A METHOD FOR USI NG A CU BEOL PROCESS TO FABRI CATE AN

| NTEGRATED CIRCUI T (1 C) ORI G NALLY HAVI NG AN AL DESI GN
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 The
present application is related to commonly assi gned
L.S. patent application, entitled "A Method for
Processing I C Designs for Different Metal BECL
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are usual Ig hundreds of mllions or 1 .
particularly to the Back-End-Of-Line (BEOL) semiconductor manufacturing process.

2. Description of the Prior Art

[0003] The semiconductor manufacturing process, when likened to an assembly line,
includes two major components, namely the Front-End-of-Line (FEOL) which includes
the multilayer process of the actual forming of semiconductor devices (transistors, etc.)
on a semiconductor substrate, and the Back-End-Of-Line (BEOL) which includes the
metallization after the semiconductor devices have been formed. Like all electronic
devices, semiconductor devices in a microchip such as an integrated circuit (IC) need to
be electronically connected through wiring. In an integrated circuit, such wiring is done
through multilayer metallization on top of the multilayered semiconductor devices
formed on the semiconductor substrate. The complexity of this wiring becomes

immediately appreciable once one realizes that there are usually hundreds of millions or



nore sem conductor devices (transistors in particular)
formed on a single IC, and all these sem conductor
devi ces need to be properly connected. 'Phis is
acconplished by nmultilayer netallization, with each
metal lization Iayer designated as Metal 1, Metal 2, so
on, where Metal is the netallization. |ayer closest
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[ 0005] Enhancenents inintegrated circuit éﬁ/) denS|ty
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i nterconnects having small contacts and snal
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delays caused by the interconnects, a corresponding increase of transistor density means
shorter signal traveling time between local semiconductor devices, making metallization
increasingly a bottleneck in enhancing IC performance.
[0005] Enhancements in integrated circuit (IC) density and performance as predicted
by Moore’s Law have fueled the semiconductor industry and resultant Information
Revolution for over 40 years. The fabrication of deep submicron Ultra-Large Scale

Integrated (ULSI) circuits requires long interconnects having small contacts and small

cross-sections. In the past generation of semiconductor manufacturing process



| technol ogy (industry generally considers 0.13 ma
boundary), alum num (Al) and Al all oys have been used
as conventional chip wiring materials while tungsten
(W has been wused as contact plug between netal

| ayers. The newer generation of the sem conductor
manuf acturing process technol ogy has nmade. it
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dynam cs and the econony of sem conductor

eleqiepmigrationrand geduaerlgensyof fabsicatiankanpl e, because it is
generally |l ess expensive to maintain a single type of
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do with the dynamics and the economy of semiconductor manufacturing industry. For
example, because it is generally less expensive to maintain a single type of manufacturing
line than to maintain two different types of manufacturing lines with one line
implementing Al technology and the other Cu technology, semiconductor manufacturers
generally choose to complete the Al to Cu transition in a sweeping manner, even though
there are still many product designs that could be adequately manufactured using the
conventional Al technology. Currently, most of chipmakers have simply moved from Al

interconnect to Cu interconnect fabrication (BEOL backend of line process) by following



i nterconnect to Cu interconnect fabrication (BEOL
hacxend of |ine process) by follow ng 5 sem conduct or
roadrnap when they are ready for 0,13 mtechnol ogy or
below. Wth Cu technol ogy beconi ng nore mature,
continue to invest in Al process is no |onger
desirable or even practical since it will add
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still maintains a production line based on Al technology, which is becoming increasingly

more difficult or less economical.



B.EOL fabrication process. The conversion includes

steps of (1) obtaining/determning |ayer construction

of the Al backend design; (2) constructing primtive

| ayer construction of a Cu backend design according

to the layer construction of the Al hackend design;

(3) matching netal resistances of the Cu hackend

design with net backend

design; (4) matt’Sl hiﬁﬁﬁé} ‘VEN (ﬁhtances of the

end desi nfra net al ances of
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fabiicate,a integraied Greutt RC) Ariginalx Baiang eed| baskenggissigpn dhe method

conversion, the nethod fabricates the |IC based on the
congtscihn Ad balkendydesiearid a dadiagkendsierign withercrdesighing g Iofer Cu

process. 100091 In one enbodi nent, the |ayer
BEQbdgtiricagen pacdsas Thacanesensnalutsk sdpnof (hpotahining/determining
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laydraysstsicidd &) the Ahbakeeb&ainOf2) cotistictii! pmitidé Rlye&cdohbteuction

| ayers (I MD) and dielectric constant of each
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enbodi nent, matching netal resistances of the
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for the Cu backend design. 5 1000111 In one )
desigpb Sarendistconyrision, thymiethpd sabrettas thedE desadandesolssingdeu
Cu backend design with intra-netal capacitances of
backdnd dabigh asike Od BES3L (abricdivprpremss.t uni ng an  effecti ve
dielectric constant of intra-netal dielectric |ayers.
[000Yni nTh dikentoliRednt, \tke lagkradorsthuction Bamtaidterofncluding metal
intra-nmetal dielectric layers may be acconpli shed by

thicRelsbst thittnésses of inter-layer dielectric layers (ILD), thicknesses of inter-metal
dielectric layers (IMD) and dielectric constant of each dielectric material (ILD or IMD).
[00010] In one embodiment, matching metal resistances of the Cu backend design with
metal resistances of the Al backend design comprises scaling Cu thicknesses. Scaling Cu
thicknesses may be accomplished by determining a copper thickness corresponding to an
Al thickness based on comparing Cu resistivity with Al resistivity, or by determining a

Cu thickness corresponding to an Al thickness based on a simulation result (such as

SPICE model simulation) of a model for the Cu backend design.



thickness of a nitride layer, or by inserting a
nitride |ayer having a cal cul ated thickness. (00012]
In one enbodi nent, matching inter-metal capacitance of
the Cu backend design with inter-nmetal capacitances
of the Al backend design conprises tuning an
effective dielectric constant of inter-netal
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backend design may include identifying any violations
thickpess ofaRitidmbayet e byuinestting anitidsdayer hang aoalereted thickness.
density rule Fixing the violation identified may be
[00824 ol érstretbodiment | roateling)ingerpastali copacitind@of the Cu backend
netallization involved in the violation, or by
desipdjwith integrmetal Capacitdricekofras AtlBackend de3tini dompiseshunigg an
metal resistances of the Cu hackend design wth netal
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, lished by inserting dummy Cu
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overlay nule. [00014] Converting the Al backend desig
a viplgtiph @@le&&@é’wa@m@ﬂgﬁlfwdyf thefetihary. Veadyigaée Gt 'éaﬁkend
of . generating | ayout of the Cu backend design,
desigheadyi ingudeidentifying anywiokatians gsingrinRul me@hweiitdh nde ¢DRC)
tool, placing nodel/rul e-based Optical Proximty
maximum metal density rule. Fixing the violation identified may be accomplished by

slotting a portion of Cu metallization involved in the violation, or by adjusting a Cu
thickness determined in matching metal resistances of the Cu backend design with metal
resistances of the Al backend design. Verifying the Cu backend design may also include
identifying any violations of a minimum metal width rule or a minimum metal density
rule. Fixing the violation identified may be accomplished by inserting dummy Cu
metallization. In other embodiments, verifying the Cu backend design comprises

identifying any violations of a metal size rule, a via size rule, a metal-metal spacing rule,



Correction (OPC), and verifying mask | ayer generation.
1000151 The present invention is also a process for
using Cu BEOL to fabricate an integrated circuit (1C
originally having an Al backend design. The process
conprising the steps of (1) receiving an Al backend
design of the IC. (2) determning |ayer construction
of ;the Al. ba si an; ) cti [mtive.
oy g AT BT AP 20l che A0S ML S R e
ccording to the |ayer construction of the A backend
Ow%@¥Fﬂﬁ: (4) matching nmetal resistances of the Cu
backend design wi.th netal resistances of _ the A
[0081HK e h@nErating ihe Albpckend designyfoitht ¢u baskend designapist inbes
~of the Cu backend desi%n Wth intra-netal _
inckidpratins o gsyereting lagoukjof gigRiehagkenssdegign, qhegkingihe hayeyt with a
inter-metal capacitance of the Cu backend design with
Desigit-Bulerfidteaking PRC) tomb pésingfmadetrudd-bizad Kiptidal Piesingm ;
(7) verifying the Cu backend design with a |ayout rule
Cobigiok (OPO), ahdvérifeiiginiask dayev geleationn; (8) fixing the
violation identified if there is any; (9) generating
[00big)2al Thayrként Hvenfidifis GlboRIeMREIOH8ShEO T BETL (o¥Wricate an
fabricating the 1 C based on the Cu backend design
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HE E S 10Q017] The invention w.l| be describe
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| i ke parts are denoted with |ike reference nunerals, or
Cu pagley des rb%éliesﬁc fecegdig tpdhejayir GeRstpiche %ﬁbnﬁﬁ%ndan
outline of several major steps of the nethod in
desigme (b anatdingnetal repistapges & e Guiaskendgiesigp ool rogtalpesastanzes of
Is a schematic cross-sectional view of an interconnect
the pid tba¢lend desigm (5) matching intra-metal capacitances of the Cu backend design
with intra-metal capacitances of the Al backend design; (6) matching inter-metal
capacitance of the Cu backend design with inter-metal capacitances of the Al backend
design; (7) verifying the Cu backend design with a layout rule check tool to identify a
violation; (8) fixing the violation identified if there is any; (9) generating final layout of
the Cu backend design; and (10) fabricating the IC based on the Cu backend design using
Cu BEOL fabrication process.

[00016] Other features and advantages of the invention will become more readily

understandable from the following detailed description and figures.



architecture representative of both Cu (generated by
ei ther dual or single damascene process) and Al

i nterconnect netallization architectures on top of
pol y/ contact substrate. [00020] FIG 3 shows
cross-sections of a Cu line resistor and an Al |ine
resister wwth barrier layers or coatings. [00021]

FIGS. 4.5 argg &ﬁIPCiII ﬁsoﬁ%ﬁtﬁiﬁ% i ews of a
smal | sectionJ%ﬁ&gg££exenp§ary-+%wmﬂ—1n§%§ruction of
Al . backend desi.gn _an he. | r _const.r iaon aof a .
1008071 e IBR RSP sB deRmipelBttayl Senoith e iRl Ry p in
capaci tances. [00022] FIG 6 shows an exanple of sone
whigh Hsgparts are denoisdyiBslikedgtersngs pRpgRlsoiétiesys  in a cu
I nterconnect architecture. [00023] FIG 7 shows an
[00@38 npFEG.df is g béackidipgram sipyopgan eyttine ¢f sehgyalmaiar esasnb the
of durnification. [00025] FIG 9 shows an exenpl ary
methed| ireavcerdaricepritictbs pres¢ngpeven@d to create a single
damascene interconnect structure. [00026] FIG 10
[006810)Ws FEG. 26ix @ Bphchtayic sRGsHedtiondfvigw oftasiatesioapst needlization
create a dual damascene interconnect structure using
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| ayer. g 1000271 FIG Il shows an exenpl ary sequence
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I nt’er connect structure using the trench-fir sit
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OWS an exenplary Sequence of process s
d to create a dual dai nascene i nterconnect

b USﬁ
LTIV V088 the trench-first process scheme with

no etch-sto | ayer .
[00021] FIG§. 4-9 are sg‘})l/ematic cross-sectional views of a small section of an

exemplary layer construction of an Al backend design and the layer construction of a
corresponding Cu backend design, showing intra-metal capacitances.

[00022] FIG. 6 shows an example of some via/metal enclosures and via/metal overlays
in a Cu interconnect architecture.

[00023] FIG. 7 shows an example of slotting.

[00024] FIG. 8 shows an example of dumification.

[00025] FIG. 9 shows an exemplary sequence of process steps used to create a single
damascene interconnect structure.

[00026] FIG. 10 shows an exemplary sequence of process steps used to create a dual
damascene interconnect structure using the via-first process scheme with a trench etch-

stop layer.



