A METHOD FOR PROCESSI NG | C DESI GNS FOR DI FFERENT METAL
BEOL PROCESSES CROSS- REFERENCE TO RELATED
APPLI CATIONS [00011 The present application is
related to commonly assigned I.J.S. patent
application, entitled "A Method for Using a. Cu BECL
Process to Fabricate an Integrated Circuit (10
Oiginally Having an Al Design", tiled on even date.
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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



I nore sem conductor devices (transistors in
particular) fornied on a single IC, and all these
sem conduct or devices need to be properly connected.
This is acconplished by mnultilayer nmetallization,
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acute considering that while an increase of metallization density means longer signal
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. This has resulted in a great number of developments in
BEOL process of semiconductor manufacture. Among these changes, the most dramatic

type is probably changing from using one type of metal for metallization to using a



BECL process of sem conductor manufacture, Anong these
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advanced ICs such as microprocessors, but since then has quickly swept nearly the entire
semiconductor manufacturing industry. In addition to the technological mandate for Cu
technology as discussed above, the phenomenon of the rapid Cu dominance also has to
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



exanpl e, because it is generally | ess expensive to

mai ntain a single type of manufacturing line than to
maintain two different types of manufacturing |ines
with one line inplenenting Al technol ogy and the other
Cu technol ogy, sem conductor manufacturers generally
choose to conplete the Al to Cu transition in a

IR RS
i Qu
ol By AL ST, A esbnologr, ey

. interconnect to Cu interconnect fabrication (BECL

ntggenassdo 6 interrenpsch Ebsgationy BEOI bagkeng of diapprosegliey flowing
roadmap when they are ready for 43.13 fun technol ogy

sengigonsirionroagingp wign thee!@rﬁmad}gfyor Bdé om teghnmbegy ardelome, With Cu
continue to invest in Al process is no |onger

techiedogydizcemingrme ety aohtioe to SnvesteiniAl prédebs iaddl longer desirable
tremendous overhead to operations and facility

or ¢VeN pgRted kice |tAvilddd tre@Bndofb oRrRERAIS o &Btl&ﬁ'aﬁd BRility
utilized up to 43,15 gin and clearly alimted

maﬁ@eiﬂﬂeﬁ@ I SRtiSRAA pPRKdsREn BHISItU%Ql'Elllk ?{OW #m 3¥d clearly has
chi pmakers in the desol ating”™ technol ogy nore

a lifflitkh s GY cE lift rlé kg‘}?% fut]tﬁerq}lb&[maﬁgggf %I%Bxgg ezgféﬁ%?&i%ﬁ%ﬁng

nanu actiuin one a
duct/a tion |ndustry in the Al-to-Cu
tec ﬁ@“?mgﬁﬁ%ﬁ@gt chipnakers or fabrication service
ovi erve a_ broad r e of custoners having a
1005 i e?yl (B} othgh Bl e sSTRiERYSHOT mgkp R RS bR has Bone a step
desi gned based on Al technol ogy. From a standpoint of
i -

ahep af {he pErdvet applrgiondndutsy imikayl-de-Cureseitinn. Mosi dmakers or

need not be fabricated using 0.13 pin (or bel ow
fabrieation styipp pasvddarh sssverebrpadh ongb ef clstinggre taviesedarety @u
process. This led to an undesirable situation where a
produty) amany tofi avhidhamvabgmaisigheddesedon AhsehndepyAlFroaGeadpoint
wi Il have to either redesign the product for Cu

of thé pRA&& design HioRel Aar§UfeBK Al d s n8td hdt beBAHcAleABsidg 0.13
production line based on Al technol ogy, which is
umRBERIb PG et HBIRFIhA MY need not be designed based on Cu process. This led
to an undesirable situation where a company that has a product design based on Al
process will have to either redesign the product for Cu process or find a chipmaker who

still maintains a production line based on Al technology, which is becoming increasingly

more difficult or less economical.



nore difficult or |l ess economcal. 4 SUWARY OF TIE

I NVENTI ON [0008[ This invention provides a nethod for
processing I C designs for different netal BEOL
processes. The nmethod determ nes | ayer constructions
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conpensation dielectric
on Al backend process to an IC design based on Cu back in the process. In principle,
however, the method in accordance with the present invention may be used for
processing IC designs from any metal backend process to a different metal backend
process.
[0009] In one embodiment, tuning the effective dielectric constant of the dielectric
layer is accomplished by adjusting the thickness of the diclectric layer, which in some
embodiments is a nitride layer. In another embodiment, tuning the effective dielectric
constant of the dielectric layer is accomplished by inserting a compensation dielectric

layer having a calculated thickness. The compensation dielectric layer is a nitride layer

in some embodiments.



| ayer having a cal cul ated thickness. The conpensation
dielectric laver is a nitride layer in sone

enbodi ments. 5 [00010] Wen the dielectric |ayer being
adjusted is an intranetal dielectric |ayer, the
associ at ed capaci tance being matched is an intranetal
capaci tance. \Wen the dielectric layer being adjusted
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[00013] The present invention is also a process for using Cu BEOL to fabricate an
integrated circuit (IC) originally having an Al backend design. The process comprising
the steps of (1) receiving an Al backend design of the IC; (2) determining layer
construction of the Al backend design; (3) constructing primitive layer construction of a
Cu backend design of the IC according to the layer construction of the Al backend
design; (4) scaling metal thicknesses of the target design to match associated metal
resistances of the Cu backend design with corresponding metal resistances of the Al
backend design; (5) tuning an effective dielectric constant of a dielectric layer of the Cu

backend design to match an associated capacitance of the Cu backend with a

corresponding capacitance of the Al backend design, wherein tuning the effective



resi stances of the Cu backend design with
correspondi ng netal resistances of the Al backend
design; (5) tuning an effective dielectric constant of
a dielectric layer of the Cu backend design to match
an associ ated capacitance of the Cu backend with a
correspondi ng capaci tance of the Al backend desi gn,
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reference nunerals o etters 0 is a
bl ock di agram showi ng an outline of several najor
steps of the nethod in accordance with the present
i nvention. [00017] FIG 2 is a schematic
cross-sectional view of an interconnect netallization
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.



1000181 FIG 3 shows cross-sections of a Cu line
resistor and an Al line resister wwth barrier |ayers
or coatings. [0001.9] FIGS. 4-5 are schenmatic
cross--sectional views of a small section of an
exenpl ary | ayer construction of an Al backend design
and the Iayer construction 0" a corresponding Cu

backend desi i ' ~ i tances.
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sequence of process ste used to create a. single
[00841as E&pel isnthiodkchrasan sngmg twpetling 00gX4ial Majar steps of the
shows an exenpl ary sequence of process steps used to
meihpé at &carddul witldthepssenténventien.connect st ructure using
the via-first process schene with a trench etch- stop
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[00019] FIGS. 4-5 are schematic 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.

[00020] FIG. 6 shows an example of some via/metal enclosures and via/metal overlays
in a Cu interconnect architecture.

[00021] FIG. 7 shows an example of slotting.

[00022] FIG. 8 shows an example of dumification.

[00023] FIG. 9 shows an exemplary sequence of process steps used to create a single
damascene interconnect structure.

[00024] 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.



1000271 Di scl osed bel ow are representative enbodi nents
of a nethod of processing IC designs for different
net al BECL processes. The representative enbodi nents
are disclosed herein for purposes of illustrating.
The di scl osed systens and net hods should not be
constned as limting in any way. |Instead, the present
heCl re i.rected toward all novel and
(0RE8CL JIEE1 1 ah B ERg S RERes Aol R SgnftRig o create  dual
di scl ased enbodi nents,. alone and in various .
ot T SRECCE FECLHTE SRS e PSS Teheaffo e french
Ther?fore, t hese and ot her variations upon the
etk WP 1#¥E enbodi ments are intended to be covered by
t he present inventions. The systens and nethods are
[00626] | iFAt Boshow's an gxepeletyfsequeaspelnroesss stepsatsad & aeate a dual
conbi nations thereof, nor to the disclosed systens and
damascéredsterceguict siruchat usiagthearvaclofirsrproeesspeladnid with no etch-stop
advant ages be present or problens be solved. 1000281
layémy the present disclosure, the terns "BEOL fabrication
process,"” "BEOL. process," "backend fabrication
process,"” " backend process,"” and "backend technol ogy’
are. used interchangeably. [00029] In accordance with
the present invention, it is envisioned that a
different netal BEOL process (such as a Cu BECL
process) is used to fabricate an integrated circuit
(1Q originally having an original nmetal backend
desi gn (such as a design based on Al BECL process).
The nmet hod does not require that the | C be redesigned
for the different nmetal hackend process to be used,
or that the design be fabricated using the origina
nmetal backend process. The nethod is based on a
realization by the inventors that follow ng a
systemati ¢ nmet hodol ogy as descri bed herein, an
origi nal backend design can be converted to a
different netal backend design w thout redesigning the
I C. ' The nethodol ogy of the present invention ensures
that the functional and perfornmance aspects of the
exi sting



10 circuit design related to interconnect |ayout are
mai nt ai ned by the replacenent of the original netal
interconnects with the new netal interconnects. These
aspects include paraneters such as inter-netal or
intro-nmetal capacitors, and netal l|ine resistors which
may affect circuit timng performances. In sone
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steps of the nethod in accordance with the present
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processing | C designs for different netal BEQOL
nothesorsinied as hoitinggs anhway.olnistead, e prajent dissbaps js diBOOd Igward
At step 100 as shown in FIG i, the nmethod obtains or
all dextet aind mewbiiavefeatuessnat nipetis ofi thefvadoudisdéosed kmbedinghts,
of an I C based on a first metal backend process.
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| ayer construction of a target design of the IC for a
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acitance of the ori tgh i nal backend design, the target