9 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 000291

Di scl osed bel ow are representative enbodi nents of a
nmet hod for using a Cu BEOL fabrication process to
fabricate an integrated circuit (1C originally having
an Al backend design. The representative enbodi nents
are disclosed herein for purposes of illustrating.

di.scl.gsed systens.and net hods shoul d not, .be
10002 L 4 380y T LR R R o R s B reate a dua
resent disclosure is.directe oward all novel and
damascras i gGennee %%“S&}%‘E‘Sgﬁécg‘fémd?m‘t‘%% Sqhgme 3{jib a trench
di scl osed enbodi nents. alone and in various
etchegABIaY8E i ons and subconbi nations with one anot her.
Therefore, these and other wvariations upon the
[00838% ci FlG@ 12rshows areercmpiary s¢querRIedé gracessiséeps osas te gropie ardvel
present inventions. The systens and net hods are not
danlaiscrnt édertonmentystsipcd dsing ths premth-fiost frectssiseheme with no etch-stop
conbi nati ons thereof, nor to the disclosed systens and
laygtet hods require that any one or nore specific
advant ages be present or problens he solved. [00030]
In the present disclosure, the terns "BEOL fabrication
process,"” "BEOL process," "backend fabrication
process," "backend process," and "backend technol ogy"
are used interchangeably. [00031] In accordance with
the present invention, it is envisioned that a Cu BEOL
fabrication process is used to fabricate an integrated
circuit (1C originally having an Al backend desi gn.
The nmet hod does not require that the | C be redesigned
for Cu backend process, or that the design be
fabricated using an Al backend process. The nethod is
based on a realization by the inventors that foll ow ng
a systematic methodol ogy as described herein, an Al
backend design can be converted to a Cu backend design
wi thout redesigning the IC for Cu BEOL fabrication
process. The net hodol ogy of the present



i nvention ensures that the functional and perfornmance
aspects of the existing circuit to design related to
i nterconnect | ayout are nmintained by the repl acenent
of Al interconnects with Cu interconnects. These
aspects include paraneters such as inter- netal or

intra-metal capacitors, and nmetal line resist ors whi ch
may affecM O r§0r
er nbodi rn A mett u&gﬁggyﬂo} I?E?]ﬁg%p;ﬂé@ nt

ensures that the existi
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rocess design rules including systemtic, du
BEchf%hnca@owwﬁss patabasaie foipfegrateraitoyit (Iq)@ol@gljaﬂrh@xmg fsAl
a bl ock di agram showi ng an outline of several mgjor
backendpissigh. Therepresetiativeiembadvmmiteate disoliosdd hetrén for egmnases of
i nvention. As shown in FIG ], the nmethod of wusing a
illueatiBECChé diba:lbsedtsysiempamhasthodscshbuiklmbtb& evnafnuddras digridigeid
circuit (1C) originally having an Al backend design
anyl Wi/, Ugk@sadt the pttht@MciGuridty @iFecsddap®ard[alGd3d]andhosdtefous
100 as shown in FIG |. the method obtains or

featfiRl @hdhdpests bAME variGRMENI46d ERBoRchttSlde AagkeRdus
design. [00034] At step 110, the nmethod constructs

conﬂ{n'lz{pogé fd Juﬁé’cﬁﬁb&@[b%& Y Qné%fleraﬁ}gr HEGk& gﬁmgg@hen d

accor ayer construction O t’he
00035 1 20,
5 il st ol FBud o Bl 1 et
imvardgns, 5 oo A RE RS AP A tgganz Spcrs aheer %ﬂmpe or

the Cu backend design with intra-nmetal capacitances
comyyinatiqas heregh aretwdhe é@?lgwd sygensd methedsgquinpthatiay one or

nmet hod mat ches inter-netal capacitance of the Cu
molsgpkci Bnarvadiegisde nipsent drpreblemebegoledpaci t ances of the

Al backend design. [00038] At step 150, upon the
[00630} v e irsthe pres¢rt disciestrodthe &dvms CBEOE. fhtrécatin basesd,” BEChe

process,” “backend fabrication process,” “backend process,” and “backend technology”
are used interchangeably.

[00031] In accordance with the present invention, it is envisioned that a Cu BEOL
fabrication process is used to fabricate an integrated circuit (IC) originally having an Al
backend design. The method does not require that the IC be redesigned for Cu backend
process, or that the design be fabricated using an Al backend process. The method is
based on a realization by the inventors that following a systematic methodology as
described herein, an Al backend design can be converted to a Cu backend design without
redesigning the IC for Cu BEOL fabrication process. The methodology of the present

invention ensures that the functional and performance aspects of the existing circuit

10



Cu hackend design using Cu BECL fabrication process.
1 [00039] In other enbodi nents, additional steps may
be taken to convert the Al backend design to the Cu
backend design. In one enbodi nent, for exanple,
converting the Al design to the Cu design further

i ncludes the follow ng steps: [00040] (a) generating

des{ gﬂXleH{ed of 'n%é?&m%ct (i%%'u%ﬂ'r: g{a%ﬁ%%(d 1??( tl?% %@{ﬁieﬂtl%ftﬁhe
int og;z?v%% \{vg}ﬁ égrl?tgré:{)?xgeﬁ{m %&se) aspee %sglgsltlgm%]met?ra)suchbas inter-
el Iak L 2ven ensratl on, LRORALL TS Q00 Ry

addi tional steps, are described in further detai
perfoangiges. | mooms embogiseatsnths gnataadelosy of He Dresgairinvention also
construction of the Al backend design [00046] In the
enspee thehthe iexigieng Abmterednacdt dayiout dhsigh gnconyerteédtorsatisfy Cu process
design” refers to a technical representation of a
desizantlas inchdimgagstekuati odunpnyp dridbtting yietat phtkern rdpheectiests.gn
(the technical representation) is a data file or a
[0063] ofIGlatiaabidcRidgry sitREn®in sEnSISHegtal HHEPARNS MPthe
the product conmpany to a sem conductor manufacturing

metBOMRAIY ordhutR IvATRKE plesé? invieAtidn. CRL dh8WnGh Fidie, ﬁ{qué{ﬁéd of
The techni cal representatlon of the product can of

usn?é,azf e B%dLofagﬁc atlhﬂ gﬁﬁgsseté ?&{Uﬂa 9[5 éltl gﬁ%#}ite% ch,??tﬁte@@&?g%ally

resentation conpil

const cti o arane as net al thlcknesses
" PRI LT e g Koty BT by ere 10Dy,

008 GAE ?%5399" e RIS L 4ol Y b P

(ILD or In a more common form however, the

Conﬂégﬁﬁ?ngef€§9@§@ﬁ§§¥$hn is a set of CAD fil es
contai ning systematic design information for

[00034hr | Aastephl0, Aee eefboh construgte pamitiveflaysnrernsaudiap dfialCas,
dat a of

backend design according to the layer construction of the Al backend design.

[00035] At step 120, the method matches metal resistances of the Cu backend design
with metal resistances of the Al backend design.

[00036] At step 130, the method matches intra-metal capacitances of the Cu backend
design with intra-metal capacitances of the Al backend design.

[00037] At step 140, the method matches inter-metal capacitance of the Cu backend

design with inter-metal capacitances of the Al backend design.

[00038] At step 150, upon the conversion, the method fabricates the IC based on the

Cu backend design using Cu BEOL fabrication process.
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mul tiple cross-section regions of the sem conduct or

product can be captured and extracted using

appropriate software. Such data include the materia

properties of 12 conductors and dielectrics within

each cross section. The data of each cross section is

assi gned using object definitions. An object

e . o L al,

005, 1 MBI oL ARy RS0l L ERLEY,

amng ru ype, conduc

bac‘a%ﬁg’ﬂi%et‘sf’géié‘Fﬁ'ﬁiCt%{boaﬁg%%ﬂdd%ifgg-?@f?%ﬁ%ﬁb?)&é%@f@iﬁ% %ﬁ?&f‘%&q"vﬁ%@g
f the desi . '
the ey D AP Ehies BRdDY hoip NGNS SPl CE  For

a given technol ogy, for exanple, SPICE nodel can
[009‘&‘80nﬁ%@ﬁ?@atalgslél’o%f’fﬂly&uc%ﬁlgnbi rcuit design
paraneters (e.g., design paraneters for CMOS) and a
[0084Hp| €b)shedkyng tgalayoatppiﬂoaahsigm{ulerﬂmcm 1eBL) tool;
capaci tance and inductance. SPICE nodel is also
[00642abk® plaeingooadet/rde-bastd Opsing P rafimpty doesstiqa(CRED ] axd
variations. For 3D sinulation for interconnects,
[00043]s s {Heetifyonl @A lay@getdritionnel | - defined dielectric
stack, dielectric constant, netal thickness and ot her

[000£4]t | GRt aHVEBRRPY, SRk16AAS B&th %%%qa'bpstggseﬂh@ﬁe SRRRAAILBNE Sre
resi stance and RC delay. 1000471 The above provi des

mm&ﬂﬁhthﬁ&%f&%Qian&or mat ching a Cu backend design
with an ac (

ed design and to determ ne the

[000£4{ 93T 1R

primtiv SR

. | O~ 0 a OaCKeENG = YLl
or di to the |ayer constructjon of the A backend
10087 o Beatraet Tl ur o R O ot o e to
backend design forns, a basis and a rough starting
tectyigah feprespntatig aeiertain semcpRducts prefust. ghypigellndhe Aesiandhe
with the present invention. Regardless of which netal
techaeak eamepserdatinmd iscydets §les edetf fidatrdies provided hythg design
circuit design, the final product is expected to have
congmnyronthe pradestanviipany tdf esmicasuctar mtusufacturing company
(chipmaker) for fabrication of the product. The technical representation of the product
can be of various forms. In one exemplary form, the technical representation has
compiled data on the layer construction parameters such as metal thicknesses, thicknesses
of inter-layer dielectric layers (ILD), thicknesses of inter-metal dielectric layers (IMD)
and dielectric constant of each dielectric material (ILD or IMD). In a more common
form, however, the technical representation is a set of CAD files containing systematic
design information for fabrication. As known in the art, from the CAD files, data of

multiple cross-section regions of the semiconductor product can be captured and

extracted using appropriate software. Such data include the material properties of

12



metal interconnect |ayer construction. [000501 FIG 2
iIs a schematic cross-sectional view of an interconnect
netallization architecture representative of both Cu
(generated by either dual or single damascene 13
process) and Al interconnect netallization
architectures on top of poly/contact substrate. The
i,nterconnect netallization architectuyre in FIG 2 . .
congicis B HELS I AL GBSOt e Blar el ¢rpigsSsion i
Isolation (STlI) region 202 and polysilicon gat PCL
assigned ysing qhicqt dgfanitionso iy Qhpect é?f?‘%%%h%lﬁgux lﬁélua?ﬂ e gype °
/ contact substrate. On top of the poly/contact
mateyiglsnanaing rile, phatingydieleptsip dypej ardegondvrirdyphisteapl qrasqungh The
structure including | ower vial/contacts 205, vial 215
datq isiasdijned 28Hmg Objeal Jefiaitn® Borepresaalt Frosswyeectibn profitas ob healesign
210 (Mrl), 220 (Mrz2), 230 (Mr3) and 240 (M), and
pro@hict b€ inai be hsedebsprafiile niddeDaY nsiZd Amlaibh koft@dré s¢dhld9BPICE.
222 (INMD2), 227 (I1LD2), 232 (I1MD3), 237 (ILDT) and
For243vdnl tedinbIbky, 1oNeta8ip1&) S PIOE niBdbitdah ay@inmdtHaly £00EG pical

netal lization structure is a passivation |ayer
o : . NG : .
i Ok PR 00 SRR DAY Sy

app?d;]at%ﬁ] 'férqﬁtte%E) %Ega\}%g%igaﬂfg Jin% iP@%@égowd%@gﬁ?%{ ?%\?é%@%aﬂ%ble to

erconnec our

MI1.210 tal 2 (Mr2 . 220).,..Metal Mr3 23Q) and To
covibt RiERREC gy R Ay Ros 7R S dpr oS
talli . , .
croRipiegjorDBles Piberd e IS TIC Ebalifaa ponsiant, nclal '
_interconnect, alternating |evels run orthogonal to
thickpess japg ether viséeab dispransion icaimbe eedithpisilisbeapagitance, egpéstance and
interference. In the |ower |ocal interconnect |ayers,
RCtdelrywi res are only used within a cell or block where
the finest nmetal pitch design is enployed. In the
[000gTier Tyt alale providdsbasio adbsnatioh désrendttieng & Cadaclend design with
designed to be long, thick and wi de, the netal

an ATBREERNIEigh Sn@teddisBhd tAE bbuderiesf@lidpro€®smuni cat i on,
In deep subm cron design, internediate | ayers are

(00848 Pt 8d dofistructing primitive layer construction of a Cu backend design

according to the layer construction of the Al backend design

[00049] The layer construction of the Al backend design forms a basis and a rough
starting point for a converted Cu backend design in accordance with the present
invention. Regardless of which metal backend technology is used for manufacturing a
circuit design, the final product is expected to have common or resembling features in its
metal interconnect layer construction.

[00050] FIG. 2 is a schematic cross-sectional view of an interconnect metallization

architecture representative of both Cu (generated by either dual or single damascene
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redi stribute densely packed w res (netal

i nterconnects). At the top are UO out puts passivated
through either Al wire bonds (e.g., wire bond 250) or
sol der balls (e.g., netal bunp 260), 14 [00051] In
each layer, nmetals or vial are deposited in one or
nDre dielectrics. In the present disclosure,

proces Jearngité'%ll 1§t%rc§§rtle\é\ﬁ1tngtra thlaagArralggéfué%storn 0 oﬁm_%?on%\l&]? SIIIbstrate
dJeIectrlcs ddln a et rconnec er . are

Thy bl 5 SRR R PSR TG QopPe Sy PR RA00

FIG. 2, dielectric |layers 217 227, and 237 are

sha lew)trep%ly@?létlowﬁﬂ IDeregion |2 e% grq polysiljeanegateiBOLY) 204 ingis lgyar
242 are IML) layers. The |lowest |evel dielectric 206

porfign KPrASHIEE tl@ﬁméy/mntm sehstratej Ongap efidie golyidoaraelowbsitate is a
| ayer 205 which itself may consist of two subl ayers

multigyier Bitmvemhectinidtalbzdtiop streaideaydudisglowiengiassontacds 205, vias
connecting to Metal 1 (210) and a bottom subl ayer

2155(@fal), Q5 @sia2)l and aB5 (VAEY St 8drsonnk&d5R{MBEG 22GMTIe230
| ayer construction of both the Al backend design and

MTheang240 ?%d dESHE N a M ZW?EDDF d1% aINBYIE2 EOATDM), 992

resenbllng eatures inits ne i nt er connect Iayer

kend
(MIPTIHFE DA 232 @?&?Z@Zé@ﬁ%ﬁ‘g’%&gﬁ?ﬁ 1O il ot (ONC
muﬁl‘?agfsen‘ie?((.jonggctQx’?e:(falﬁﬁzag}I I'CIIS a gsggggc?}}nl% ermﬁcludlﬁ &llre bond

nventi on r cons Ct I on

25 sl biindbo GRE esﬂdaﬁpal aﬂggwgﬁdﬁaﬂe@f" e

forth ccordln to the %ﬁ%er construction of the A
archigcisn hogadn aﬁ - 1 beosdi-lavr mstal mierrercriapeing four levels of
construction of the Cu backend desi gn, however,

meigh Mdetall | MThaldbgWsteb2 (MTBE20s dptalS (K3 ) a@Fb“s"@IgMef% (MT

Cu backend fabrication. According to sonic
240 nBodicehmhsdaph intt¢reonmeetsreitllizatioararihitectdesoay lvad ebal owe (six
before taking an existing
or more) metal levels. In a multi-level metal interconnect, alternating levels run
orthogonal to the levels above and below to minimize inter-level interference. In the
lower local interconnect layers, the wires are only used within a cell or block where the
finest metal pitch design is employed. In the upper global interconnects, where the lines
are designed to be long, thick and wide, the metal interconnects are used for inter-block
communication. In deep submicron design, intermediate layers are adopted to
redistribute densely packed wires (metal interconnects). At the top are /O outputs

passivated through either Al wire bonds (e.g., wire bond 250) or solder balls (e.g., metal

bump 260).
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Al design for Cu interconnect process, severa
additional steps are carried out to match up the
ori gi nal design and manufacturing requirenments.
1000541 3. Matching netal resistances of the Cu
backend design with netal resistances of the A
backend design 15 [ 000551 As recogni zed above, sinply
ing the laver construction of .the original Al

100883 o6 oG e st Pl SR Sieafidediien e
of the Cu baekend design may result in inconsistencg

presgpt dipdesurs, disjiechics bslvces tvg wﬁz’lc’entsrggtﬁl lggels are referred to as inter-
conductors/resistors and capacitors, between the Cu

layey dlisiestricsd EdP)gwhide dicterigicapmp glakingprconTpgt dayieg are
because there are generally differences in process

refeaned o dsciatrannestah ditldchress §IMD). r A sowprio &G 13, dielestria lagers 217,
mat eri al s such as netal resistivity and effective

227d el E3Ttaré TLIT Biysispwhite diletthie laiesl 28] 742¢232 aded4q ard IMD
accordance with the present invention, severa

layR& I BRELRES 168fc] HRRcARYOb is soplthatkpetifbecale Renddidist ed
to match up the electrical characteristics. [00056]

via@&}ﬁa& %ﬁg?’ésgﬁh&ﬂ ?tEelf:lﬁE)( BnsREH S8 Tb T GerS Bt Bhdwi§ with a top

electric aracteristics of Cu design and Al design

ol 5 L RS Sy IO R B

) %OOa and an Al structure 300b wth barrier |layers or
OCH JUPTAYEScy 1ine 31 Ca is generally el ectropl ated and

i s surrounded. be barrier |l ayer 320a, while Al |ine
10085205 Pecanor Py cotmrtop el PO bt daigniy PG
and is sandw ched by contact |ayers 320b. The
backens|j depign aee axpectis othaye eunmor gorgsqnebling deatyreh i itsgneyl cu
line 310a itself and barrier |ayer 320a surroundi ng
intetdvané ldyeneonsth@wion, tBatayersonktayction 30 ha Aldagkend dedigryfoams a
hi gh conductivity (lower resistivity) material such as
basikiand a FeughBtarfihg g, fod@GnNertdd Tabackie dasigN inacatdeace with the
refractory netals and their conpounds or all oys.

presehiiinvéitlot, Onlb€theasycp takeacttn dMan Skistied Ml BacREHdsin is
contributed by Al Tine 310b itself

determined, primitive layer construction of a Cu backend design are set forth according to

the layer construction of the Al backend design.

[00053] The primitive layer construction of the Cu backend design, however, is

generally inadequate to be used as a final design for Cu backend fabrication. According

to some embodiments of the present invention described below, before taking an existing

Al design for Cu interconnect process, several additional steps are carried out to match up

the original design and manufacturing requirements.

[00054] 3. Matching metal resistances of the Cu backend design with metal

resistances of the Al backend design
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and contact |avers 320b sandw ching the Al |ine 310b
Contact |ayers 320b are generally nmade of a
conductive material such as Ti, Ta, Till, TaN, TaSi N
TiTa, Tim. V, | or other refractory netals and their
conmpounds or alloys. The resistivity of the conductive
materials is usually restricted by the choice of

RT3 0 B D L i
| st Cu. st. t 00 Al st 300b

R

G o BR AL S5r5 EhR0 o P L

mat ching is acconplished by scaling the cross-section
capgeitars; betwren ghedan backens devign gnd theptldagecadidpggn. hT ik ishssause
of barrier layer 320a tends to be restricted by the
thereye argtallynifferonss &) procesearehitdcture tnd the pbttricalgiropertiasdf the
would only have a relatively small range of
matedply steheastmdtal resigtivéty and efféetive diziaentoongthithofigh dietectric
principle the cross-section of Qu line 3 i Ca nmay be

lay&s aleatcbiylagdeavigh e pRisédl @ivehiiéh, ReVegh grahfétbrs( $hthé Kl?&‘s s)
of the Cu line or the width of the line, the forner

consERAR IcRYbEdjtiked B n@&lrtal & he @1&&&91%%%&&%.@ the

t hi ckness of 'the Cu line Is nore straig rward and
ie ; f [ L L ew.
100361, Qi oAl BRI SRt P RBOHEh cBlrattffes o
[so affect the dimensions of.intra-netal dielectrics
cu ?Fﬁq%r} ‘E@)&a‘}ﬁa‘ &t Ilﬁjtge ﬁﬁ? Fegl-spaﬁﬁet % m‘gblglplﬁlc? irf’sésﬁ%ré's , further
licat] t he process. 0059J Accordingly, in one
100§ o FEG 3 s ‘ﬁ‘fc,tloﬂ%?faﬂ[ & Srebiraqits w1 Hhid seppchure $90
.backend design is matched with netal resistances of
with Rrrigy lapgrs REFRItIAES | (Ghling3 1Wp ipgsperally glectigplatad andhis skimeunded
(height hc") of the Cu line 310a. The scaling can be
be hrawi¢ronyee d20n whil dplipe 3Edbeis gemeirally anhasl (€appléry deppsiteddsPVD
corresponding to an Al thickness based on conparing
and@e sandwiichied by tyntadt 1 dyell 320Bs i Bieirgdidtynce DR €usesdteiei’004 i of
Cu i s about 304, |ower
contributed by Cu line 310a itself and barrier layer 320a surrounding the Cu line 310a.

Barrier layer 320a is generally a high conductivity (lower resistivity) material such as Ti,
Ta, TiN, TaN, TaSiN, TiTa, TiW, WN or other refractory metals and their compounds or
alloys. Similarly, the resistance of Al structure 300b is contributed by Al line 310b itself
and contact layers 320b sandwiching the Al line 310b. Contact layers 320b are generally
made of a conductive material such as Ti, Ta, TiN, TaN, TaSiN, TiTa, TiW, WN or other
refractory metals and their compounds or alloys. The resistivity of the conductive
materials is usually restricted by the choice of materials based on the design and the

selected fabrication process.
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than that of Al alloy, (with 2% Cu). Taking into
account the total nmetal cross section area including
hi gher resistivity Tall TaN barrier |ayers surroundi ng
the Cu, scaling Cu netal thickness (height) down by
20% of the corresponding Al thickness would match
metal line resistance within (+;-) 10% of the

o . . " o
008 ML A Rk BRI LR AR O T 08 hay e
The.abgve sinpl.e a trai.ght, estimation of .
s Rd nd SR B T e B T 30 B o T g B
dirensi on f the resistors.may be suff.icientl, .
laySE RN a GO o TSHEHDLY: BppeE AT e s SecPmotithgrdy scaling
accuracy is required, the scaling of the Cu line
the groesrction of €4 fjan 3 L alone. (Thisdk hesslisedle Hickpgwsad damisplagyr
may be further refined using nodeling techniques. For
320a xendp Iteebe 1epioiated by degfiabmesdipn prpcessher aves iflitiampt festyieted would
construction of an interim Cu backend design may be
only bhkern mhtizelg small range pbadjustfmont im anypenedt. dfurtBBinGire, although in
simul ati on which generally would lead to nore accurate
prire§ile thetck@BSeddion eF €allihk G 10LMay BE §daled Blyichsnginpcdithei theg height
l'ine resistances of the interim Cu backend design. The
he, (@fkthéss) & the tH8inSB} GE vaitHWr el QNI GrelhRfkr YUSRHAZAS hey) is
gui dance for further refined scaling. The processS nay
i AoiHP el thi j : | fnd ' .
preik%grg% g%éfﬁ%@é'\l/lg?%ﬁg elthiBlRR bSha el nY id fiS s{ralgﬁtgélg{aﬁde 5}%

ng I ntra-netal capacitance

| ' | I At r g- al capacitapces of th
casiff 8 fae A0lnelmih Bl ng T 1D, BPRR EPEhtthe hitfn of
adj ust ed tch the electrical .charac (sti.cs .
the £ 13 oG s gl pr RS 1rel) R IO e s inra
capaci.tances. As shown, bel ow, in one enbodi nent
metﬁﬁ‘ia@ﬁqlﬁﬁcqsn‘fuﬁggrmh%t%é@? PIRF%Es of the Al design
wth infra-metal capacitances of the corresponding Cu
(00088 gAcerrfingly, wcrsepfnBlastenBlodinentngetalreg sthrcstdile Cu
dielectric constant of intra-netal dielectric |ayers.
backend design is matched with metal resistances of the Al backend design by simply

scaling the thickness (height hc,) of the Cu line 310a. The scaling can be performed by
simply determining the copper thickness corresponding to an Al thickness based on
comparing Cu resistivity with Al resistivity. The resistivity of Cu is about 30% lower
than that of Al alloy (with 2% Cu). Taking into account the total metal cross section area
including higher resistivity Ta/TaN barrier layers surrounding the Cu, scaling Cu metal
thickness (height) down by 20% of the corresponding Al thickness would match metal
line resistance within (+/-) 10% of the original design target without requiring modifying

the original layout design for Al backend process.
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[00063] FIGS. 4-5 are schematic cross-sectional views
of a small section of an exenplary |ayer construction
of an Al backend design and the correspondi ng | ayer
construction of a Cu backend design, show ng
intra-nmetal capacitances. FIG 4 shows the Al |ayer
construction having Al interconnects 410a/41Cb

[00?565] ed fi‘flg aﬂ)&eisﬁflﬂgaﬁlﬁ}aﬂm eg n%ltl%ﬁ rfl‘e%}s a%XeeEasg:ci %{P gnatenal

an oxi aylelr sucn o
t
resitl leYra"?'ii SRS bR a@&miﬁﬁl}fﬁﬁ@ e gicil,

.onnectjn | evel |nterconneqts 420a/ 420b

aPPi‘ﬁ?glé’&Ere%‘ %ﬁ firn‘? Eléhﬁfétcalrra@f s reauiteddhe segling OQtﬁﬁ@)l limgo.
[000641 FIG_ 5 shows the corresponding Cu | ayer

dimegHens (seah; as hathigknrss eudisqussesraberm aeaydesurtior sefis using
enbedded in intra-netal dielectric layer (IMD) 512

modelingd¢chyiques. Fox extenpleywpon s naighasalingsthie iresularg Xayseyqnstragion
| ayer 514 (usually a nitride), and vial 515a/515b

of qoastsrimgCu backerghdesigh enayl beytaltendis alseeting ittdyres roGhd &) SEHCE
and connecting to next |level Cu interconnects

simbRfah YBQA gendeitktweuld Neadd hidrdBicatatisGhRtés of elcadiRr
(IMD) 522. FIG 5 also shows etch-stop [ayer 518

chafadfrafidstin@udthd flhéjl%s@ﬂdﬁ&s 38 thel mtléplma@lgbaﬁzﬁald f¥h. TR results of

[ 000651 Intra- neta capaC|tance i's the capacitance

[ t-th
the §gfrrdé§r§reﬁltui %flg F&P?sze)lri Q%gﬂﬁ&rﬁe f? {tﬁ%‘%?ﬁﬁ%%%&%ﬁ% Tﬁl grhocess
t 420 420 t he
mafft B3 a%ale@s%lﬁ*aftef”y‘d%%vﬁfwo Riehat abi;‘t”men the two
i.ghbo ) netal |n erconnects % 520b in the
[00 @r] re -p - 2= dDfc (2 u aL
(a) shape and area of the

d dgsign with intra-
netalﬂllnes [000671 (b) space between the netal
[009624 e s Angither I[@@%@ﬁhét@)m b¢ adjusted o mateh thetetdcricalbriataateristics
of the insulating |ayer(s) between netal
of Cu design and Al design is the intra-metal capacitances. As shown below, in one

embodiment matching intra-metal capacitances of the Al design with intra-metal
capacitances of the corresponding Cu design may be accomplished by tuning an effective
dielectric constant of intra-metal dielectric layers.