[009%@], ghn thgpresgnt disclosure, the terms “BEOL fabrication process,” “BEOL

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

[00029] In accordance with the present invention, it is envisioned that a different metal
BEOL process (such as a Cu BEOL process) is used to fabricate an integrated circuit (IC)
originally having an original metal backend design (such as a design based on Al BEOL
process). The method does not require that the IC be redesigned for the different metal
backend process to be used, or that the design be fabricated using the original metal
backend process. The method is based on a realization by the inventors that following a
systematic methodology as described herein, an original backend design can be converted
to a different metal backend design without redesigning the IC. The methodology of the

present invention ensures that the functional and performance aspects of the existing
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primtive |layer constiniction is inproved to nmaintain
the basic nmetal interconnect structure and its
functionality. The inproved target design is based on
a new netal 11 hackend process that is different from
the original netal hackend process, thus enabling
fabricating the I1C using the new netal hackend process
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o e B

[ d I

par‘s&te{s?gs”s? s T T A 9 PR T P e
oci ated .capaci tance being adjusted is an

maV feciraralt imdgrerionnanses. [ poovs enthrdingaish e metlyodotngly vl ge

additional steps to further inprove the target design
prepeps enyenfion Heo enswendabithe paighehuetpl mbesasinedEdayoekdasignegs

i n one enbodi nent the nmethod matches net al
convesedoaatdy thefnewhacthbproedss Hestgemits dedudiig vstemaedathmy or

resi stances of the original backend design. In other

slogifip @ckitatpattan répdiceea®@pl e, converting the origi nal
design to the target design farther includes the

| owiey0] st
00091090 Buaniy A0 ok afEneeel Ral 2Nk s 1

miE R ﬁ“*‘%?@?ﬁ“&%"?%%@? e 3‘29‘?’%@ f)thf eREpSs
PmF%g’a&ﬁ%%ﬁg&S EGeERL Lt ﬂﬁ%%eg SRR afing major

steps and the additional steps, are described in
1? urt her detail below. The follow ng description
cribes exenplary . enbodi nents used to convert all

[009@] degytgisrdae é%SWnAP Fiackérompthed ebigins gr defernminesdayeyn
construction of an original design of an IC based on a first metal backend process.
[00032] At step 110, the method constructs primitive layer construction of a target
design of the IC for a second metal backend process according to the layer construction
of the original design.

[00033] At step 120, the method tunes an effective dielectric constant of a dielectric
layer of the target design to match an associated capacitance of the target backend design
with a corresponding capacitance of the original backend design.

[00034] By matching the capacitance of the target backend design with the
corresponding capacitance of the original backend design, the target design having
primitive layer construction is improved to maintain the basic metal interconnect

structure and its functionality. The improved target design is based on a new metal

11



based on Cu back in the process. In principle,

however, the nethod in accordance with the present

i nvention may be used for processing |IC designs from

any netal hackend process to a different netal

backend process. [00042) 1 Qbt<unsn 3. letri:nib zaser

cc i \tnx tioi Q thy. zirigit | hackend d s ill 12

: igv.ent "desian’  of

bad k3P frbeds kWi RERTERm LGHYAR Bretdh BEKERT Bloc R ShilknBling

‘circuit design” refers to ca presen o)

f C i n_sem conduct.or, product. Typically, the. .
faealhit 1 ulnd AR IOIF PR iR ity spdiSieping he
r set of data file rovided by the design conpany

IC g?se? W@%Ibed‘b@?ta%‘é‘ﬁiplgﬁesﬁ sem conduct or

manuf act uri ng, conpany _(chi pmaker) for fabrication of
[00088] Ehercthe difrstricdaymiibsiag aiwpted seam intrametalgdicledteic layer, the

product can he of various forns. In one exenplary
asspeipted cenpeitanse haing aatehed isandntramételncahagtango ifghéretie dadeatric

on the | ayer construction paraneters such as netal
laythbarkgaeleesl is thintdrmess dielectic laydrahe hayeintedicglaeitdnce deing

| ayers (I1LD), thicknesses of inter-netal dielectric

adjuatyeisin (htMB)etal @Bshcithi®leect ri ¢ constant of each
dielectric material (ILD or IMD). In a nore conmon

[00096]M THWRNIRId mABictuls BiiGéHal Et@y?éi' t??ﬁ%e@'iﬂlﬁx@lvﬁ ?\g?ﬁ%@ttdesign

of CAD files containing systena desi g tion

bas%lfl’ F)ré gl’%q{ggﬁgg%?&clﬁrﬁ%t éfgfb‘g@ 1'*'(9 e‘k%gl@r i&)’onf: re&%aiﬁm%ntg}#i‘g {r}%hod

cross-section regions

appropriat e 'sof,
.material properties of onductors and dielectrics, .

origipiharad BEY oG epmbaimepiie g AFAMRlF. REFIES Besriginal

section is assigned using object definitions. An
desygg; ta dhe taeeet drstandhrthsy prcdudes jha fnbpwimesteppie type of

material, namng rule, plating, dielectric type, and
[0083Hd udt)@enerpiig lasouywdthedarggrdsaigd) . The
[00038]  (b) checking the layout with a Design-Rule Checking (DRC) tool;
[00039]  (c) placing model/rule-based Optical Proximity Correction (OPC); and
[00040]  (d) verifying mask layer generation.
[00041]  The above steps, including both the major steps and the additional steps, are
described in further detail below. The following description describes exemplary
embodiments used to convert an IC design based on Al backend process to an IC design
based on Cu back in the process. In principle, however, the method in accordance with

the present invention may be used for processing IC designs from any metal backend

process to a different metal backend process.

[00042] 1. Obtaining/determining layer construction of the original backend design
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data is assigned using object definitions to represent
cross-section profiles of the design product and may
be used for profile nodeling using sinulation software
such as SPICE. For a given technol ogy, for exanple,
SPI CE nodel can accommpdate a set of typical circuit
desi gn paraneters (e.g., design paraneters for CMOS)
aSi | ! h faor interconnect
[0022]l It égs %Qﬂ{/éfnlttdloﬁ,a&e teAl é%?%E o%o%rec]hﬂidgglgﬁs%ﬁe?s toa

€
acl tan a uct ance.

apable to .cover wide.ra of process r ter
tecfy Pt Serrehaai i s T POR o gprofst o Bl € desien (the

cr.ogs-section profil with well-defined dielectric
teclghicy] RePrECRipRY 15 £ datg il o sct pletakd f%f%PliON}dei R Sl depign

ot her vertical dinmension can be used to predict
corpRaRy Of thermseduct eosmpany e @ semigondretog Blagyfactugog denmpaniie

above provides basic information for matching a Cu
(chipmrken dordfelriiqgtiompt the palugl. Thedécdnidabiepiegentatiod of the product

determ ne the boundaries of the process. 1000451 2.
can@engtvatiatsi fogn rTh Bhé exeenplay €orng ostechiddal espre3tntatidalhas

backend design accordini foth -lap-er-u_elristrt3

compiled/data@n théRydN coRaedctBA Jard@Sictbucil BPREALthIMkBedsdY Blicknesses

construction of the At backend design forms a basis
of il 1Aef @RBric $4yRE (11N9), ROLIResdO br ftdt PR di 8 tG¥tayers (IMD)
backénd design’in accordance with the present
and' (ﬁé’lﬁ&h{: %}lsta@? Qiatfag% 8%?608‘10 I%IFIQQ dﬁi g} H\Bfﬁs: kl%nadmor € common
technology 1s use or manutracturing a “‘circuit
desi gn he filial product .is ex t to have conmon.
forfy @, Sty ienPs @ ion i § SO RN s oGy emati
| ayer construgti.on, [00Q471 FI 2 i.s a schematic
destgRRlonBain (BhGPTicHion S BRI e cBnHBRnR A s delia
architecture representative of both Cu (generated by
muliiplerapsscigetiongegiennefi the srapisendapier pipdueiesan pe ganturagd and
i nterconnect netallization architectures on top of
extyaolied Lsing appropriaibsdfivedre . Such data include the material properties of

conductors and dielectrics within each cross section. The data of each cross section is
assigned using object definitions. An object definition typically includes the type of
material, naming rule, plating, dielectric type, and conductor type (signal or ground). The
data is assigned using object definitions to represent cross-section profiles of the design
product and may be used for profile modeling using simulation software such as SPICE.
For a given technology, for example, SPICE model can accommodate a set of typical
circuit design parameters (e.g., design parameters for CMOS) and a simple analytical
approach for interconnect capacitance and inductance. SPICE model is also capable to
cover a wide range of process parameter variations. For 2D simulation for interconnects,

cross-section profiles with well-defined dielectric stack, dielectric constant, metal
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The interconnect netallization architecture in FIG 2
shows sem conduct or substrate 200, shallow trench
isolation (STI) region 202 and pol ysi hcon gate (PQOLY)
204 inits lower portion representing the

pol y"contact substrate. On top of the poly/contact
substrate is a naultilayer interconnect netallization

r vi al.
thi ! E © H EO&%AJUHQ exlsg)\{‘@ég%% ﬁg‘éd%; 'B%e%?c{t %?pac ﬁ%ne £ ch%%tg%CF gnd
Rﬁﬁ} NITI) 220 (NI T2), 230 (Mr3) and 240 (M), and
I'ePéctric layers 206 (ILDO, 212 (IMD j, 217
L7 22 i2), 7 (1L D2), 232 , 237
[""E’i“b ]I)hf Eﬁ‘@ Pzé‘zlf\{l' g %Flﬁ?ﬁ*%ﬂnﬁ?ntfsbmétph% é(ClH?.ﬂ endelpaign with
i nt er connect netalllzatlon structure is a passivation
an pbaskenddosigaiong todletempenidic bosplarigpelihe poaps260 (as
used in fI|p Chlp packaglng) The i nterconnect
[00fd3]al 121 Lzombt 4 py ayrr gomstrabiownofianCiEbdekeiRt desiga
mul ti-Ievel netal |nterconnect show ng four |evels of
accoeliad to thietagér chbnéthiclidn 21Dy Al bkdkahd desiddl 2 220), Metal 3
(Mr3 230) and Top Metal (MI 240). An actual nodern

[0004d]er qRBNEeE cdiRfrddtion dF tHRNIBackindIetih CorfBY: Uﬁﬁ‘d ﬁn&é/ fugh
nore (six or nore) netal Levels. In a multi-I|evel

staﬂﬁﬁg ?bm‘t fr &IcERNMRE Cu tﬁkl&&ﬁ%&%‘i‘ th ALY RhSee With @E %)p:g%ﬁn al
he | evel s above and below to mnimze Int evel
1nvé1ﬂf on’ 'R f gglrdﬁ:gs 01J \p?lglbgleta BYRE %ci %8%01(@@1}18 lrls(,:e e%t&nﬁc\e‘&rrénsg’ a

S are used mnt

ta | o
b T S B8 STB A s
ﬁ ned tg be Iorg t hick and wi de, the netal
nw?’W@%%ﬁWﬁ@ Per eSO for i nter-bl ock communi cati on
I n deeﬁ}subn1cron design, internediate |ayers are
[0004{1 pt &6t 2o1s peehasmatictstass-sersional wevp ab aritant anaect (reastlitation
I nterconnects). At the top are 110 outputs passivated
architpetugtepaiseiieirveAlf buihr@u (eonatsicd by githerualerismgtt @E(aydener
sol der balls (e.g., netal bunp 260).
process) and Al interconnect metallization architectures on top of poly/contact substrate.
The interconnect metallization architecture in FIG. 2 shows semiconductor substrate 200,
shallow trench isolation (STTI) region 202 and polysilicon gate (POLY) 204 in its lower
portion representing the poly/contact substrate. On top of the poly/contact substrate is a
multilayer interconnect metallization structure including lower vias/contacts 205, vias
215 (vial), 225 (via2) and 235 (viaT), metal interconnects 210 (MT1), 220 (MT2), 230
(MT3) and 240 (MT), and dielectric layers 206 (ILDO), 212 (IMD1), 217 (ILD1), 222
(IMD2), 227 (ILD2), 232 (IMD3), 237 (ILDT) and 242 (IMDT). On top of the

multilayer interconnect metallization structure is a passivation layer including wire bond

250, metal bump 260 (as used in flip chip packaging). The interconnect metallization
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(00044] In each layer, netals or vias are deposited in
one or nore dielectrics. In the present disclosure,

di el ectrics between two adjacent netal |evels are
referred to as inter- layer dielectrics (IL.D), while
di el ectrics enbedding a netal interconnect |ayer are
referred to as intra-petal dielectrics (SID). As shown

archi%cﬁir@sl?&vn 1@@&‘1\/\% dtﬁléllth]lwgﬁne%ﬁ ??tercgﬂwbs%g@i@%uﬁrfg s of

ayers, ectric layers
R B KR SR D0 R ol IS o
er 205 mhlc itsel f, . may consjst of two |
2adfy Ao E\ﬂ@meﬂ%’? WHGHCUPE laatewrcfg%%saﬂaﬁy Wi FYmAES (six
V|a connectln to Metal 1 (210) and a_bottom subl ayer
or aghey, st lexels) Bramu|thleelansipldptesconneyd Glfonameg lgviderunhe
| ayer construction of both the Al backend design and
orthagenal e thedensiseabevelasi hptova temmipictiaidr-teyeliatedercoemrdn ther
resenbling features in its nmetal 15 interconnect |ayer

lowephsalrinetdoomget talyers) thy evires aresint yeded evithif a tdiieorAllodhadicentie
design forms a basis and a rough starting point for a

finssometal pieth dobigh acdepldydde Ih gt uppetEl619d] GareOnneishwhdi€ the lines
present invention. Once the l[ayer construction of an

are ﬁ&hgﬂddrlg b&lonBahlcRNEd desd, g rh@tal iHet@natdesde ubd B} fn'te\f ®lock

| ayer construction of a Cu backend design are set

confBliBRACH géemr%@&ad{&ﬂ@yﬂeﬁggﬁ ew,fe&g 29 :80pidd¥s A
G R 8 OB TUTE WU i,
t
posor &r%?z@ggﬁ?r%ﬁ\?%%ﬁwaA%éi{v?r%%Ead RS IEAC
taking an existing Al design for Cu interconnect

bm?ﬁ%@@ several additional steps are carried out to

mat ch up t he original design and manufacturing
(00948 ui freeashdayer, metals or vias are deposited in one or more dielectrics. In the

present disclosure, dielectrics between two adjacent metal levels are referred to as inter-
layer dielectrics (ILD), while dielectrics embedding a metal interconnect layer are
referred to as intra-metal dielectrics (IMD). As shown in FIG. 2, dielectric layers 217,
227, and 237 are ILD layers, while dielectric layers 212, 222, 232 and 242 are IMD
layers. The lowest level dielectric 206 is somewhat special because it embeds a
via/contact layer 205 which itself may consist of two sublayers (not shown) with a top
sublayer serving as via connecting to Metal 1 (210) and a bottom sublayer serving as
local interconnects.

[00049]  Because the layer construction of both the Al backend design and the Cu

backend design are expected to have common or resembling features in its metal
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[ 00051] 3. Matching inetal resistances of the Cu
backend_ design with netal resistances of the Al
backend design ---- - ---------oo--- - --- [00052] As
recogni zed above, sinply taking the |ayer construction
of the original Al backend design to be the primtive
| ayer construction of the Cu backend design may

1ntér€§rwe& lhﬂer C étll(ﬁlt ﬁ{é%(ye E:ofsltrﬁgtﬁ n ocf%e XP? 8?§ tde cL gﬁg@?ps a

as con ctorsfreS|s ors an capaci
desij n and th nd deS| Thi s

bas g o 8L e PERL PR JER G ) arFepd Bt B i o st the
a hltectur and the el ectrical properties of the
Preﬁfd'ﬁ SFeRi. laygsicanstiusipn of 4y exysting dhl bagksad design is
di el ectric constants of the dielectric layers. In
deterapnedy RHEWIVE LeYer corstiyetéaneafia Cihbaskendotesige aveses forth according to
paraneters of the |ayer construction can be adjusted
thetlayerraershruetpntof ¢heeh Baackércladesighar act eri stics. [ 00053]
One paraneter that can be adjusted to match the
[00@5@ict Tihe ptimitivarlaydr eonsstuctien effthe Cu bag&hd desigit] hdvede Sk gn
is the line resistance of netal line resistors. 16

genleR09Sdadefhdte tobeSREONE £AiNS Se§%&f or @baSiend FBHEEEH CAMORing
300a and an Al structure 300b wth barrier layers or

to soRRlnHIdimdats dfitiEpradenfRvE; &%@Jrﬁalfglﬁel%lveﬁ% El@f-? th Qyﬂgring

is surrounded be barrier ayer

Al &é‘s%ﬁl f'o§ cl E@%&H%t chAL % %1 aﬁdm%){al OSI t cd, % ouE to match up

S sa con ayers
the %Sﬁﬁg nce of %?ructure 300 contrlbuted by Cu
CrRe ™ gmﬁngﬁpu RYTIB& FYaul PP er 320a surroundi ng
ne .310a Barrler | ayer 320a is. generally a
[Oohglahoé A@Q 12,metal yesisiy ‘“«' backend dg g 1] MEPch as

Ti, Ta T|N TaN, TaS|N Ti Ta, TiW WN or other

aneesof dieAlaekand dgsign t hei r  conpounds or al | oys.
Slnllarly, the resistance of Al structure 300h is
[0003t r iAsuecgnizgd djove) siepFtaiing thedyfer construction of the original Al

backend design to be the primitive layer construction of the Cu backend design may
result in inconsistency of electrical characteristics, such as conductors/resistors and
capacitors, between the Cu backend design and the Al backend design. This is because
there are generally differences in process architecture and the electrical properties of the
materials such as metal resistivity and effective dielectric constants of the dielectric
layers. In accordance with the present invention, several parameters of the layer
construction can be adjusted to match up the electrical characteristics.

[00053] One parameter that can be adjusted to match the electrical characteristics of

Cu design and Al design is the line resistance of metal line resistors.
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and contact |ayers 320b sandw ching the Al |ine 3l Ob.
Contact |ayers 320h are generally nmade of a
conductive material such as Ti, Ta, 'PiN, TaN, TaSi N
TiTa, TiW or other refractory netals and their
conmpounds or alloys. The resistivity of the conductive
materials is usually restricted by the choice of

STt A A0 L GSELED 08 ) 5EAPlgppssos

of Cu structure. 300 nd Structur 00 e
will e T eHet Siindgar A e F ARty T OR i ] 3 supgunded
10a,, th ross-sectiaon of barrjer |ayer 320a, or
be BYPIRE laﬁrg‘?ﬁ?’ Sf&?,“ﬂ%\ﬁé\} gh 1s geagplly é‘héb((i(iﬁta@m’ figposiged by PVD
acconpl i shed by scalin the cross-section of Cu line
andsip Gancyiefivd by TRRigCt lgye@%g%lbs eThavssistaneslaf §3sstmetubai(0a as
| ayer 320a tends to be restricted by the fabrication
conpripged by Cotiney tin iisklfiand barieokayerc@0a swteddinguhaCu tind §10a.
have a relatively small range of adjustnent in any
Baeice htyer F0n ihgmemile a hidh doad@hivity (lopfet fegisiviey) infierial such as Ti,
cross-section of Cu line 31.0a may be scal ed by