[00063] FIGS. 4-5 are schematic cross-sectional views of a small section of an
exemplary layer construction of an Al backend design and the corresponding layer
construction of a Cu backend design, showing intra-metal capacitances. FIG. 4 shows the
Al layer construction having Al interconnects 410a/410b embedded in intra-metal
dielectric layer (IMD) 412 (usually an oxide layer such as a silicon oxide), and vias

415a/415b (usually a W plug) passing through inter-layer dielectric layer (ILD) 417 and
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lilies. 1000691 In the exanple shown in FIGS. 4-5,
upon matching the netal |ine resistance by using the
net hod descri bed above, the infra-netal capacitances
(such as that between Cu interconnects 520a and 520b)
becone smaller due to reduction of netal cross section
(area of netal platting). One way to match the

B LRSI PP BB RO
i i ' .g., Cu
BRABIRNY, T, LrieLEeIneets (g O

onplished in a variety of ways including selecting

[Ooﬁg‘ﬁa{%ﬂ}aﬁ SWS iRsgtrstesranging Gy layer coptiictpn haying Cu
. introducing an extra dielectric |ayer has discussed
intgseqngegts Pb@gﬁﬁ@h cmhedsied i vadnereltticlectiielager (B vé2 (usually an

dielectric constant kr" of Cu intra-netal dielectric
oxiflglayercmetnsealsibigoni axsd®).tdap dpyef D4 @s1@llypmitcide)s andgas 513 15b

no etch-stop layer) or optimzing the thickness (for
passingthrpughdess lakr dialdytric ¢gjei (ILDY 5SaNakt Wansdtiap té Aot tdveldtu

a nitride laver, such as etch-stop |ayer 518. Nitride
intdréhBEdts SRIARI20¥ chBY®ieh i@ mtdigdtfctislbdric Iﬁ?&s('nﬁ!ﬁ_} sk2. FI&S. 5 also

exanpl e, Si N has a higher k value of around 7.8,

shof& %fc&lYS'to'_P l%i_/é'rr%ﬁ 8 DRSS a nddR ek Al Sif?[tl)[) fahéti‘ %{e‘ﬂtﬁ% trg‘éﬁt e

glass (FS(-T) dielectric, Asa resul (or

[00g§%ﬁg§t}r’aﬁ%etlag§a§%cqs £é % tﬁeoﬁﬁ%cg{]aﬁcquet&eh S %3 %{gﬁﬁ(gm](gexp%tgl’

ructure ween 1 ntra-

. . 520a an 20b) is increased and.thus conpensates. the

i 8o & B bl PR LB ERC G Hebul SR RO g
afeas to nma up with the existing _Al design. The

mefy] EfiFensnpely Bba rclinects ALBuBEnd Goiea (56 gorand et evwsen
conpensation can be determ ned as follows: [000711

the e Beighbeging snetal @gercgnigctstSgOaendF20bhie thersprrespepdiag Cu backend
capaci tances Ccu between Cu interconnects 520a and

desza@BlGarkd. Sanethletowreal cabaditateris detamdhsd 2iba felavid® Glotors:
(i.e.. Cy, CAl ), one needs

[00066] (a) shape and area of the metal lines;

[00067] (b) space between the metal lines; and

[00068] (c) effective dielectric constant k of the insulating layer(s) between metal

lines.

[00069] In the example shown in FIGS. 4-5, upon matching the metal line resistance

by using the method described above, the intra-metal capacitances (such as that between

Cu interconnects 520a and 520b) become smaller due to reduction of metal cross section

(area of metal platting). One way to match the capacitance to the original design is to

increase the total effective dielectric constant between the two neighboring metal

interconnects (e.g., Cu interconnects 520a and 520b in FIG. 5). This may be
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1000721 kcuhcu=k~uhni, [00073] where 1000741 k;u

(kO (hcu - hN) + kN hry)/h+ . 1000751 Therefore,

[ 000751 ((ko, (lieu-hN)+kNnN)/hc.) Xha, =k; uhAr [000771
From t he above equati on one can solve for AN. 1000781
hN = (h,ai knr 1& u kox)I (kN | crb 20 1000791 Where
hN is the thickness of the nitride etch-stop | ayer

accgrillgl srl%gc(l: ilhlr e%& c%fn“é s 1nc§ 4mg|]se?ec 2;:7, S?ng e%ésot:}%%te E%eatnc
h 420
conat&?témr infpRe g e e B st bR dircsted hebant of ) U

a- netal dielectric, KN is the dielectric constant
100%?01 ni H?@éﬂ@éﬁn% dbe siigrtve diglgetric senstant kpneof (o igfrastetal o
constant of oxide dielectric layer 522 of Cu
diclgeteipis inereanee by ansartingdfor ¢ Cunsocss$ wquiring no gichistaptlayear) or
constant of intra-netal dielectric |ayer 422 of Al
optiarizing thedhigkeess [f00DE0 prdeoss abneadyplegquiring tinctah-sopilgien)alf aAl
t hi ckness of 3500 . A, FSG dielectric constant
nitrid@$senisach dshectsaselalars 180 Nitride $dyeRNBudByhave higB .delechic
nitride dielectric constant of 7.8, and Cu thickness

conf@nt kS Gk @LarfiSIWIE i RYhad § Hocher 1236 6% aréurdi 1.8, ind81e3 ﬁﬂl‘(:ﬁli%ﬁer
| ayer 518 of a thickness hN of 600 A can be used wth

tha@fﬁaf’(ﬁ’%{ord: gﬁ:' g:ﬂs Kgg('i)cdlél@éfﬁé he g@suﬁftag%(?eﬁ (OAffeCtlYe)

t hi ckness t'o provide matc ntra

d1el§&ﬁ?8&{s £&¢ thQ c5 Em% dlgfég‘tn% N e{' Qt ]: béwegxt] r%laet%la (eo%

n consirderations nee e ai ven depe
t he rocess s use fabrication
s20fiiy RETYE inabassi 36, E0R TRt EAoRa G o %ﬁpPCIFaHC%C‘i“é‘T y
sectlon of this description, Cu process my
reduring 1aelpl RJptting grcas o @%qhmﬂh the exigdng 3! designg The nitrde layer
damascene process, via-first dual damascene process

thiclgnesp needed &7 @rprepes ﬁmogmt@‘j? cpmpetsation can be determined as follows:

[00071] Referring to FIGS. 4-5, to match the intra-metal capacitances Cc, between Cu
interconnects 520a and 520b and Cy; between Al interconnects 420a and 420b (i.e., Ccy =
Cai), one needs

[00072]  kcuhco=karhai,

[00073] where

[00074]  kcw= (kox (hey - hy) + ki h)/he.

[00075] Therefore,

[00076]  ((kox (hcu- hy) + knhn)/hey) X hey= karhar

[00077] From the above equation one can solve for hy:

[00078]  hn= (haikai - heu kox)/(kn - kox),
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trench-first dual damascene process wth an etch-stop
| ayer, and trench-first dual damascene process with
no etch-stop layer. For a Cu process that inherently
includes a nitride |ayer (such as an etch-stop

| ayer), the thickness of the inherent nitride |ayer is
adjusted according to the above discussions in order

100y e st 14 ifltErs b SHRGR SR P i e Co mea

| ayer as an, etch- stop layer, a. nitride |ayer havrn%
height Grt@fs@rleqmmawa% rP%struwg%?ftlg@ regition agelepribpb aoves i s the
mat ching the intra-nmetal capacitances as di scussed

originpbvie mepel (42980420D) Irejghi) ko wherdftective diglgetric sgnstant ef Gu intra-
518 in FIG 5) to fully contribute to intra- neta

metd] diklecttic, kg, i§ thvlielerisut@isianngf nitnde pwhisiaprisyent 18, hex is the
nitride |layer under the netal pattern (e.g., portions

diclectrit esppamdbNexidoditleetrib ddyensn20df CuartliiteetueQ A&k 3s the @ffective
and 520b) should desirably be renoved by, for

diclRXATRbBtan@ o M'Bitra @l &A1 dRGediri P18 & 12 Mok A RicBitecture.
nitride-to-oxide selectivity. 1000831 5 Matching

[OOOIEH] er pgEL @ f@%ﬁ'aﬁ%ﬁ%ﬁlap& fh&n&d oba ﬁd@ﬂ Or 8 81 @Rt cbhstant

I nter- neta Capacli t arices of the Al ckend design

(assL.rg}q tﬁ% ﬁﬁﬁg Fd?%r tHA&! %ﬂﬂ{?g oft3h6a n‘ft %le%ﬁ'l %?B%Qnt o?g Séln

actérls

Al .desi | e |nt ﬁh cap es.
cu BB Phesald PemBatem Tt ﬁ.n% G bputar she,
.capaci tances of the Al design with inter-netal
thickggsa & PRAUEA c8R bt HE Bt BSHBRG 1 H@FCH&‘P@H () 0p2200 A
acconplished by tuning an effective dielectric
thickaess (lamt hoftoipravede melckad igiremstal eqnacitange insthe Cogigegn.
Still referring to FIGS. 4-5, the matching of
[0008i] er Shehthl diFampaicdionsiderstions neid foust gieenedpersiimgont the actual Cu
capaci tance between Cu interconnects 510 (51 Ca and 51
backind mocksé Beisedifop EtbriCationi o tler ICO keditis&zdGn (Ib2@adaitlin a later
52. ). Assumi ng no change in the active netal
section of this description, Cu process may use a variety of process schemes, including
single damascene process, via-first dual damascene process with a trench etch-stop layer,
trench-first dual damascene process with an etch-stop layer, and trench-first dual
damascene process with no etch-stop layer. For a Cu process that inherently includes a
nitride layer (such as an etch-stop layer), the thickness of the inherent nitride layer is
adjusted according to the above discussions in order to match the intra-metal
capacitances. For a Cu process that in itself does not require a nitride layer as an etch-

stop layer, a nitride layer having a proper thickness is inserted for the purpose of

matching the intra-metal capacitances as discussed above.
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| ayout, the only consideration to match the
capacitance is the effective k value (dielectric
constant) and the total thickness of the conbined
inter-layer dielectric (ILD) including inter-|ayer
dielectric (11,D) 517 and cap |ayer 514. Thus
inter-layer netal capacitance can be sinply nanaged

adjusting the. 1LIA thicknes s.\fol.l.ows: [ 00086
roofi* rSghon s itde s (. FRGR RIS DS FuRRRU oG B
tnr.n= tAn(kc""'/ky.*), 22 [00089] Wiere k,ar is th
mefgt diglestrig §INID) ipsylatioyy, therportins @?theayt&fie Vel %@Frr the mﬂa? pattern
in the original A design, which nmay either he a
(e.gsinegficas sarresppeding tythe beftormyocGwuiitereennieety 820apmnd 53fp)eshould
than one material, kc", is the effective k val ue of
destrtdy be rdmaved by nbeexadngye a vdit elcbing prasess aytehigh ndtidediongkide
inter-layer dielectric (I1LD) 517 and nitride cap |ayer
seldfidity.n the Cu design. [00090] In an exenplary case
where the Cu process contains a conbined inter-|ayer
[00083! €6t MdicHimyBlerinted] UahadHartcddf eHealLdckértl dediyf mSthaster-
shown (517 and 514), the effective k value kc of the
meaPERbORCdsYr e APWEkendiRliggt i ¢ | ayer can be defined
as: [0009I] kKc™ = (KN X TN+ ko ' tox )% ;r.). [00092]
re [ -
1008847 Abbpde iSRS sl | g SRR RUE pirisis
rocess t e .used, for fabricating the I.C. and the
of G F1eh ani i e Pl e <t et S S iow. 15 one
t hickness tr.r and the nitride_|ayer, thickpess tN, is
em*aﬁete?rmm?éﬂnwnfqrwt%l capacygicgs of the AF 6%@3}V1t5\vfttﬁ-mﬁél
above rel ations, the netal height hc" (which includes .
cappitanggstof thecogesnonding §y degiga mayieerermarishod by wpdsap effective
I LD thickness tu.D (which includes the nitride cap
dielectyie constdnit okméssnatal\didlestuielagersi ned or estinmated. The
total dielectric |ayer thickness
[00085]  Still referring to FIGS. 4-5, the matching of inter-metal capacitance is

illustrated using the capacitance between Cu interconnects 510 (510a and 510b) and the
upper Cu interconnects 520 (520a and 520b). Assuming no change in the active metal
layout, the only consideration to match the capacitance is the effective k value (dielectric
constant) and the total thickness of the combined inter-layer dielectric (ILD) including
inter-layer dielectric (ILD) 517 and cap layer 514. Thus inter-layer metal capacitance can
be simply managed by adjusting the ILD thickness as follows:

[00086] tup X kar = tar X kew,

[00087] therefore,

[00088]  tip = tar(kcu/Kar),
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deposited can al so be determ ned as the sum of the
nmetal height he and the ILI) thickness tELU These
results are used to further refine the primtive or an
interimlayer construction of the Cu design. [00094]
Wth the above described adjustnents on the primtive
| ayer construction of the Cu design an i nproved Cu

bt . The | h

10ofif8t PGy ha s eV R o olR oPAE et %?ersda%e% X lf’ ks
for the 1C which orjginally had an Al desig

original Al Slsdgn. pelighnay g pe ﬁamg@t%@iweb@ ) %@é}ﬁnqddayer of

further inprove the Cu, 23 design. | ary processes

moreghfroonn rsaietal Cicuristth¢ ¢lessve Is ﬁalge pﬁtbp gp ngmaql ttegtlaysr dielectric
described in a later section of the present

layetesdndipg inder-1ayed A3 rididL D3 § Fipdndaiitride camlayerdrié in 0 Gandsign.
one ILD related to exenplary netal |layers are