Ta,CHBRNGANIT£SiNNEITal Tigv, iNddHothdd Zefrdctdty SIeR@SMN tRir EdMEpdatlds or

line or the wwdth of the Cu line, the former (changing

au%ie 'S)&iilzftly, et eniRd oPRS SR et B@Wisggg n'gﬁteae gg % it 31@[1 itself

i'ne is nore stral ghttorwar
JEBR t Yy | .pOi Q{ I ew,

R nt‘?arg glg %rgc (Zonggglﬁg‘gk? ﬁjglﬁ\‘}\‘n% ‘3? ngé ﬂ)%’? Oﬁ}elacéﬁyefr P E%OIWIF penerally
| so aff.ect the dinmensiaqgns,of..i - l..di el ri cs
mafl; %) R R e PR vl dRDatnt JASR0 Tif i Wa vy of other
conplicating the process. [0005161 Accordingly, in one

feffé%tg%b@ﬁﬁa ABAHSH W?ﬂ%étra[bﬁe shhstregidiity of thgsongpctive
backend design is matched wth netal resistanqes of
mateqals A} upyalkesiaicld Sy gre Pipicsiofprajeriagzchaischen thhdesign aidibs s
(height hc,) of the Cu line 310a. The scaling can be
selqstadffabninatiobprocessnpl y det ermi ni ng t he copper thickness
corresponding to an Al thickness based on
[00055] Matching the resistance of Cu structure 300a and Al structure 300b may be
accomplished by scaling the cross-section of Cu line 310a, the cross-section of barrier
layer 320a, or both. Preferably, however, resistance matching is accomplished by scaling
the cross-section of Cu line 310a alone. This is because the thickness of barrier layer
320a tends to be restricted by the fabrication process, or even if it is not restricted would
only have a relatively small range of adjustment in any event. Furthermore, although in
principle the cross-section of Cu line 310a may be scaled by changing either the height
he, (thickness) of the Cu line or the width of the Cu line, the former (changing hy) is

preferred because changing the thickness of the Cu line is more straightforward and

easier to manage from a manufacturing point of view. In contrast, changing the width of
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conparing Cu resistivity with Al resistivity. The
resistivity of Cu is about 30% | ower than that of Al
alloy (with 2% Cu). Talking into account the total
nmetal cross section area including higher resistivity
Ta/ TaN barrier |ayers surrounding the Cu, scaling Cu
metal thickness (height) down by 20% of the

' j ' t.c t in .
the SR ENPRA Iyt BhABERS o0 R T S BRR Tveph s i
rget. Wt hout requirir difying the origina
me{%%’&?‘ta&%%sr g‘H&‘FB?O%}thC b B 8r°§¥§§c ess. [00057[ The
ve sinmple and straight estimation of resistance
[00§§ o d AGROTHREL. rapme 1P vnbgdimeef, MRl ersivenes oirike 6p
the resistors may be sufficiently accurate for many
backersi designiipmaichedowisly aretal irgsistingereaf thee & Ubaskond desigodpyisraply
the scaling of the Cu line dinensions (such as the
scalihg ik tlaslness(hdightiussefthabovie) 3hte Tie stalitgan be iforattd by
using nodeling techniques. For exanple, upon a roughs

simphedetdrminih) thercoppar tidcknebeyoetesgomdiigrtolah AQ fhiclesshsed on
interimCu backend design nmay be taken as a starting

conf}iRf GuQbsidivitgWwith Af reSRIGE. THeRYidit9ar bh ii§£blogf3§t% fbvlof

woul d I ead to nore accurate estimations of electric

thaf® Al SEARLIS (VRS 20NEhY dMRg}%I 1hﬂ3%<1:5(ﬁ§1't ik %}Qlerﬁ?tgf %rﬁ%esgﬂoeiérea

interimCi "backend ‘desi e resu}ts 0 3
. hiruh.at . . i dance.fo rther
e SUUBA OB 8t PR IB 0O ARG LB e
R e S R N A e
. backend dpsi Yti  u th iota ai- netal ea tai ~t in ,5
ling r?ﬂ%?tgfgcelmﬁg% (A Oyet the originalaispicatrsesevithort wawirias modifying
can be adjusted to match the electrical
the pHginaldgenit desigsfor 44 bagkeadpiogessand Al design is the

i nfra-metal capacitances. As shown bel ow, in one
[00057] The above simple and straight estimation of resistance based on material

resistivity and the dimensions of the resistors may be sufficiently accurate for many
applications. However, if higher accuracy is required, the scaling of the Cu line
dimensions (such as the thickness as discussed above) may be further refined using
modeling techniques. For example, upon a rough scaling, the resultant layer construction
of an interim Cu backend design may be taken as a starting point for a round of SPICE
simulation which generally would lead to more accurate estimations of electric
characteristics including line resistances of the interim Cu backend design. The results of
the SPICE simulation are then used as guidance for further refined scaling. The process

may be reiterated until a satisfactory result is obtained.
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enbodi nent matching intra-nmetal capacitances o= the Al
design with intra-netal capacitances of the
correspondi ng Cu design may he acconplished by tuning
an effective dielectric constant of intra-netal
dielectric layers. [00060] FIGS. 4-5 are schematic
cross-sectional views of a small section of an

[O(fgﬁglnF lﬁlg rMatLﬁ}{g fnn%-ﬂﬂ&“#%&éi&ﬂce%fof Eh'é A ?a%ﬁgn%e#egi&rg egsi ihqgtra-

nd. desi ow ng.antra-netal capacitances. FIG
me ‘?8 %cﬁjaxc Squg ? Cp C twetion havi ng A]

i-pterconnects 410al41 tab enbedded in intra-netal o
[""85@ e HIOHRET parpRpter | an}f?dwgeﬁlé? mpteltheslpetecal ghapcteristics
such as a silicon oxide), and vias 415a%151 (usually
of Gu ggsign gyl Melesign és the indiagnetrirapacitangesr Adishdwie belpw, inayer
(ILD) 417 and connecting to next |evel Al
empedimertonsidung infra0nctals2piritendre o the Alnlesiph mathrimtrametal
dielectric Ilayer (LMD) 422. [000611 FIG 5 shows the
capacitanessudlg cugre§pondagelu dBipmtmaichd 2BohpshB@bEtining an effective
i nterconnects 510ai 510b enbedded in intra-netal

dierdttelceohstart of ayarmdtdildie1ddic bl érs(usual Iy an oxide | ayer
such as a silicon oxide), cap |layer 514 (usually a

[00060]" | ¢€G:S. AR gre‘ébﬁénaﬁé?&fs@%éaloﬁglﬁ%f\wg% %’SIIE] X gtri]%ne%ftalnn .

inter-layer dielectri ayer _
1 } & . 520a/.520b enbedded in
P Kt Sl el P 81 PRRIRE b R R BT
et.ch: st l.ayer 518 (usual | nitride h as
con2ifog ¥ § Eaikp A lp. EowmeiGomsy L ribpi g G- 4 Tows the
apaci tance |s.the capacitance between two nei ghboring
Al (EEPTSTioh beipeoal Sikkonpres d lié lpbremberdsdan mtmagpetal
. exanpl e that between the two neighboring 19 netal
dielegifig layshd MDA 12 tpsallyan apidp layer sush an sibaerkexide)dersi Gas
(FIG 4), and that between the two neighboring neta
415p14d &b cshaibea W B20aasing B2 ghiintet-hgendicleasip taydi AGDOY17 and
backend
connecting to next level Al interconnects 420a/420b embedded in intra-metal dielectric
layer (IMD) 422.
[00061] FIG. 5 shows the corresponding Cu layer construction having Cu
interconnects 510a/510b embedded in intra-metal dielectric layer (IMD) 512 (usually an
oxide layer such as a silicon oxide), cap layer 514 (usually a nitride), and vias 515a/515b
passing through inter-layer dielectric layer (ILD) 517 and connecting to next level Cu
interconnects 520a/520b embedded in intra-metal dielectric layer (IMD) 522. FIG. 5 also
shows etch-stop layer 518 (usually a nitride such as Si,Ny) and cap layer 524.

[00062] Intra-metal capacitance is the capacitance between two neighboring metal

interconnects at the same metal level, for example that between the two neighboring
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design (FIG 5), A netal-to-netal capacitance is
determ ned by the following factors: [00063] (a)

shape and area of the metal |ines; 1000641 (b) space
between the netal l|ines; and 1000651 (c) effective
di el ectric constant k of the insulating |ayer(s)
between netal |ines. [00066] In the exanple shown in
t es b
meﬁg%‘céﬁécts H@ q eZ?E I}II{] AH% ovéﬁlhﬁ%{]&l{} Ag %(ftﬂ?teoetwé/en

e G5B @o@@%%g§ta S o S R S Bk
oo B e P R B gt ) e e S

i ncrease the tot al effective dielectric constant
IOOQQ]Weé‘H shage angdrarenf gsetehignaset al i nt er connect s
, Cu interconnects 520a and 520b in FIG 5). This
[00%@] béb) speesdepyéentibelmetal Bnagaaridet y of ways i ncl udi ng
selecting a material of higher dielectric constant k
[00065]i ni(¢)adisctiveglielactax tomtalt kbéthe instldtiay yeHabeti Snusasd
bel ow. [000671] In one enbodi nent, the effective
lingdi el ectric constant kcu of Cu intra-nmetal dielectric
Is increased by inserting (for a Cu process requiring

[oooes&et 0 eHSeRBmpRYESWn ﬁmdsohlmgdma&@ﬁ Y rﬁ&ﬁﬁﬁ& r(:élﬁ%.nce

process already requiri ng an et stop layer)

d
s Rpihiridhg Mbgs:w@%ﬂéﬁ B G e
cu m*%er@?meats??{z?% e Sl U A B i
(e St I ?'ga%ls&%&&é%@wﬁiheim%ﬁé?efn%%@ttﬂéa%é%%hie&‘léﬁ isto
dielectric |ayer structure between intra-netals (e.g.

incsogrtheiotpl 5Hop)veidicleqits ecnstat katvcantibe teongpghhosing snetdl e

| oss of capacitance caused by 20
interconnects (e.g., Cu interconnects 520a and 520b in FIG. 5). This may be

accomplished in a variety of ways including selecting a material of higher dielectric
constant k or introducing an extra dielectric layer has discussed below.

[00067] In one embodiment, the effective dielectric constant k¢, of Cu intra-metal
dielectric is increased by inserting (for a Cu process requiring no etch-stop layer) or
optimizing the thickness (for a Cu process already requiring an etch-stop layer) of a
nitride layer, such as etch-stop layer 518. Nitride layers usually have high dielectric
constant k. For example, SiN has a higher k value of around 7.8, nearly 2 times higher
than that of fluorosilicate glass (FSG) dielectric. As a result, the total (or effective)
dielectric constant of the combined dielectric layer structure between intra-metals (e.g.,

520a and 520b) is increased and thus compensates the loss of capacitance caused by
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reducing netal platting areas to nuch up with the
existing Al design. The nitride |layer thickness
needed for a proper anmount of conpensation can be
determ ned as follows: 1000601 Referring to FIGS.
4-5, to match the infra-netal capacitances Cc,,
between Cu interconnects 520a and 520b and CA,

red*a@l @atﬁ@tﬁﬁgg@g}} ﬁ%%@%@é@ﬁﬁg% d(c@gs ThétfHics Jayer

kox
thl%g%sﬁ[ige%g ora Prolpgr ani 9@?‘?@%‘“ fan {)(e d%ﬂ‘)’mq'\_gdm]fcilows:
hAl 000741 From t he above
l"“@ﬁ%@ ﬁ%ﬂ?ﬁelsﬂ% QBIGSS g%&) Pgieh Hig Ity sty §3PARUFIEeY hradbeRiggn Cu
h(-u kox)/ (kN - koa), 1000761 where hN is the
intgrpomnerta S3044nd: }3Eb And Fhidbeivesen i\l datexsonnggis428a grd 4249b (i-e.i Geu =
the Cu nmetal height deternmi ned by matching
Cavegiesieedsces of |ine resistor as described. above, hAa
is the original A netal (420a/ 420b) height, kc, the
[00869]ectkicMe, dkglhect ri ¢ constant of Cu intra- neta
dielectric, kN is the dielectric constant of nitride

[00ev@lh- sitepe | ayer 518, ko is the dielectric constant of
oxide dielectric layer 522 of Cu architecture, and kAu

00031t h& . &f (kg Cthl.V-eny)d! ic constant of intra-netal
[ dlglegfr|dé58 g er}ﬁ2£§g$9h architecture. [000771 For

npl h an original Al thickness of 3500 A FSG
“N%?alegﬁrlc %onstant (assun1ng the sane for both k, A_

008} U B S A TRl BLRE! 5 S 0ot amt oot 18
loo,ﬂfﬁbr n T oV b eérbeﬁé?l s%%e%r B ectric | ayer (522)
[00075] %N = (hai kai - heu kox)/(kn - Kox),

[00076] where hy is the thickness of the nitride etch-stop layer 518, he, is the Cu metal
height determined by matching resistances of line resistor as described above, hy, is the
original Al metal (420a/ 420b) height, k¢, the effective dielectric constant of Cu intra-
metal dielectric, ky is the dielectric constant of nitride etch-stop layer 518, koy is the
dielectric constant of oxide dielectric layer 522 of Cu architecture, and kj, is the effective
dielectric constant of intra-metal dielectric layer 422 of Al architecture.

[00077] For example, with an original Al thickness of 3500 A, FSG dielectric constant
(assuming the same for both ka; and kox) of 3.6, a nitride dielectric constant of 7.8, and
Cu thickness hc, scaled down by 20% to 2800 A, a nitride etch-stop layer 518 of a
thickness hy of 600 A can be used with an upper FSG dielectric layer (522) of 2200 A

thickness (hc, - hy) to provide matched intra-metal capacitance in the Cu design.
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t hi ckness (hc, , - hN) to provide matched intra-netal
capacitance in the Cu design. 21 [00078] Slightly
di fferent considerations need to be given dependi ng on
the actual Cu backend process is used for fabrication
of the IC. As discussed in further detail in a later
section of this description, Cu process nay use a
i ety ' LN singl e
1004381, 0 igBly BOREAE Sorf FARIRS: pde 6 LI (i Eop thepoal
ith a trench.etch-st | aye trench-first dual . .
et Beis G Se e I 45 HFOYIpbi o dRlail in a ater
trench-first dual damascene process with ng etch-stop
secfigy, ef thisdgscriptiog), G Brosess Mayae p YRastE Af Pipcess sthemes, 1gcluding
_hitride layer (such as an etch-stop |ayer), the
singlgidaaagcse processevipike dugltdapiasaehelprocesy eithi astrenghljetgbtstap layer,
according to the above discussions in order to match
trendhefinsthduabdamedsa¢ne rageacwithac etsh-stoprlayer,Gud reodefst duwht
initself does not require a nitride layer as an etch-
darsdsognd pmy&ss with mb tetchdeop layeer Foey Cogratesd thptiihckdntigkngsdes a
is inserted for the purpose of matching the

nitdidd 16 alas 6APRRISIANSRS), B thitBids SB e MMt nilRRAARL i
To a Iga%the nitrigg ?ﬁ@gr (e.qg., 5186in FIéP 5) f%ils

adjfiséd i%/cc@ﬂfiﬁg' oI ol di:s@&sgi%ﬁ? : dr 16 hﬁ'&gﬁrﬁ{ InfralhdYR)

i nsul ation, the portions o e nitri ayer under

t Q.. [ corre ing to
coppficfl Hor 8T h%ton 1l RineRB0d 0B aRRE A RIS kst gron
desirably .be renoved b far. exanpl e, t etchin
stof F, 8 Fov e i & P e ignis Taanscited fog e Aumpve of
kgposo .5 State:aiy int'wtrx.t al ¢ 3 ~.td4atan _ ?I
majcjing ihgingagrsit] caaciiifchrt fsqustedrabove. . et al
capaci tances of the Al backend design [00081] Anot her
[008Z%] andioerlowthe nigride laxer 4eipw8t%eia RIG. Ahtodhlly prntmbuse torintad
characteristics of Cu design and Al design is the
mefahdiglecmist(BYIDg apalativm tloesortidis of ttloawitrisiel lawer under dreemetal pattern

(e.g., portions corresponding to the bottom of Cu interconnects 520a and 520b) should
desirably be removed by, for example, a wet etching process with high nitride-to-oxide
selectivity.

[00080] 5. Matching inter-metal capacitance of the Cu backend design with inter-

metal capacitances of the Al backend design

[00081] Another parameter that can be adjusted to match the electrical characteristics
of Cu design and Al design is the inter-metal capacitances. As shown below, in one
embodiment matching inter-metal capacitances of the Al design with inter-metal
capacitances of the corresponding Cu design may be accomplished by tuning an effective

dielectric constant of inter-metal dielectric layers.
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enbodi ment matching inter-nmetall capacitances of the
Al design with inter-netal capacitances of the
correspondi ng Cu design may be acconplished by tuning
an effective dielectric constant of inter-netal
dielectric layers. 12 [00082] Still referring to FIGS.
4-5, the matching of inter-netal capacitance is

oML SR 05 SRR G LRSSy
o O R R U G

ch the capagit [ he effective 'k valu
upp(eaf33|n&e&cmec S?@ﬂé%% dg%(ib)t ASSHBIG o E R o e aStl“’etIH%tal
conbi ned inter-|ayer d| electric (ILD) includin
layp e onlyirepsidgratiqacte matchy the pppasitance ffhe ghieqtiag Jsrvahlﬂidlelectnc
Thus inter-layer netal capacitance can be sinp
congiania geditheyotaldhigknésa gf thegombided mtciklnwshfd@tlﬁ@(lLBD\mcludlng
[00083] ton =~ KAI' - tAl X lrc,,% [00084] therefore,
intdrQ£@5 BielectricDIED Y A7 ankd cap lakéyr §14. [0 Gffervibgdr endtAdapacitance can
the effective k value of the inter-layer dielectric

be dihply Marta@ed bpsdjGitingltheNLI@SIkaBss MMfblkiwsmay either be a
single materi al Iayer or a conbined | ayer of nore

oobgan terjak,.k :,, is the effective k value of
[ tﬁﬁ cgﬁﬁ%d inter-layer di el ectric |ayer including

dielectric (IL.D) 517 and nitride cap
[OOP% ﬂ{fﬁg{eh the Cu design. [00007] In an, exenplary

[Ooﬁ@ IPDayg‘\’ kcﬁ/kgbegtr ?icgslsa;g?t ?inglsugi ﬁgn?i/\gegi electric
oot e oe Ty plrive 3?1?*%% b e lrgl'egtﬁa?}é? hethp

_be defined as:
original Al design, which may either be a single material layer or a combined layer of
more than one material, ke, is the effective k value of the combined inter-layer dielectric
layer including inter-layer dielectric (ILD) 517 and nitride cap layer 514 in the Cu design.
[00087] In an exemplary case where the Cu process contains a combined inter-layer
dielectric layer including two dielectric layers as shown (517 and 514), the effective k
value ke, of the combined inter-layer dielectric layer can be defined as:
[00088] kcw= (knxtnt kox x tox)/tip,
[00089]  where ty is the thickness of nitride cap layer 514, which is generally
determined by the particular Cu process to be used for fabricating the IC, and the total

ILD thickness tp, the sum of oxide thickness tox and the nitride layer thickness ty, is

determined by t; p =tox+ tn.
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[00088] kcu, = (KN X tN -;- kox f to.); tll,c, [00089]
where tNis the thickness of nitride cap | ayer 514,
which is generally determned by the particular Cu
process to be used for fabricating the IC, and the
total 1L:D thickness tILD. the sum of oxide thickness
and the nitride |ayer thickness tN, is determ ned

to

s Nk s SR B D e
| L

A TS R BB By o

t hi cknes may be determ ned or estimted. The
g ey b kB emitesn Diss ol dipis e Hcklest

be determ ned as the sumof the netal height hc" and
depogiged qap alspthic disasined ps the sumied g meslticight hr.end sledlL b

further refine the primtive or an interimlayer
thickoassttioic Thesa resiilts ire ukd tddsitigm reffrRABOARmitive br it kser

descri bed adjustnents on the primtive |ayer _
comstractionzif ¢id ©@ndeign. t he Cu design, an inproved Cu design

i s obtained. The inproved Cu design may be then used

[00Dor1] f abith GRtabsE: dd@ided a&ﬁl ﬁ{énlsz(ﬁltthé’ﬁnﬁhfdé%}léf EshstBEtion of
the 1C which originally had an desi g

the @SB ACH iRFQWI Cﬁld&'é%h (Pg]&;talﬁ&? p%(eﬂ%r&%d tc'ak&g §£ %ag be then

further | nprove t proc sse

o PR P

eSscrli

description 0009 Fo y one | MD and
desfiie A B SRR ALt pEy e btk dpdhe Apgrove the Cu
di scussed. But the sane principle my be applied to
desggny, gﬁxewgy BiRgessesie form %q%b Cy Iﬁ‘;‘%éllhz%,t&ﬂﬁm%’feﬁ arealesf deserebed
Al design and the Cu design. |In addition, although the
in aglplsy eection aictis presem dasssiptienl, for sinplicity, that all
oxi de layers in the Cu design and the Al
[00092]  For simplicity, only one IMD and one ILD related to exemplary metal layers

are discussed. But the same principle may be applied to other IMDs and ILDs in the
layer constructions of the Al design and the Cu design. In addition, although the above
discussions assumed, for simplicity, that all oxide layers in the Cu design and the Al
design have the same dielectric constant and all nitride layers in the Cu design also have
the same dielectric constant, such condition is not required. One who is skilled in the art
will readily appreciate that the same principle as discussed above may be applied to
various layers with different dielectric constants.