[00096] C u s @dexeBiplary basesaize: the Cngirgless doajainza @pfdineddnitelayer
other IMDs and ILDs in the |layer constructions of the

dlel%tn@ eSjeDmcRAthg!the didlect@SIagits ad shod@db17 &l 51ah, tROsBhtitde

above = di scussions assuned, for sinplicity, that al

Valﬁ’ kA Ry, n‘fblh&il e la?g ﬂ@ﬁ&ﬁ@ lzﬁf@fjce&l% dBhinedlgsi gn have

e same dielectric nst ant nitride layers in
desi the sane dielectric constant,
Woégg Cﬂ%h i oﬁqls@ﬁggbﬁ%&uired One who is skilled in

L1 readil p ci at.e t.he sane
(0o} e et o ﬁeﬁwéﬁgﬁz}g@%ﬁ?&w%ﬁ Hgerally
vari oys | ayers Mﬂth di fferent |electr|c tant
detg y the PasieylgCy prosess Ffé'ewse%#ia) (gbrigaing dier e ctidghe tota
00097] Cu rocess has its unique |ayout rules for

IL m&@w o %mgéow Bicknesy tmand theatyde laygr thigkness ty, is

existing Al layout, such as m nimum netal density,
detereptngvhy thbrdoami Gt h  and via rules. In addition to

mat chi ng resi stances and capaci tances as descri bed
[00698]V e Witlstheaberdredtioenthe nodtal theighphig g@hich iimheles themitaks etch-

provi de a systenmatic approach and
stop layer thickness hy), and the ILD thickness t; p (Which includes the nitride cap layer
thickness ty) may be determined or estimated. The total dielectric layer thickness
deposited can also be determined as the sum of the metal height h¢, and the ILD
thickness ti p. These results are used to further refine the primitive or an interim layer
construction of the Cu design.
[00094] With the above described adjustments on the primitive layer construction of
the Cu design, an improved Cu design is obtained. The improved Cu design may be then

used for fabricating the Cu metallization structures for the IC which originally had an Al

design. As discussed below, additional steps may be taken to further improve the Cu
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met hods to fulfill the process rule-rel ated
requi renents. [00098] Specifically, the follow ng
aspects of the design are checked and corrected if
possi ble to establish a nore robust Cu process.
General ly, however, it is desirable to acconmodate
the ori gi nal desi gn di nensi ons to the rraxi me feasi bl e
nl ess out correcti roce ns .
desfily, EieimaliBn e S0 Hboueop L BB Rs Mo Aeribed
spaces of petals and vias [000100] Wth a Cu design
in ao‘Btleé?et‘iB%P ok BePrRet dpSCHPHN Al desi gn as descri bed
above, a further step may be taken to verify netal
[0089He Eﬁm@ph@@, oplyzng YD andpns plald sclafiet ko gmplary metal layers
corresponding Cu rules. The original design dinensions
are diseugsede f Butdld saneqummpbdasebe dpplied breothendMmand AL Brin the
unl ess process problems nmay be encountered w thout
layg@toopstucti&ioy dfeled AbdesignMad éle Gndesipna I eddiién) glthough the above
potentially could cause serious performance problens

dis@ssiBNLRsrhIC Fdr@naplickiy OhhteMfoxaitdajhemahoCe dehigvadd the Al
assessed carefully under gui dance from ori gi nal

des%‘ﬁsﬂgg@ﬁl% s@the Hfé‘f‘ecﬁla c%ﬁ§chrg d bl nfAe Bk@rfs ol fhEe @u des%n Iz%lso have

diment, no c nels one on the total

thqur%l 1ele tg‘I% %ns(%it \G?l?gor%'itl eQﬁ%t r?ﬁﬁreqe'iﬁe v& 1§@lgﬁ;§d 1&1”@5‘&1

nom na

betvve the netal .|lines needs .to be eni ar
wilG R Betppiad G O S Gl oy S 4Pors o< frged t
scal i ng of the process characteristics needs to be
var@aﬁ@yerée’e@r%ffﬁrgpsﬂl? FCtH M AISng (e. g., photoresi st
atterning in dual darnascene process as described
[008%4] owp- Remigropibary [pe handic@EECtPINgnar i zati on (CVP) .

[ 000102] b) M ninmum via/nmetal enclosure and netal/via
[0069Ar | &y pr@BS:IOB its Ehigue Biyshtowkss & pexaaplobusifiess wieh may not
vial/rnetal enclosures and via/netal overlays in a Cu
be meft8rtho axisixig Arlajit.enth asihmimxandta dengtyysh@sinfin line width

i nterconnects 610 and 620, and
and via rules. In addition to matching resistances and capacitances as described above,

some embodiments of the present invention also provide a systematic approach and
methods to fulfill the process rule-related requirements.

[00098] Specifically, the following aspects of the design are checked and corrected if
possible to establish a more robust Cu process. Generally, however, it is desirable to
accommodate the original design dimensions to the maximum feasible extent, unless
without corrections process problems may be encountered.

[00099] a) Nominal sizes and spaces of metals and vias

[000100] With a Cu design obtained from the original Al design as described above, a

further step may be taken to verify metal size and space, via size and space with
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square single via 630, rectangul ar single via 640, and
via array 650, 660, 670 and 680. Cu backend processes
generally require a mnimum vi a/ nmetal encl osure and
nmetal/via overlay for via and netal connection as
i ndicated by the arrows in FIG 6. Sone Cu backend
processes pray require nore than one via (e.g., via
array. 650, 660, 67Q and 680). to, connect. upper and
corfeRBRingRLTeR; B8 e denigh )‘1%‘{“&1"“F Py @riErafpygeconpodated to
sonme Cu backend processes, rectangle vial (e.g., via
the gugsimuygp gxtgnt WNgss PEsess Grplars mapbe engeunipred gyithayl proper
properly according to bias buildup during patternin
corseiaenss detdleod Yo esicing peigntmlincrelidsiausg satipusaedforeanse pypblems
rules ?s [000105 In sone Cu processes, the design nmay
or aver thnthormd ppeblemaianfl tireecfoiershodd bs askssad carafollyumlasigdidance
(e.g. 15 m and a maxi num netal density (e.g. 75%in
frorh @Bigall @igner e AYdaighd aivon©prefbl iemba@ithext, 86 Ghange is done
st eppi ng w ndovv) In case of such violations by wde

on (KBl 1bdgess mégduct i on of netal width and netal
ensity nmay be necessary. This may be acconplished by

d
[00§‘ﬁiel?‘ Syig agég%t{&hg KRET S Wi%lEIOtBH AhresRblddvid "gg gk'toﬁ glr?

eof . Ing I's generally nore prefe

net.al i ckne cont.r ol .reduc tal, width,..an
norf B0 Sy A S B0 R b iGIER Ok Suiallel Vg fRfareec

rocess generat.ions finer an Al processes, there. is

SPaLTURRGY S FIGLL FPni 100 0 9L HhF PSS RaFAC T Rl o be done

wdth in Cu processes. However, such constrains, if
accondgiely mynattering (Fgy Phpterssisepaligring ingyal danagcese pracsss as

met hods. [0001071 FIG 7 shows an exanple of slotting.
desgyihedibglos) and CherpispeMicelgsicalNlanagizatiope@dPlon wi de Cu

i nterconnect 700 to reduce the overall netal density
[000F02\ HEMGumunt Eep/owtal eotlosurdihd Maplivdabvelagt si zes and

excl usi on distances are defined for each circuit
[000E3) g FIG.gesheva hh exampio vLs@ie vidhiétdl dhosdtesShd bviadmgalrdyrlays

be used if there is a special condition
in a Cu interconnect architect. The example includes Cu interconnects 610 and 620, and
square single via 630, rectangular single via 640, and via array 650, 660, 670 and 680.
Cu backend processes generally require a minimum via/metal enclosure and metal/via
overlay for via and metal connection as indicated by the arrows in FIG. 6. Some Cu
backend processes may require more than one via (e.g., via array 650, 660, 670 and 680)
to connect upper and lower metal lines if either metal line is wide. In some Cu backend
processes, rectangle vias (e.g., via 640) are allowed as long as the vias are sized properly

according to bias buildup during patterning process.

[000104] c) Maximum metal width and density rules
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requiring a change. 10001081 d) M ninmum netal density
and dunnfication [000109] Sonic Cu processes have

m ni mum metal pattern density rules to avoid poor

netal etching control and to afford CMP neta

t hi ckness control at: all netal levels. Wth such
rules, the total netal coverage at each netal |evel on

d |
oo e?fh%%n PfC?SéFSe & dsrigRaty nefﬁht@ %faggvﬁ'”wﬁe@ws@@ts ofa

ne t al et the mnm ns
maf B PUTBHE 13 KRG S AR RGN (@i D300 thE a0
operation f|IIs an open space by inserting dunmy netal

Stew& BHHeW; ¢r &3 Bt X3 QOest@pmgowdw) dn cagEef ﬁu@ooolatlons by
steppi ng wi ndow or 10%in a 300 x 300 stepping

widgimgiahijnes, 261ucd00efingtaryidth Bdghdelsicasityonand recedsary. This
dumi fi.ation. Cu dumm es 810 are inserted in wde

mag hptgeosplised BYAdjustingCu dhadmetsheonidp adr adenbirtayion {Bereof.
dumm es 310 maybe nade wusing an automatic fil

Slo@tngas géndrallguiord @ref@ysduhandasthifickhéss aeitkid ko fealidd &bl widih
dummies may be introduced by a fill algorithmduring

and &K deakityng. The chip preferably should be conpliant
to all netal density rules before delivery to the mask

[005“%2 Qe{us@ éggp(#c%sses §c9)§3grgg LOGERRMS gﬂgrythﬁr?ﬂrhxro?ests&aﬁlere

oatin &t groun

is g??éor\% yr?(bg n%%-e?lﬁ (&3&?1861 i 1nt r?neughdlilétgl%ﬂdﬁ'l oy uogﬁ'ocesses However,
oPC rocedur e 1000111 n addi.tiqn to th Vv
SHCE SR RISt Bt S G0 st died bepe e %ﬁ,
esign _converted fromthe original desi g

lOO?tQ?ﬂ i €K Trhews an eyarale Pé@tﬁiﬂ@&) Mv&t}ple &p@domrémpbﬂoe@e mgde
the verified layout data prior to mask maki ng. OPC

on wilgfasintgreonneah {/8e thaigducs thaxerd metabdansitnoff wide IGutiptessannect
resol ution during wafer processing. 10001131 OPC

700c dppiedtsiad nizesandtexniusiah distapersearadetheld yormmdetirduitsiesigor
rul e- based

generation. However, any rule of slotting may be used if there is a special condition

requiring a change.

[000108] d) Minimum metal density and dumification

[000109] Some Cu processes have minimum metal pattern density rules to avoid poor
metal etching control and to afford CMP metal thickness control at all metal levels. With
such rules, the total metal coverage at each metal level on a chip needs to have at least the
minimum metal pattern density for Cu process. One way to increase metal density to
meet the minimum metal density requirement is using dumification in which the mask
operation fills an open space by inserting dummy metal patterns if necessary (e.g. 20% in

a 100 x 100 stepping window or 10% in a 300 x 300 stepping window).
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al gorithnms to produce appropriate correction shapes
for layouts, which need to conply wth design. rules.
In accordance with the present invention, it is
preferred that any non- conpliant |ayout to receive
custom OPC. These OPC shapes may be applied in
parallel wth dumy placenent, and the resultant data

[]es i nmer ged | | f. t her i in. of the .
100hio]® PR WRes! S Bk etirona it § i inseried in
speci al data treatnment may be reqU|red to prevent.
Wldﬁﬁmﬂtﬁgspé%%@ tdnGrease ﬂ@ﬁ%et%lﬁ%ﬂ%ﬁwwmeﬁé ppay be made
~addi tional _cover layer) that may breach the
usingean Autenasistiilbalgeri kg Byontsicsigas 51 angual Prbocatinedummies
| ayout may receive hand drawi ng or custom correction
may bpantmtieled by b30Ddgerithivtbiehg baslethakingoThe bhip predigrbiey siseidd
to address conplicated shapes and interaction with
be Suiplianind ial @ngedl tdesitySuled befsratrYivary dethelnhdsk elgopa Hoy example,
process window. In 27 lower |evels of |oca

somd ¢ epoeds@Ghay Utk @at &{ahpdurﬂmﬁ B No#nY NBhad gréudd¥®)or that

narrow |l ines next to a wide big piece netal may need

t [ h
e b B e B B o P P T over space may
0ol eesagglggg'pggf iy @lokoifon PIEAG L E@REECESSOr Wi ndow

t 01161 | hi
oo BT PR OB e n‘%a”%dea%?s@?me??% g (o Cy
guard r|n general | y needs | ete, unbroken
desyginﬁ@n‘éﬁr@é %r@mt the ogginplal %ﬂét@v@PCéﬁpﬁcaAPg&mm ERgeiioppmay

he guarded and serve as a continuous edge seal. The
alsqyorsnlied ieghaverifiad lavauk data priprap eask makingc iQA] shapgsaare

| ayers, should be reseal ed according to the Cu process
intendefLomeaximize pisera fidgljtywindirdselmédn durargdwatengrosdssiug.d be

free fromOPC treatnment. The clearance distance of
[000118] g OOk ofdettipnain dtoadcdllyezehdrated by arodehieasad b rnake-lehised

field are dependent on wire bond or bunp assenbly
alg6Hthm® ASprodutehppRopiae oRbdtRE shies BR38/06R1 Rhich need to comply
with design rules. In accordance with the present invention, it is preferred that any non-
compliant layout to receive custom OPC. These OPC shapes may be applied in parallel
with dummy placement, and the resultant data files may be merged later. If there is in
any of the data types a NO OPC ZONE by customer requirement, special data treatment
may be required to prevent making shape corrections (such as creating an additional
cover layer) that may breach the requirement during mask OPC processing. Protected
layout may receive hand drawing or custom correction separately.