[00093] 6. Design rule check (DRC) and correction

[00094]  Cu process has its unique layout rules for process robustness which may not

be met by the existing Al layout, such as minimum metal density, maximum line width
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desi gn have the sane dielectric constant and al
nitride layers in the Cu design also have the sane

di el ectric constant, such condition is not required.
One who is skilled in the art wll readily appreciate
that the sane principle as discussed above may be
applied to various layers with different dielectric

andCRARSHAN .tIﬁ 'ad% gglggﬁ%l %mg re%is%cg Pfc?tgnc(epgs a?sgﬁgi;lgegtabove,

correction ocess S unique
rul rocess bust may not. be nmet b
sorf R B R PRE Pap S e EGER sl ‘ﬁﬁ AR PPaRRe Y
e wdth 24 and via rules. In addition to
nwﬁgﬁ%ﬂﬁﬁbﬁbggP§F§ﬁ6%@4§ﬁW26§BE€FF%ﬁces as descri bed
enbodi nents of the present invention also
[00993\,. éee%ﬁ%a}lé/t higdeliawipg pipsete B tsdlesigp prgshiecked andipdrracted if
the process rule-related requirenments. 1000951
possibésciiofesteblishyn, metggotiust Cowrasgssagractally dfoweler, désdagiratde &
chocked and corrected if possible to establish a nore
accominslbte Ghe igine sissigiGéinesnsibhy/to thomaxiarum feasible edeati, nakke
to accommopdate the original design dinmensions to the
with®uticotteotiog@probese peotl@ny maybé &fSuntéieihout corrections
process problems may be encountered. (00096] a)

[oobbsp na} NEhERS iR hnARBSERS oPheRlALSiANd vias [ 00097]
Cu design obtained fromthe original A design

[009§’{Jd errtﬁ p@ﬁ d@g IY gbta ed hldlrnt tﬂg Brlg'ﬁglpAlr@e\éllgg Gs h@sléxqgedt e?)ﬁve a

ify nmeta space
The 0 |naI desi gn dlnen

furfef éeﬁvfe?ﬂ?%ﬂa?enqj Sl al Bg S Bl Vil e S °"°
cor%glla)%é}ngp é‘b f‘éct ?;E'gﬁkﬁgeg}gnéﬁge%‘o}%,%géﬁgf . ‘ﬁ"z atlcrégxlfﬁnodated to

potentially could cause serious perfornance pr obl ens
the graxgyywp extehl Yriess regrsspveiterasmay he cripupierasy ithombprogene

assessed careful ly under guidance
corrections. Metal and via resizing potentially could cause serious performance problems

or even functional problems and therefore should be assessed carefully under guidance
from original designer of the Al design. In one preferred embodiment, no change is done
on the total length of metal.

[00098] When at least one metal is wider than a threshold width (e.g., 5x of the
nominal size), the space between the metal lines needs to be enlarged. With enlarged
space between the metal lines, the scaling of the process characteristics needs to be done
accordingly in patterning (e.g., photoresist patterning in dual damascene process as
described below) and Chemical Mechanical Planarization (CMP).

[00099] b) Minimum via/metal enclosure and metal/via overlay
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fromoriginal designer of the Al design. In one
preferred enbodi nent, no change is done on the total
| ength of metal. 1000981 When at | east one netal is

wi der than a threshold width (e.g., 5x of the nom nal
size), the space between the netal |ines needs to be
enl arged. Wth enl arged space bet ween t he net al

[Odﬂilﬂ 'FItihG s é.nr@(afﬁ let Q%ﬁétalcf{ﬁ[@fo%&? £ﬂ(1‘(9ﬁ15t31§v1a overlays

nee to be
B3 B L BT B ol

00 b m Vi enclosure and
safg S 6%3&69‘56%“%%%@168@ " e SR in Bicte
f so via/ metal encl osures and netal/via overl ays
Cu%‘wl%fﬂg’mﬁ%sei* BB reHIeH mipdpum Virmetebensiasuse pal urcaétsetal
Cu interconnects 610 and 620, and square single via
ovgghy for via arthgalaheonseetignes vidicaethy thadrrowaindflGag. 660 Cu
660, 670 and 680. Cu back-end processes generally
baqkenfbpnoeesaesrmm reyuire/inatertbaradneania (c0s Lvie aando 50, ab0ret7aland 680)
overlay for via and netal connection as indicated by

to don@ed upestSni owdr Getd linSOiflehdinetl 3k @NWide! BERHEECU BR¥end
require nore than one via (e.g., via array 650, 660,

proeddde Rk tB8R)viast (@, gC UHROY aﬁé%@@e@ﬂ@loh@‘ﬁ@fhc% teeéri]%fﬂ%ﬁoperly

if either nmetal lNlne is"wide. In sonic Cu

acchd?&ge%S’(ﬁ% buiIBGS a%gepaa}&g@}é&g proV' a 640) afe al | oved

I'ong as the v perly according ;o
rn| rocess. 10001011 c
l"“@%‘iﬁn%“&#"ﬁﬂg%aﬁ%@n Gttty )I;L%Fm es [ 0001021 | n sone
[005’!@3] :iliess 3 8¥0r2:§ssge g%ﬁ%yﬁu&e I}e?g% tg)obo%%g‘p wbthﬁegulrgmntg ofa
maxi mu tal density (e.g. 75%in 100 x 100 stepping
magiR, Width fe.g 94 andE maxdmomsnetplriensitiicrd ae.in 190 548@

of such violations by _
stepping window, or 85% in 300 x 300 stepping window). In case of such violations by

wide metal lines, reduction of metal width and metal density may be necessary. This
may be accomplished by adjusting Cu thickness, slotting, or a combination thereof.
Slotting is generally more preferred than metal thickness control to reduce metal width
and metal density.

[000103] Because Cu processes cover process generations finer than Al processes, there
is generally no stringent constraint on minimum metal width in Cu processes. However,
such constrains, if there are any, may also be satisfied using similar methods.

[000104] FIG. 7 shows an example of slotting. Multiple slots (openings) 710 are made
on wide Cu interconnect 700 to reduce the overall metal density of wide Cu interconnect

700. Topical slot sizes and exclusion distances are defined for each circuit design
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;side nmetal |ines, reduction of netal width and net al
density may be necessary. This may be acconplished by
adjusting Cu thickness, slotting, or a conbination
thereof: Slotting is generally nore preferred than
metal thickness control to reduce netal wdth and
nmetal density. 10001031 Because Cu processes cover

gerRERBRS PoGRNS! | AR 100G hiyPdk ded PFRGE sseﬁ%remﬁﬁ@oﬁlﬁltlohs

general Iy no’ stringent constraint on m ni

processes. However, such constrains, if
1edﬁ§%%gcg%1%gny may al so be satlsfled usi ng S|n1lar

000104] . FI G, 7 an exanpl e of slotting.

ool 7 vibisd St Bty 3T ST R e on wi de Cu

i nt erconnect 700 to reduce the overall netal densit
1008106} éeme&‘q MPessRss A minimgy. matglpadtamn dengity rgles daavgidjpoor

excl usi on di stances are defined for each circuit
meigbeirhjng oentind aed txdfond CMRveelal thickngssrcanteol et alsmetal lewgls. With

may be used if there is a special condition requiring
such rdbs thyetotal 0OOL OBjeragp albach matal detehbdn dehipinegdsamtlave at least the

dum fication [000106] Sonme Ca processes have m ni num
miri\ual meal gagtem déasigi foy Cuipk@sss @mweiytton@@Ease ARtatldensity to

etching control and to afford CI 4P netal thickness

me&ARY f@lima Béthl dBRLIB) reh @YV @hht 1sWshﬁ du%Hﬁ!ihtlQ)H h@@hlchli‘l?e mask
total netal coverage at each netal |evel on a chip

ope?aﬁ%qsﬁlfs%n %?grg}ﬁf:e Bfﬁéémh%gum%%&yl"ﬂaﬁ@ﬁl@ f n%@ésgﬁfgr@e g. 20% in

densi ty process to 1 ncrease
a 16’(?{]%(5 Q/tg&pgnﬁn%%%w OI?%O% 1% 5%5? xh tﬂ ep%%ei%‘%{'l%l oW, reg?: gﬁment
o, ﬁvgveéﬁéﬁ% RS, xé‘l?%%n@feééw HG ierdoi

or 10%in a 300 x 300 stepping w ndow). [000:107] FIG
widg egppbags POLRARIFasC dre il dendisy. | Gndurmmicy dhiimsy bg ppde

.are inserted in _ ) o
using an automatic fill algorithm during layout design. In actual fabrication, dummies

may be introduced by a fill algorithm during mask making. The chip preferably should
be compliant to all metal density rules before delivery to the mask shop. For example,
some Cu processes may require that metal dummy be floating and not grounded, or that
metal dummy be placed in the direction of current flow.