[000114] Model-based algorithms may be used to address complicated shapes and

interaction with surrounding patterns. This may widen lithography process window. In
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Connection (C4) bunp assenbly. The Cu guard ring
preferably should have no vertices except for the 90
angl es whi ch occur at corners. 10001171 9. Fabricating
the 1 C based on the Cu backend design using Cu BECL
fabrication process (0001181 When the Cu design is
conplete, it is then used in a Cu BECL fabrication

rocess.to fabricate the I.C T t ceqrding to,.
ot 55 B o btroRe<D by Wl LB e NecRS BB Bt bges
BEQL fabrication process. Because Presentl there is
nex ip %W&fﬂt lg:auecq@mg@ar Bredde bppiged wto avpid mmyb« Bipacigallows
subtractive processes as used in Al processes stil
such ApFENZHA Sllllggttljy wisler Brenndunarawer sropmiEey dicrdass yieldiasd give a
reason, Cu backend processes generally uses damascene
widst bepressssain wdindosiomsl etitr deptpusfifecust chi ng of Cu | ayers.
28 Presently, several schenes, including a nunber of
[000Br5] ai8i Onkerebnsdargiods damascene schene and dual
damascene schene, which are described bel ow, maybe

[000SEs]. I QRkldPlicaionSi AG Q.la%'ﬁ?%%‘iﬁjﬂoe(éa@@@-%%e EhGesigh. The

shows an exenpl ary sequence of process steps used to

chi%@@ﬁa ?ing géﬁe’i‘ﬂi ceOITRRCRBp A, ShERRAEAL: b g r%f?tire active

'ngl e mascene | nterconnect schene Is use
. & ' I ] nect or [ .
ohif RTPeE1 QL TRLEber CREL GRS Bbe Sl Bre qugra g
ither forming.a netal inferconnect or a via. Fo
al Gk gy Sty /Ao Sbald B TS alisePiging o rchp ooess
to forma yia. (000121] As shown in FIG_ 9, at step 1
reqt“ﬁf‘én"é’ﬁ-ﬁ%-s'éaméfp"lﬁ 5@'@% gt@i%me%m@oh? fierfFqry OPGr tregfmeng, ﬁhe
carbide for inorganic ILD), inter-layer dielectric
clegragredistancppt the guirdingand pirihsring dtosithe grtivechn fieldiage, or
lowk dielectrics), and antireflective [ayer 930 (ARC
dependsxi olewite bpindier) buameassehelp sptied, selue fvntadlled. Collapse Chip

Phot oresi st 940 is deposited to pattern the vias (or
Corirreetiah(@%l) bimp ssembly. The Cu guard ring preferably should have no vertices

except for the 90° angles which occur at corners.

[000117] 9. Fabricating the IC based on the Cu backend design using Cu BEOL

fabrication process

[000118] When the Cu design is complete, it is then used in a Cu BEOL fabrication
process to fabricate the IC. The method according to the present invention may be used
for any type of Cu BEOL fabrication process. Because presently there is no practical
method for etching Cu, the conventional subtractive processes as used in Al processes
still cannot be used to form Cu interconnects. For this reason, Cu backend processes

generally uses damascene schemes which does not require etching of Cu layers.
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process is to forma netal interconnect)., 1000122] At
step 2, via space 950 (or trench if the process is to
forma nmetal interconnect) is etched in the

di el ectrics. The etch-stop l|ayer 910 is etched through
in order to make conductive connection between the
via (to be forned in via space 950) and the

er | er. 90Q, which may be .a nta Vi a
Pre%F"ﬂr&SS%fn]rﬁﬁé?‘%%nW@ 1ng FH%V"GHU%S@ §’cn|gf?éia{]1aé CeNARC eme
ste 3, a nultl-laﬁ barrier/seed film955 is
'g%qniaé%?nsychewow ish@ra drecrihed bslese magdo usgdat has been
etched out in dielectrics. The multi-Ilayer
(006K | er SgwboDdmesxe855 may be a TaN Ta, TiNTi, W and
ot her binary and tertiary filnms (anorphous filmis
[000120] e FI@ P dhows be ttenplamytsequieaceofigirddess diepsunetttiol cydarep 5k
or oxide). The block Cu 960 is then deposited by
dan®ls&gik itplcadiiebstfustued Shhgle Ahmsdcefk ikterdonfedd ddHehRlis hdy €6r
955 and top Cu filmof the block Cu 960 are renoved

credihgEiier’d REMIBLRADNARP YL 1AEsephthalchE el"}%gfoﬁ’éwﬁlg Qedckipti§20,

| eavi ng the remaini ng barrier-|ayer and

app[18§1?se§tﬁg‘ ﬂoﬁmﬁg Q/n'iertzﬁ nﬁ‘tgr 0 ag\ﬁQ F%rjk?fuﬁ?tﬁo(v%v&’aﬁlg rocess

ace i s thén covere dep05|t usi on barrier
| av. ? idicon. nltrlde or silicon carbide for
is descri ed be |a orni a via.
|norgan|c or "oxi'de for organic ILD) to

n sul ate i nterconnects 960 (ste
oo 3% Sh e HAET Y. Fteeio&ﬁﬁgfhéf@ e Bremigpgp Siicon
l.ayer for the next Iayer not sh Hi) §0001231 In the
carbig for innrgasie B pingedasedic %tcalayer( )20 &onide. Juprdpaigded
by single damascene process. Single damascene process
siliqon cxidsoonipivty dielgctrigs)f aitskantizallsctien lgyar 3@ kARG-@iside nitride) are
i nterconnect |ayer which is initially designed for At
depositedsequentalyr Photogdsist 040 snieposited td pettenhthp viaCtoritiendats dfthe
metal and | anding via, such Al wires may have an

pro&spab féraf 4 Mefahitercandedtho hi gh (e.g., > 5) to nmake
void tree gap-till. As a result, two single damascene

[000T22F €3S §i3p 2T Ha YSRE 95@ (drRndH ﬁtﬁea;wesm% M mb@yer
separately. Single damascene is al so
interconnect) is etched in the dielectrics. The etch-stop layer 910 is etched through in
order to make conductive connection between the via (to be formed in via space 950) and
the underlying layer 900, which may be a contact, a via or a metal interconnect
depending on the structure. At step 3, a multi-layer barrier/seed film 955 is deposited by
PVD into the via space 950 that has been etched out in dielectrics. The multi-layer
barrier/seed film 955 may be a TaN/Ta, TiN/Ti, WN and other binary and tertiary films
(amorphous film is preferred for better interface with the underlying FSG or oxide). The

block Cu 960 is then deposited by electroplating (step 3). At step 4, the barrier-layer 955

and top Cu film of the block Cu 960 are removed by CMP from areas above the surface
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the process to generate MPMinductors in a BEOL fl ow
of RF devices. [0001241 b) Dual Damascene 10001251
Unli ke single damascene, dual damascene schene forns
via and trenches for netal interconnect
simul taneously. There are a nunber of different dua
damascene schenes known and used. [000126) FIG 10
h exenp| ary sequence of process steps used to
of 1By 19 870, GRS the et eGiRh BATiffr @Y GR LU0 00 eroset evigidieRe
the via-first process schenme with a trench etch- stop
spafak . Thagniire wafersyfaep i themicayeradby depositasiyliffusien pasaer layer
via-first approach, dielectric cap |ayer 1010
970 (silicom vitridei arsiligen carbidpfar0perganie e orexsle-fot @garialldd) to
1030 (silicon nitride or silicon carbide for
compleelgancapsilhie,coper dnterdenteots 960 gy 4). MhPdhrrict hafyered70®ia1 also
dielectric (IMD) 1040 (oxide, fluorinated oxide, or

be ANQEDABH Blyer BRMHeGekiOWyd \nARELWEC 1050 are
sequen??ally deposited on the polished netal 1000 of

[00b13] PR:Pite A3t dkikRbny Clipbdcoued Mikai30s BRAID (- BY Bfplc

usi ng photoresist 1060 and etching to formthe via.

A3 N . N
dnFRRGE PO, idle Hfseble ey sl bl M RO BB ik
at.in ARC) .ari d/of. .phot oresjst,. 1075 are ysed to
slofft bR el BRRRERE by 402 BB it of
the ghiJB? 2ok %ﬁr&%l grfld ndiag 9%;’ 1B &3&%2{&% Gite o Saett Jatio that
. devel opi ng, the subsequent trench etching is
is tenigh -t 2 &) tQtmakeaipichires gan-Tdl. ofs a reaylbtwogigle dagagqene
becones the trench bottom Cu is then deposited into
proggsgascie UsRd (0 wndia lakier apid anetg) dayer sapdeately. hBingle dawhscenoi also
to formvia and trench sinultaneously (not shown).
the p26k28 gedovat Mihimdoaos in s Bf€iefilal byRiulkeices fi ci ent
because it forns the vial and the trenches
[006129| bamealUBhiadcesd ead of separately as does a single

damascene schene.
[000125] Unlike single damascene, dual damascene scheme forms vias and trenches for
metal interconnect simultaneously. There are a number of different dual damascene
schemes known and used.
[000126] FIG. 10 shows an exemplary sequence of process steps used to create a dual
damascene interconnect structure using the via-first process scheme with a trench etch-
stop layer. As illustrated in FIG. 10, at step 1 of the via-first approach, dielectric cap
layer 1010 (silicon nitride), ILD 1020, trench etch-stop layer 1030 (silicon nitride or
silicon carbide for inorganic ILD, or oxide for organic ILDs), intra-metal dielectric

(IMD) 1040 (oxide, fluorinated oxide, or inorganic/organic low k) and ARC 1050 are

sequentially deposited on the polished metal 1000 of the previous level, followed by
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However, in the dual damascene schene illustrated in
FIG 10, trench msalignnent may cause unfill ed
partial via (mcro-via) and dust poses potenti al
reliability issues. For this reason, the dua

damascene schene as illustrated in FIG 10 is |ess
preferred unless anple alignnent tol erance is
ubsti t ut

rovided in the in tare
o} LS palnd PligarPoiacon 57 it o Mscib i Jo skl e
e appropriate. [0001291 FIG 11 shoms an exenpl ary
ngg@ﬁ%nce of process steps used to create a dua
damascene interconnect structure using the ) _
[009127 c K\t pliep 3t fol paneshotesisteenigviah adotipra gatireflegtion coafingp
layer. FIG | 1 shows previous netal |ayer 1100,
(BARE) awitaripbotorgsist Hy/idrard ustd t¢ Bll ghe, via $070. cAtrstapi 3, phatedesist 1080
I LD 1120, netal etch stop |ayer 1130 (e.g., silicon
is dapdsitedier) topl dYRARICLAAK0 to fARCrdrkbh @ichflgqianerds iAs tsteph Y6 8ker photo
trench opening 1180, photoresist 1170, and via opening
expbd0 and develdPinl! @B Glbskhucht traRROAGTY is bAEPSiRte@REMENRE etch-stop
1180 is forned first and via opening 1190 is pattered

lay@N 0BH! ewlﬁ&l?ﬁ‘&gmteg BRIt r@YISRﬁ&&EBI)SI&H%b ftﬂeﬁ&pfo% and

t opogr aph y as shown in FI'G 11. This may help reduce

the ';/faes%?&:l{ \élﬂathe %ﬁo‘iﬂ@ﬂ to H)‘i‘l%h)lae R t?e%ﬁf %%T%ﬁé%ugl r?c;lt sh n).

rocess schenme shown ase ()

I artla i as : avoi de
oo, ERAERsseeh?in e YF%S“%%E‘&PEFWE\‘ES%?@“’P%@F Viaddnd the
D.IND t hi ckness._ i cleared. (000130] As wil| be
wentfips Mop A e © EPApifEY S EREnSIEEE dAmAITeRs eheme,
may skip trench etch-stop |aver 1130, and use tined
Howevemi in ¢he ®ab@qms6€rneusmemedﬁu%traéq¢dn Ffgpkh trenghyrhisaligmment may
arrangenent, sone variations in depths with feature
causg yrdiligd pa@i@hviia Onsronia) el quwsf peses petylsal tipbitityeidsues. For this
Insertion of an etch-stop |ayer 1130 beneath the
readongthe ldualamawese sdhemoahilbhepitbd BAFIGE 00 isdeds prefadsd dimess ample
hi gher capacitance, since commonly used etch-stop

alighBleBl toRtfhcé B @ovid& initEOmital Hésighe A WsubbtituOthe GRAM-BR)
exhi bit higher dielectric constant than

approach as illustrated below may be more appropriate.