[000108] 7. Optical Proximity Correction (OPC) procedure

[000109] In addition to the above described procedures for further refining the Cu
design converted from the original Al design, OPC (Optical Proximity Correction) may
also be applied to the verified layout data prior to mask making. OPC shapes are

intended to maximize pattern fidelity and resolution during wafer processing.
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wi de enpty space 800 to increase the netal density. Cu
dumm es 81 0 maybe nmade wusing an automatic fil

al gorithmduring |layout design. In actual fabrication,
dunm es may be introduced by a fill algorithmduring

mask maki ng. The chip preferably should be conpliant

to all netal density rules before delivery to the

k
[OOrEieq OPEORyrreEQSn £% i h’%}/ %eg&ﬂ%gg&in%&f-ﬁ%%ﬁ §{ mfé(base%e d

ire that netal ng an groun
1 hat tal durr b laced in the direction, of
s b33 g B GPRrRl REB o B Blsomty
. C d 000109]. | ddition to. the aboye
Wltﬁ 85%%# & g{?EH{?P%%Wl‘%}hefﬂg?sgﬁtéi‘V‘iné‘PPﬁF @retFzedihat any non-

design converted fromthe original A design, OPC
conertb&fl? lagput 1o geping eystan Féet Thesg ORfyshangs senyihe anplisd is gatagel
the verified | ayout data prior to mask naki ng. OPC
witk Hapey riacementy prechdie desulianteriafilgsonmabe merged latie| if theranslin
resol ution during wafer processing. 27 10001101 OPC
anycdithed:dta yped sNaX OPC ZAINE by ewseormadrecquiyeneng epeclrhdsid tredtment
rule -based algorithnms to produce appropriate
mag bé feqQirédid phapemakiap shapy Quirsctiond (sabh HARETNE af Q8FtiNnal
with design rules. In accordance with the, present

vePMOE) tHaPmay breadh Bk @ERlikREnl i@ho nBRY JP HroCRURE |
COIaygu ton?%cgﬁve cugfbn1C%C. These OPC gﬁapesénggkﬁgd

j J i W , and the
lawgggty?%ﬁ?ﬂﬁ%?gﬂ%#ﬁg%oﬁ%§ﬁ%g ner%@ggﬁggﬁﬁ§ If there is
| th at.a t es a C ZONE. by .cust one
100 gy " MRl RN B B FAd Rt SHi B8
. . to prevent makj.ng shape_correctjons (such as creating
integgiGAHBRANC %ﬂn@aﬁﬂm%we {hography proees window. In
requi renent. during mask OPC processing. Protected .
lowenlesels ofiggalinisrpyacch sheh asrMarhy(0dh) efil 2 OY[P e 81 lines
separately. 10001111 Model - based al gorithns maybe used

next to aawﬂieé)fgpigmﬁpbﬁabmaygmeﬁhape sizedhp to avoid pinch, if spacing allows
such upsizing. A slightly wider line and narrower space may increase yield and give a
wider coprocessor window and better depth of focus.

[000112] 8. Other considerations

[000113] In some applications, chip guard rings may be added to the Cu design. The
chip guard ring generally needs to be a complete, unbroken ring around the entire active
chip area intended to be guarded and serve as a continuous edge seal. The guard ring at
all backend layers, especially via layers, should be rescaled according to the Cu process
requirement. Usually, via level guard ring should be free from OPC treatment. The
clearance distance of the guard ring and scribe line from the active die field are

dependent on wire bond or bump assembly options, such as Controlled Collapse Chip
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interaction with surrounding patterns. This nmay w den
l'ithography process window. In lower levels of |oca

i nterconnect, such as Metal | (M) and Metal 2 (M2).
narrow lines next to a wide big piece netal may need
to be sized up to avoid pinch, if spacing allows such
upsizing. A slightly wider |ine and narrower space nay

CoRRSTASES b A 1 o OLIARATI M0 e

oAb 1 113] _In some applications, chip
& ggﬁg%glgﬁgégqglsmg%oc dllé% Ctometrﬁﬁe Cu design. The chip

"“ﬁfﬁ@d gt qiﬁghk%ume gfmﬂﬂm eﬂgpadgglete, ﬁnbroken

he guarded and serve as a continuous edge seal. The
fab at all backend | ayers, especially via
| ayers, should be reseal ed according to the Cu process
[00pLER)i Mehaarfhe Cusslsizn i comiplete, éhvie theguaeddnm GigBEAb fileticatien
free fromOPC treatnent. The clearance distance of
protése tgylzbricate thedCadtic sethiddectordmg fto dmprésentaatdntion diag be used
field are dependent on wire bond or bunp assenbly
for apy typasf Ca BHOIafbiCMoh Prdcsh. Bchar $Reseitlypthe is no practical
Connection (C4) bunp assenbly. The Cu guard ring

mefbe f& cidding Shamd hrRauMRnACubRAlvVE %%ce%é§§sqlse& o AL B8 38s
angl es which occur at corners, 001141 9. Fabricating

stllf &ﬁn&t@e%@% 8 H]Qnt%gg%%g]n %\%ﬁ ﬁﬁé gﬁsolﬂsb[l] gaéklénﬁ E%Iesses

fabrication process
h tlon
gen%paﬁgélgés qarr{a% §B§ S% ae(%s \LJ{/ ?1 es q-(ﬁ re%lie%c(ljll% gl é?ugl’d%eés ‘t o
f g f Cu
prepspfly PES5H ErRon s Lﬁii‘r@s"a?{ r%%e g@aﬁlpéé%'%ﬂg}%@%@ Spime
p ical nethod for etching t he conventi ona
ds‘{PBIc ARASTPE SPhcHice BHES aa%d%@éla?ﬁ tﬁﬂw, mpydeaseds

[000116] a) Single Damascene

[000117] FIG. 9 shows an exemplary sequence of process steps used to create a single
damascene interconnect structure. Single damascene interconnect scheme is used for
creating either a metal interconnect or a via, separately. The following description
applies to either forming a metal interconnect or a via. For clarity, however, the process
is described below as to form a via.

[000118] As shown in FIG. 9, at step 1, the etch-stop layer 910 (silicon nitride or silicon
carbide for inorganic ILD), inter-layer dielectric layer (ILD) 920 (oxide, fluorinated
silicon oxide, or low-k dielectrics), and antireflective layer 930 (ARC - oxide nitride) are
deposited sequentially. Photoresist 940 is deposited to pattern the vias (or trenches if the

process is to form a metal interconnect).
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still cannot be used. to form Cu interconnects. For
this reason, Cu backend processes generally uses
damascene schenes whi ch does not require etching of Cu
| ayers. Presently, several schenes, including a
nunber of variations of single danascene schene and
dual danmascene schene, which are described bel ow, nay

(008F195 A st 90ROk cB50 Brttheh SRS i M A hefal .

xenp ry sequence o ocess steps used t

merifhd §shulburioe FRTERES fut P ERRETRR 1 @sgﬁc%F%ﬂuough in
creati t her net al, i nterconn a Via,
ordG R Ep e Ry fec PP L B L P O LOBPIP B e 950) and
either formng a netal interconnect or a via. For
the sndgriving lam\%sewhwla H8Y be 8 cartact, § ¥ias &gty defersannst as
to forma via. 10001181 As shown in FIG 9, at step 1
depending pe hestroghuteay/drstep£0 a il fi-layenbariiey/ sedéd fim 985 {sidspesited by
carbide for inorganic ILD), inter-layer dielectric
PVDayterthd vih B)ac® 2060 (lex habchee btabed matiediclesirics.cBine wxitidiayeror
| ow-k dielectrics), and antireflective layer 930 (' CPC

barrierb¢bdi 81N D55 A be aTAN/ T POSATY, OW NSed Wetidr balatyyand tertiary films
Phot oresi st 940 is deposited to pattern the vias (or

amfok G E Bifin i prEMRBed RIrPeRSSntbFad Qi PHOWRd FSG de). Th
( |nterconnecg) 59 f00011%1 %t s%ep 2, gﬁg@%pacgrox1e) -

bloélpéu 966 BGHed (§€p¥)§]€edﬁ)§/ %ﬁﬁgl'aﬁn%@teh%z mA‘@s hathle %rrler—layer 955

I nterconnect) "Is et Iect
o SR i PR e A o
R R O
i nterconnect depending on the structure., At step 3,

spap P30 - Theyratireyuey eriaseis dhan qonergd by depasiiprbdiffugign bsmepkamer

into the via space 950 that has been etched out in
970sdicer nittidesor sﬂt&en pybide-foriperganic ILD, or oxide for organic ILD) to

completely encapsulate copper interconnects 960 (step 4). The barrier layer 970 may also
be an etch-stop layer for the next layer (not shown).

[000120] In the most common Cu processes, Metal 1 is usually generated by single
damascene process. Single damascene process is also utilized to fabricate very thick
global interconnect layer which is initially designed for Al wires to carry high currents of
the chip. Combined of metal and landing via, such Al wires may have an aspect ratio that
is too high (e.g., > 5) to make void free gap-fill. As a result, two single damascene
processes are used to run via layer and metal layer separately. Single damascene is also
the process to generate MIM inductors in a BEOL flow of RF devices.