[000129] FIG. 11 shows an exemplary sequence of process steps used to create a dual

damascene interconnect structure using the trench-first process scheme with a trench

etch-stop layer. FIG. 11 shows previous metal layer 1100, dielectric cap layer 1110 (e.g.,

silicon nitride), ILD 1120, metal etch stop layer 1130 (e.g., silicon nitride), IMD 1140,

ARC 1150, photoresist 1160, trench opening 1180, photoresist 1170, and via opening

1190. In the trench-first approach, trench opening 1180 is formed first and via opening

1190 is patterned on the etched trench, which may present significant topography as

shown in FIG. 11. This may help reduce trench/via alignment problems as compared to
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typi cal oxide, FSG or lowk dielectrics. 10001311 FI G
12 shows an exenpl ary sequence of process steps used
to create a dual damascene interconnect structure
using the trench-first process schenme with no
etch-stop layer. FIG 12 shows previous netal your
1200, dielectric cap |ayer 1210 (e.g., silicon

nitride LD 12 230, . phot oresi,st 1240 (far.
the PifistiThicohAGTE SOt BTSP o GolrSos By eyt g Vias can
etching).. In the dual damascene sche in FIG .
be aypided §Yusing SYERICALLVCF FICAR TR ERME @ﬁﬂﬁ?@gﬁw higkness is
etch-stop layer 1 130 in FIG 11) is used, and the
clegred-S and | MD are deposited sinultaneously. In fact,
the sane dielectric 1220 serves as both the 1LD and
[000ND] Rsivgllibs iltustatad 81 FiE0 42, thé $abemi veovarpimridéic b1 wiay kkiphe
shortest process flow and the best cycle tinme, and
trenicheghatopdager d €30, ned uspimabathingitosoneolapiial watch desth. With
dual damascene schene shown in FIG 12 may be used in
this@irfal8smdnil &oe Fafiationk irddeptzavith RAGH-dide @ locabpiy @B waker
illustrated in FIGS. 10-11. (000132] in cases where, a

ma% E@ %ﬁ%ct%&i%sﬁigﬂ of AY&Eh-bSp w3eA1 1|(3@-lﬂn¢atﬁ e t&ﬁ&?ﬁ?ﬂx&ﬁ‘:@"m

, two different "dielectric |layers may be
e A BRSSP Y S R R o
081 e AR S DGR S i o i o
ot e BSPEr MPERIGEIETs a6 fragi | o | owk mater| s
wi t h reduced nmechani cal strength and thernal

[008 bHd u ETG vi2tshows an precsmary §eaignsq ipresess stgasable crggte a dual

sufficient planarity within wafer and within die is
dangasgeniedatercomnetbgivciuranseng thateeemiisyproeest seiemeeath magiclostop
via holes or |local interconnect wires. The rough
laydro G oyshotve pegvious maemal Godr 100 pdiBle@ripndp laged 1216 &us esilicon
irregular netal |ine shapes or unopened vias if the

nitrfde§ALDEIZDI ARC 1286, 856t08060:€ EZR) (Fhi@rehoh ECRASE afi@pigRordist
the depth of focus. Like ILD
1250 (for via etching). In the dual damascene scheme shown in FIG. 12, no intervening
trench etch-stop layer (such as etch-stop layer 1130 in FIG. 11) is used, and the ILD and
IMD are deposited simultaneously. In fact, the same dielectric 1220 serves as both the
ILD and IMD. This is the most cost-effective approach with the shortest process flow
and the best cycle time, and thus a more desired approach in some applications. The dual
damascene scheme shown in FIG. 12 may be used in either the via-first or the trench-first
approach as illustrated in FIGS. 10-11.

[000132] In cases where a trench etch-stop layer is used (e.g., the scheme shown in FIG.

11), two different dielectric layers may be used (not counting etch-stop layers) for ILD
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pl anai zation in Al subtractive BEOL process, CMP can
be used imedi ately after |1LD/|IMD deposition to
planarity dielectric surface topography inherited from
underlying layers. Insertion of a CMP step, however,
i ncreases total cost of process, and therefore should
be selectively used, for exanple, to facilitate

and NG s o PR it e it S St g

. fanned fron1 mul ti ple stack layers. [0001
Wltg'ﬂﬁg@we&}( Ha8Le Hind 2 MR la@ewhﬂepta@ stigrplrend %%}edféa/hd?/ tevel.
as does al um num Al assi vation bond pad structure
The kowi-la BDcappragcliisreapeatss toseqpinarsaappliestiotuasfiragdle 1dw-k materials
depositing and patterning a nulti-film passivation
with agdeced mpdhehicalastrengh sind theomal nbhdvicteity ax beeondng ewiildele.
nitride. Subsequently, PYD depositing, patterning and
[00013%)i Mhe ahftivienicplSiavicly WithinReaféraind fithid Hie iPaiRhMa tftAdiitate
| ayer are used to form bond pad term nal over the

patt¢RERs dHfimdedtiredVof ViA%oles Oy R@4l1hteFcohbelirks | THH r@uéﬂ' topology
binary films such as "fail and Tag is used t

L 0 458 O S g o
the%%??ﬂﬂfg rgc%l ﬁ!&&ﬁ t]? {ole?a.cngz: zﬁ%g PP ﬁlecd%@%l F;daérl}.g Lige ILD

€ surface o I hal

fer e he chi acka 1 351
plagifiinindy] SH'étFac BB ohpicht KR ulbs B e it
ackage), the omonl y used under-barrier
ILQ{L\’I& ee?sgﬁl%’sm@mam ‘%EIFWHAPWCBQROE%&/’ instited drom underlying
atible wth Cu netallization. New barrier
laY% atip of HEMIbEem foweves) ippreeses thtal costrof orpsessusng therefore
sol der materials from |l ead-containing solder materia
shopld by selepip@hSmed, fohexgimpld, éathciPit:d® EBography patsdiogwmathe aper
etc.) to lead free materials (e.g., SnAg, SnCuAg, Sri,
gloled] intgrecomiettlaydre wireteadcyrntigti coppegraptye b3&] folh&d from
present invention provides a nmethod enabling
multipl¥ysteRtdyers. of an 1C

[000134] Since Cu does not form a self-passivation oxide layer as does aluminum, Al
passivation bond pad structure is fabricated directly on planarized Cu wire, by depositing
and patterning a multi-film passivation layer, which can be silicon nitride, oxide or oxide
nitride. Subsequently, PVD depositing, patterning and etching alumina stud on the top of
the passivation layer are used to form bond pad terminal over the underlying Cu wiring.
A barrier layer (single or binary films such as TaN and Ta) is used to interface Cu wire
and Al pad. As an option of chip end conditions, an organic passivation layer (photo
sensitive polyimide or BCB) can be coated and pattemed on the surface of the final stack

as a buffer layer between the chip and package.
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originally having an Al backend design using a Cu
backend process without requiring either redesigning
the I C based on Cu backend process or using an A
backend fabrication process. The nethod according to
the present invention maybe incorporated by a

sem conduct or chipnaker in a process for usi ng Cu

0 abrlc e an origin a
(00 Er i (305 bl rispaahde Ap%aﬁ S50 e i
the fol]low ng steps: [000137 recei ving an Al
conyragnly qudd}ndﬁlh'éam@f mftelé}yglg@fmm iBAAY BHYL) mgerot be
construction of the Al design; [000139] (c) natching
conppatigle widsCw metadlézation. N bajricg earmppsites arh befag developed for
resi stances of a Cu design; [000140] (d) matching
varioms bempetldér mapaads framdesl-ahtaiding soMler ciessériph (ang.; PbssSnss, high
intra-nmetal capacitances of the Cu design; ]000141]
lead BhosBim} alira@w lpheretdplodéadcioganittdle @.g0f SiiAe SACu Mg Sngbic.)
with inter-nmetal capacitances of the Cu design;

with @RQkded yifg dopper.i fyi ng the Cu design with a | ayout
rule check tool to identify a violation; [000143] (g)

[00{)103(% 2 Q"RIZ Flee(sﬁt Avhdi rbgﬁgst 3 1fn'eff1g11 'elfxab'ilﬂg rfz?mc%&gf an 16

( generating final Tayout
o RN g B P PR I SBORE

ctngEfieatin i B ra R e ?rbﬂifbg"efnd@sbaﬂfeged i

t.he background, sone embodi nents of the present
fabricatioR PresAssnare prsihay aceurdvedp thepresshtdpesntipn may i iggorporated

by a semiconductor chipmaker in a process for using Cu BEOL to fabricate an IC
originally having an Al backend design. For example, the process may include the
following steps:

[000137] (a) receiving an Al design for the IC;

[000138] (b) obtaining layer construction of the Al design;

[000139] (c) matching metal resistances of the Al design with metal resistances of a Cu
design;

[000140] (d) matching intra-metal capacitances of the Al design with intra-metal
capacitances of the Cu design;

[000141] (e) matching inter-metal capacitance of the Al design with inter-metal
capacitances of the Cu design;

[000142] (f) verifying the Cu design with a layout rule check tool to identify a violation;

[000143] (g) fixing the violation identified if there is any;
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[000147] (a) equi pnent sharing and cost saving;
[000148] (b) flexibility of product m xing; [000144]
(c) limted additional product design effort; and
[000150] (d) relatively fewer process steps than Al
BEO . process and thus anore cost effective
production structure. 10001511 Furthernore, inproved

tio SISt e of cop al  ows hi gher
[00@%&1& gﬁlger@ﬂll%tné‘? Fa O Ebsf’e% lf[’)%‘{l ng desi gn,
% in better rellablllt%aand per f or mance, t ha
l00N45ﬂre£1&f risattngdhe 1G based s fhefry designwsing iCyrBEQL Habrication
particularly suitable to enable Cu BEOL process to
proggghuf act ure |1 C devi ces previously designed for A
wirer/Wplug interconnect, such as nost of the
[0081463 t ImyjewOf thesiugmrst staus ¢ s@hicongiuctor hdanufacamigg ndusthy ass
m t echnol ogi es. [000153] This invention is applicable
destribed iv dicibathprofndGongy @niesihasntaolthe picsdit aivietiion BENBIRS ,
i ncl udi ng process options described herein and further
sevéraBid®enthgestim@udigd:| ow ng  TABLE; 1. TABLE 1: 'I'yres of
Copper Processes Option A Option B - ------------- 1

mo&ﬁﬁ?eﬁge&n&ﬁmg%ﬁ5n%§mg§ggng %ngle da nascene ......

ern sequence Via first

[OO(HAQT ¢ Eb)fﬂe;n%shty of product mixing;

[000150] (d) relatively fewer process steps than Al BEOSLSprocess and thus a more cost
effective production structure.

[000151] Furthermore, improved electromigration resistance of copper allows higher
current densities to be used in existing design, resulting in better reliability and
performance than Al metallization.

[000152] This invention is particularly suitable to enable Cu BEOL process to
manufacture IC devices previously designed for Al wire/W plug interconnect, such as
most of the existing IC designs for 0.25 um, 0.18 um and 0.15 pm technologies.
[000153] This invention is applicable to a variety of Cu processes and integration

schemes, including process options described herein and further listed in the following

TABLE 1.
TABLE 1: Types of Copper Processes
Option A Option B
Process type Dual damascene Single damascene
2 Pattern sequence Via first Trench first
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Trench etch stopper Wth stop layer | Wth no stop
| ayer 4 ILD Planarization Wth ILD CVP Wth no LLD CWP
5 ILLEVINLD Dielectrics : Sane materials i D'fferent

+ oara al o O0O1E 41— The-—ahb Adoceri nt i
UULJI=T L LA 2

T \'4 QU1 [Jl. I L) I II
R ST S TORPehng ol SR 7 |11 b S0 i
nét regdr Plenanzatlom/any vaWigt H@w@Mj’f th e WitheniLiDoGMA |

SO APAADIEickict MOS Psfiho ndithials et Is
eview of t Lscl osu = \_/a_r_l_g_u_g_f_eaj

aspects of the above- descri bed disclosure may be used

individually or jointly. Further, the present
(0001548 | Fheirkove dassripion tindlidirgithe spesHicatiombyt drawings, is illustrative

envi ronnents and applications beyond those descri bed
andhet sistmictive. ety vatepans ofrige fnveronivall ecaakeappsnt iotthesa df
scope of the specification. The scope of the
skill v hit @porsieOidivbf thib diselbsure., Vagowataums Bedlaspedts vf théabove-
reference to the above description, but instead

desémuld@schﬁu&%@rw d&&ijm\dﬁxﬁdhaﬂ?%ﬁfoﬂﬁ@e Huthéh thepRREMABL osure

laims along with their fu scope of equivalents. In

can%g%ltlhké?ﬁn ah§l nﬁﬁﬁli)ér okf € \Fl?dﬁﬁ&ﬁ’rs gg {Z‘}hﬁtatl&{é%egs 35 g described

conpri si ng, |nc Gd :Pg, avl ng,
here18 A ﬁthgtrll ggrtﬁc‘ig tb {oaXer_[sﬁfnet ?g(? gﬁo%g PPﬁe sﬁe%?ﬁi qupn, Te}?en
I
scomiﬂﬁe Ry %esirea‘ﬁﬁb% e, S e e e BhSve

clainmed is: A nmethod of fabricatin nicC
emm ‘aqthrgsteaééh%ﬁi bs Agerningd with EheRRedo g*@squﬁldﬁs\? faites a
first metal to a second' backend desi havi
alorgewidh dlerff,ftﬂélsqoméﬁ@wﬁlmv@@ﬂdﬁgn,dbwﬂ?b%@gognwgéhaﬁ fhegerms
| ayer construction of the first backend design,
“comprising,” “including,” and “having,” as used herein, are specifically intended to be

read as open-ended terms of art. The term “or” as used herein is not a logic operator in

an exclusive sense unless explicitly described as such.
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constructing a primtive |ayer construction for the
second backend design based on the |ayer construction
of the first type of backend desi gn, matching
el ectrical characteristics of the first nmetal with
el ectrical characteristics of the second netal,
generating a second backend design |ayout for the
second backend design, and verifying the second
backend design | ayout and €bAIMESt i ng vi ol ati ons;
providing a substrate; frontend processing of the
Whaubshinatdes: and backend processing of the substrate
based on the second backend design layout. 2. The
met hod of claiml| wherein: the first backend design
conpri ses an al um num backend. process the first

1. metRhcamIpTifssiathii [TBmpRéngecond backend design
conpri ses a copper backend process; and the second

mtc@hv&‘ﬁnggﬁ [ %a&@:ﬁ@ Qesi gﬁ;ha\;mg a Tl BR4a196 2 Sb@nBMhckend desi gn

wher el n taining |ayer-construction conprises one or

nor e ra ers I ncluding netal thicknesses,
hav%nﬁiacsfﬁ(gﬁs%gg of" hlerr?flé?qugg}é% QB8 ric | ayers (1LD),

37 thicknesses of inter-metal dielectric |ayers (1NMD)

and di elWERIPE laysheqngipctym ddbniicst Brkerd desihat er i al

(ILD) or IMD). 4. The nethod of claiml wherein

mat chi ngoes$tawsting e arimitieg laptresonstriction ¢ér thsecond backanddesign

second netals conprises matching netal resistances of
basddnm the tssfer endtraavongd thafiisenge d€dackesd dessgn, The net hod

of claim4 wherein matching netal resistances of the

first ariﬂatélﬁﬁ%’Bl@ctﬁQ@l@hﬁfh@teﬁ@ﬁésgfﬁh&ﬁf@He&@$vi§10alél&}@rical
second netal thicknesses.
characteristics of the second metal,
generating a second backend design layout for the second backend design, and
verifying the second backend design layout and correcting violations;
providing a substrate;

frontend processing of the substrate; and

backend processing of the substrate based on the second backend design layout.

)3 The method of claim 1 wherein:
the first backend design comprises an aluminum backend process
the first metal comprises aluminum,;
the second backend design comprises a copper backend process; and

the second metal comprises copper.

3. The method of claim 1 wherein obtaining layer construction comprises one or more

parameters including metal thicknesses, thicknesses of inter-layer dielectric layers (ILD),
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6. The nmethod of claim5 wherein scaling second netal
t hi cknesses conprises determ ning a second netal
t hi ckness corresponding to a first netal thickness
based on conparing first nmetal resistivity with
second netal resistivity. ?. The nmethod of claimb5
wherein scaling second netal thicknesses conprises
determ ning a second netal thickness corresponding
thiclgnessesoif intetmpetal Rickdetied aydsa 64D bindadiclsstra canstan of é%cmdtlelectnc
of a nodel for the second backend design. 8. The
matenid] KB of IMDai m w wherein the sinulation result is
obt ai ned from SPI CE nodel sinulation. 9. The nethod
of claim1l wherein matching electrical characteristics
of the first and second netals conprises matching

4. 11 ”ge é.‘?&t‘, ﬁﬂﬁﬁnpf whefeh ﬁlﬁﬁhﬁ%‘%‘i&:ﬁ?&l lﬂﬁacgéﬁs?& fifle ﬁrst and

secon designs. 38 1 alm

hi h .
sec Wﬁrrg%algﬁg%%ﬁ%eégﬂa&ekﬂgg tg}reg 6%? %n%ésggtt tﬁg ff Eﬁ% seconctl Backend designs.

intra-level capacitances of the first backend design
with intra-Ilevel capacitances of the second backend
design. 11. The nethod of claim 1.0 wherein matching
5. i nfThe-nhehed otcdpiacd whnsasmefchinganétalresistonesit ofi the fetetsangrsecond
wth intra-|level capacitances of the second backend
backtadidgsigaoemtiprises sdaling 8eroad meedlfikickneseesdi el ectri c
constant of intra-netal dielectric |ayers. 11, The
met hod of claim 11 wherein tuning the effective
dielectric constant of intra-nmetal dielectric |ayers
[
6. rﬁ&ﬁofﬁf %&H 5 h@reﬁﬁ‘écﬁﬁﬂgg%rog{l H{aett'cﬁu 'ﬁl?l%l&ﬂé@#s %Xx%ﬁrlses
effectlve d|e tr| constant a-rn
et Feecnyl A <hicEheSs FUESPPHEES fa rsamﬁfaﬁ Higkepsdyapd on
havi ng a cal cul ated thickness. 14. The nethod of claim
comparipg Fiest Mo resistiviy stidcsceprdmetehtssislviey i stics of the
first and

7. The method of claim 5 wherein scaling second metal thicknesses comprises
determining a second metal thickness corresponding to a first metal thickness based on a

simulation result of a model for the second backend design.

8. The method of claim 7 wherein the simulation result is obtained from SPICE model
simulation.
9. The method of claim 1 wherein matching electrical characteristics of the first and

second metals comprises matching line resistance of line resistors of the first and second

backend designs.
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second netals conprises matching inter-|evel

capacitances of the first backend design with

inter-level capacitances of the second backend design.

15. The nethod of claim 14 wherein matching

inter-nmetal capacitance of the first and second

backend desi gns conprises tuning an effective

dielectrjc constant of inter-nme ielectric lP%
10. 16 Themaethed ofgdaipy | whercin qlstcmﬁléreiﬁcmqaﬂ Fhasepigrisgics ot the first and

effectlve di el ectric constant of the inter- netal
secoghideh&sals comptisep enatchingrintiadevel saipagtanasg ofitheHirgihaekendsesign with

dielectric layer. 39 17. The nethod of claim 1l wherein
intr&RRVIEdaphdignt e flihe Ktolblsdckad dingn to the second

backend design further conprises verifying the second

hackend desi gn | ayout by a second process |ayout

design rul e checking tool and correcting violations if

an e I

11. i u?’l“él%%& (Ec} gtgcq%l d@ﬁire r@%ﬁtﬁg Fiy ﬁe%gl &¥9&\Lﬂal ) {9{% first backend
wher, ri ng the second b nd, desi conprj ses

desi ST PR LA RO RSP %ﬁi@%&%ﬁ@%ﬂme%{unmg an
maxi mum nmetal width rule or a maxi mum netal density

effeetiyecdiclgetric spntiant wb trdra-mptgl diclegirs layera ni ni num net al
density rule; and a netal size rule, a via size rule,

12. a. 'Ehetméthmad)ﬁadlaisph]ctvhgrehﬂhai,ngahafrwfaﬂtiw dlepaciongtanidfantra-metal
a mninmumvial/rnetal enclosure rule, or a m ni num

dielo@tieldyeisompeicésaddjusthg a tHiBknetbof apithdslapér. cl ai m 18,
wherein correcting the violations identified by a

maxi mum metal width rule or a maxi mum netal density
rule conprises slotting a portion of Cu netallization

gel gﬁ!"ﬂ‘)ft g?elpl_e}é]l[ }thrteingtgm\ﬂggp clt]lngtdlc?genc{r?% %B{%f intra-metal
the maxi mum
dielectric layers comprises inserting a nitride layer having a calculated thickness.

14.  The method of claim 1 wherein matching electrical characteristics of the first and
second metals comprises matching inter-level capacitances of the first backend design with

inter-level capacitances of the second backend design.
15. The method of claim 14 wherein matching inter-metal capacitance of the first and
second backend designs comprises tuning an effective dielectric constant of inter-metal

dielectric layers.

16. The method of claim 15 wherein tuning the effective dielectric constant of the inter-

metal dielectric layers comprises adjusting a thickness of a dielectric layer.
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metal width rule or a maxi rum netal density rule

conprises adjusting a second netal thickness

determ ned by nmatching netal resistances of the first

and second backend designs. 21. The nmethod of claim

18, wherein correcting the violations identified by

the mnimum netal wdth rule or a m ni nrum net al

density rule conprises_ inserting du second.
17. metliemiethad oftlaigpl pheremmronyeiting oSt backpnd dapigarte the sccond

converting the first backend design to the second
backsad klesign deshgreomprisésererifyng thesesombdackadd desigrilayauy by a second

correction of the second backend design |ayout. 23.
procEElap@itkiesi go tule tihddiing toblemaicareaseriblatignstingny dét&dnined by the

backend design to the second backend design further

' : jon based on the second

Sax%ggﬁgﬁggggg?gﬁmgﬁﬁsgSgsmg%ﬁB%"nethod of fabricating an

| C using a second backend design enpl oying a second

metal, wherein the ICoriginally is based on a first

backend desi gn .e oying a first netal, the thod .
T ¢ oc'rrjémqthfgdsotfﬁl%m | wéeralnr‘fepéxmg &@@ﬁ@%@g@w esign comprises
__ obtaining |ayer construction of the first backend
idengiggng any watatihnhgowl anetor imsw¢ oEhar acteri stics of the

first metal with electrical characteristics of the

s eaonzkinmetrahgtaheiith atle oga avaxinmire needdidah€tysalepnd

backend design | ayout for the second backend design;

Venrirhimgnih@alseidansld st anikaust fedBPe&dnSity hay:Qull;
correcting violations, if any, determned by verifying
the dl&&lesqi@qleéﬁ Qliass‘ffe%fje, &St Mnetal spacing rule, a metal-via spacing rule, a
minimum via/metal enclosure rule, or a minimum metal/via overlay rule.
19.  The method of claim 18, wherein correcting the violations identified by

a maximum metal width rule or a maximum metal density rule comprises slotting a portion of

Cu metallization involved in the violation.

20.  The method of claim 18, wherein correcting the violations identified by the maximum
metal width rule or a maximum metal density rule comprises adjusting a second metal

thickness determined by matching metal resistances of the first and second backend designs.
21.  The method of claim 18, wherein correcting the violations identified by the minimum

metal width rule or a minimum metal density rule comprises inserting dummy second

metallization.
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| ayout; generating final second design |ayout; and
fabricating the I1C based oil the final second design
| ayout. 41 25, The nethod of claim24 wherein if no
viol ations are determ ned by verifying the

i nternedi ate second design |ayout, the internedi ate
second design | ayout serves as the final second

desj gn | ayou 26. The nethod of claim 24 wherein: the
2.1 TH BEREAKS dan] g SR Edhe Brumiskand Hetesruiadhe second
process; the first metal conprises alum num the
backendalesigh alorberd-otgsisgnomabpros esitacaoppen obte kemdd backend design
process; and the second netal conprises copper. 27. A
layowet hod of converting a first backend design of an IC
to a second backend design, the nethod conpri ses:
providing a first baekend design; obtaining |ayer
construction of the first backend design, wherein the

I
e R T
ol o e el A

el ectrical characteristics of the first nmetal with
layogif.ectri cal characteristics of the second netal ;
verifying the second backend design; correcting
violations, if any, determ ned by verifying the
i nternedi ate second design |ayout;
24. A method of fabricating an IC using a second backend design employing a second
metal, wherein the IC originally is based on a first backend design employing a first metal, the
method comprising:
providing a first backend design;
obtaining layer construction of the first backend design;
matching electrical characteristics of the first metal with  electrical characteristics of
the second metal;
generating an intermediate second backend design layout for the second backend
design;
verifying the second intermediate design layout;
correcting violations, if any, determined by verifying the intermediate second design
layout;

generating final second design layout; and

fabricating the IC based on the final second design layout.
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generating a second design |ayout; and fabricating the
| C based on the final second design |layout. 28, The
met hod of claim 27 wherein: 42 the first back-end
desi gn conpri ses an al um num backend process; the
first metal conprises alumnum the second backend
desi gn conprises a copper backend process; and the

25. 7 aEe PO LARTES L e o R ol Shiba Al TP NGl terifying the

. backend design having a first nmetal to a second
intepedian geegad idgren xoninhednisapediate segoad desige laypwt serves as the final
converting conprises, obtaining |ayer construction of
secandelefiign ddyobtick- end desi gn, constructing a prinitive
| ayer construction for the second back-end design
based on the | ayer construction of the first type of
backend design, matching el ectrical characteristics of

26. t herfeliSthod'5E @himw4 Whelefctrical  characteristics of
the second netal, and generating a second backend

desq ut . for the second bhacken esign;

or b Bireh B et BT A WA P EadR BRsrsst e
substrate; and backend processing of the substrate
baé@%lﬁﬁmﬁ CQEPNHY ABHRREAY design | ayout. 43

the second backend design comprises a copper backend process; and

the second metal comprises copper.

27. A method of converting a first backend design of an IC to a second backend design,
the method comprises:

providing a first backend design;

obtaining layer construction of the first backend design, wherein the layer construction
comprises one or more parameters including metal thicknesses, thicknesses of ILDs,
thicknesses of IMDs and dielectric constants of dielectric materials of ILDs and IMDs;

matching electrical characteristics of the first metal with  electrical characteristics of
the second metal;

verifying the second backend design;

correcting violations, if any, determined by verifying the intermediate second design
layout;

generating a second design layout; and

fabricating the IC based on the final second design layout.

28. The method of claim 27 wherein:
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the first backend design comprises an aluminum backend process;
the first metal comprises aluminum;
the second backend design comprises a copper backend process; and

the second metal comprises copper.

29. A method of fabricating an IC comprising:
converting a first backend design having a first metal to a second backend design
having a second metal, wherein converting comprises,
obtaining layer construction of the first backend design,
constructing a primitive layer construction for the second backend design
based on the layer construction of the first type of backend design,
matching electrical characteristics of the first metal with  electrical
characteristics of the second metal, and
generating a second backend design layout for the second backend design;
providing a substrate;
frontend processing of the substrate; and

backend processing of the substrate based on the second backend design layout.
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