[000121] b) Dual Damascene
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harrier/seed film955 may he a TaN,/Ta, TiNi'Ti, WN

and other binary and tertiary filnms (anorphous film

is preferred for better interface with the underlying

FSG or oxide). The block Cu 960 is 'lien deposited by

el ectroplating (step 3). At step 4, the barrier-I|ayer

955 and top Cu filmof the block Cu 960 are renoved
[qu\eiggli'v%l{l k%gln%[eeﬁaﬁlagpe%\éeduapgmﬁa% gn% errcl)ef otél}se ! LDd9 t%é)n’ches for

enal ning harrier a er

el SRR A re”"“&hes@?r%%a%%%%aﬂﬁf DL B Barone,

970 (S|I|con nitride or silicon carbide for
SC}TC [% Randysed.or oxide for organic ILD) to
W?Ietel encapsulate copper interconnects 960 (step
[00!?)1.2 ]TH:éGb£9$ Hosts an gyemplaposeregnca pEprocdse stgps esed e geap a dual

| ayer for the next layer (not shown). 10001201 In the
damasseneciotenonn@t sipradare sisieg thebs-fikst pracessisshimhd witlye nenet ech-

by single damascene process. Single damascene process
stop Sayet. sAs iltubtrdtedich RIG. T @kk stepll &f wervwa-tift eproghodalectric cap

i nterconnect layer which is initially eS|gned for Al

layéé TS (SilcdiBdifnde oD 1©uo, rtfa%ﬁ eRh-stdphSyes NI (s@geﬁ) hitgd: &f
metal and | anding via, such wires may have an

Al
silieSPEfsbidé ﬁfr'nﬁ)réz?ﬁ(f L1,%rbRe I?erF%e{n?% %Dsg mt'i_’% ndefh) ARKRric

voi d free gap- '‘As a res anmascene

RPN R R iArloi R P
t M rs.n of 1ZF
S Gl tew R N 5 e
d e, damascene schene fornms vias and
Ph%tg g%%%égg pype P%%?%PISE o8 rad pishing te form thewasnagey 076 ke the
are a nunber of different dual damascene schenes
ILRAR and used. [0001231 FIG 10 shows an exenpl ary

sequence of process steps used to create a dua
[000124] At step 2, following photoresist removal, a bottom antireflection coating

(BARC) and/or photoresist 1075 are used to fill the via 1070. At step 3, photoresist 1080
is deposited on top of ARC 1050 to form trench etching pattern. At step 4, after photo
exposure and developing, the subsequent trench etching is end-pointed at trench etch-stop
layer 1030, which becomes the trench bottom. Cu is then deposited into trench 1090 and
the via space under the trench 1090 to form via and trench simultaneously (not shown).
[000125] Dual damascene is generally more efficient because it forms the vias and the
trenches simultaneously instead of separately as does a single damascene scheme.
However, in the dual damascene scheme illustrated in FIG. 10, trench misalignment may
cause unfilled partial via (micro-via) and dust poses potential reliability issues. For this

reason, the dual damascene scheme as illustrated in FIG. 10 is less preferred unless ample
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damascene interconnect structure using the via-first:
process schene with a trench etch- stop |ayer. As
illustrated in FIG 10, at step | of the via-first
approach, dielectric cap Ilayer 1010 (silicon
nitride), ILD 1020, trench etch- stop |ayer 1030
(silicon nitride or silicon carbide for inorganic

i B BB O PR 5. ABLITAE o,
' al ic | k d ARC 1050
o DS RSB R RS0, ot 1 ayer

t he .previ ous | evel, followed by photo
woéi?ﬂe?ﬁﬁﬁnﬁ PG SROTRIARSEaenspeioprasrss sephishg ia geatep dral
the via space 1070 into the |1LD 1020. [0001241 At
da@fséﬁleZPteF@PFWtﬁ@uHﬁ geing Ewiteench-arit pragkss sehdvast withra trench
antiref'ection coating (BARC) and/or photoresist 1075
etchpstopdased FI6-flil Ishowshprevioas me@ADlayét 1160 afieldstrip hayd layeslil$o (e.g.,
1080 is deposited on top of ARC 1050 to formtrench
siliedroiirivig), paDt 16 26, mdihl edhegoptlayafitien (@fosiliconanpiis)) RN,
devel opi ng, the subsequent trench etching is
ARENDESPOpHEEesidtl 160,276 6fcabipStin, pHot&dist 1076 andiallpening
becones the trench bottom Cu is then deposited into

11900 eR et tAASRL g Qplt)l%gcﬁl, &El?@h?%@ﬁiﬁ lf'ﬂﬂ?{s £b dtﬂr?tﬂaggm vga (g)%ging

to formvia and trench sinultaneously (not s

1140‘198&%%d%%e gt@ﬂgt%ﬁt?e%gﬁ, | Iﬁgl%rgng %xgelsclz rsgéglg H&lgtftgfaggirgp@lty as

because 1t forns e via
' ousl-y instead of separately as dpes a single

shof £ St mel R B SRR el pffis B RemBusa o

sch illus rateg in,FI%% 10, trench_ nisalignnment may
the i3St RIRFSEF PRSP VAT LiCh |Prrdrosése of B LEm el G gis can

potential reliability issues. For this reason, the .
be grguled hxnaiag swdicicaherrs ciebing th gaturathetthe fulFILE/IMD thiskness is

| ess preferred unless anple 31 alignnment tolerance is
cleasedvi ded in the initial design. As a substitute, the

trench-first approach as illustrated bel ow nay be
[000%R7¢ Appvib e ilatserated in FIG. 12, the scheme shown in FIG. 11 may skip
trench etch-stop layer 1130, and use timed etching to control initial trench depth. With
this arrangement, some variations in depths with feature size or locations on the wafer
may be expected. Insertion of an etch-stop layer 1130 beneath the trench improves
trench depth control but leads to higher capacitance, since commonly used etch-stop
materials (e.g., silicon nitride and silicon carbide) exhibit higher dielectric constant than
typical oxide, FSG or low-k dielectrics.
[000128] FIG. 12 shows an exemplary sequence of process steps used to create a dual

damascene interconnect structure using the trench-first process scheme with no etch-stop

layer. FIG. 12 shows previous metal layer 1200, dielectric cap layer 1210 (e.g., silicon
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[000126] FIG 1 | shows an exenpl ary sequence of
process steps used to create a dual darnascene

i nterconnect structure using the trench-first process
scheme with a trench etch-stop layer. FIG i | shows
previous netal |ayer 1100, dielectric cap layer 1 110
silicon nitride), 11,.13 1120, netal etch stop |ayer

niekF LR, A@?@?@%“@F"Eﬁ*ﬁ%ﬁ" i Pehivgrand é‘?‘g?resist
1253%@%&*’0%% )Zéﬁﬂﬂenaa'@ﬂﬁiﬂﬁ%alsg%eéé% Fhhan G 1] n%waerwnglg

enln 1 190 is patterned on the etched trenc

treqg %%%Eyags?ré%htas stegritawi [yt 1 GPdgFaphys ased, §Wot\hﬁ IIy and
FIG. 11. This may hel p reduce trench/via alignnment

IMpraspienesitedsimeparedy. t1o factibe sdnee diclestric J28¢ eerscsss hethghe
shown in FIG 10. In case of msalignment, partia

[LLy przd INdAIN Thisas the anaié dosbgffedivagpsoidh witletie shanast pocdss figw
to ensure that the tail 1Lf3;1MD thickness is

andcthe Bese dycl¢ 006 lahd]thisa mbiel debieed dpbtiath At ®ehd dapphdatonsl 2The dual
the schene shown in FIG | 1 may skip trench

dar@ds6direstiRnd yeh id F8G. 12808 bs@ell il thee teViNOrst 6r O BEADL first
initial trench depth. Wth this arrangenment, sone

qxﬂ&kh%§ﬂ9@§m£@1QQE$ﬁ§OWMth feature size or locations on
he waf er nbe expected. Insertion of all etch-stop

[OObgiﬁﬁr érlilg% gttlt%%l(t,lbﬁtcﬁ t%P ‘fe{(jyer {15 ?&/ ﬁe Cge, thé gcheme S ttp in FIG.

apac

d t h- st
B e N 5@?9@?%%@@39& o
R o2 ot e
sequence of process steps used to create a dua

with thedewerdempy be pecdrg dMD Isveluwhily de gdienglapgrbat the via/ILD level.
trench-first process schenme with no etch-stop |ayer.

TheFb@-k IMDsippwsclpisexpenisl tostainoteaapplicatfdas ttagledet ki materials
cap |ayer 1210 (e.g., silicon 32
with reduced mechanical strength and thermal conductivity are becoming available.
[000130] The sufficient planarity within wafer and within die is critical to facilitate
patterning of fine features of via holes or local interconnect wires. The rough topology
(e.g., from 0.1 pm to 0.6 pm) would cause irregular metal line shapes or unopened vias if
the step height or recess exceeds the tolerance range of the depth of focus. Like ILD
planarization in Al subtractive BEOL process, CMP can be used immediately after
ILD/IMD deposition to planarize dielectric surface topography inherited from underlying

layers. Insertion of a CMP step, however, increases total cost of process, and therefore

should be selectively used, for example, to facilitate lithography patterning on the upper
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nitride), ILD 1220, ARC 1230, photoresist 1240 (for
trench etching), and photoresist 1250 (for via
etching). In the dual damascene schene 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 116113 are deposited sinultaneously. in fact, the

ST R0, STRUER PR it Rl i

t..process flow and the best cycle tine, and
nw@ﬂ%é&giﬁﬁgggdesired approach in sone applications. The

amgscene schenme shown.in FIG, 12 may be used in
(00 P ST RS n 105 & SR LPRS g erile [t a doppalEmER, Al
illustrated in FIGS. 1Q-11.,[000123[ In cases where a
Pasgivairbdyd stresiune as @bricaed digsgtly en glananized (Gwiserdysiepasiting
in FIG 11), two different dielectric |ayers may be
and pasigrningr mebiuAin pepsiveidon Byapwhiaheashe fibeon hilbideaowidd ddxide
one with I ower dielectric constant than the other. For
nitédea rfpbesqueitly, BVEl dpbsiting, paitérhinghed ktehiag duniiay sthé oti siettop of
as M) level, while the other placed at the via/lLD
thelpaystvation Tayer drousedo o ARS8 dsithita® o PANBS LRIl g ¥8BWiring.
nore applications as fragile lowk materials wth

A Yo 08 (REIAH tifdry Slh&8Rh s 898 h %ﬁﬁlus&f)@qﬁ'@ﬁ*{lé@ ¢wire

are becom ng available. 10001301 The sufficien

anc?é@%%r | AYanpkiBih Br %E]d g&&ﬂ}tﬁhéé ' gbégigfc eéﬁsg%ti/o:hg&)ﬁelcr) (Btto

itate “patternin

. 1.nte nect wires. . T rou t opal o
senfivg BEpig8 b B Rt b1 2 ottt SE e Pl fign! stk
tal |ine shapes or unopened vias if the step height
as{$a$%5@@§b%WE%&§§°wﬁ@n@BE§P&hce range of the depth of
focus. Like ILD planarization in A subtractive BECL
[008}37d e $'st thegplderhympanplissfionfacrrededioy flaf ehip prakeg), e D
deposition to planarize dielectric surface topography
conmuppily jusesunidepbarteraetelingtys (VBYB(1 AVWSBEOLpmap hotcbeCVP
step, however, increases total cost of process, and
contfrgibkfwitteCu stetllichtibe. Newédatriey ebiipessieslarefbeingedadipped, fot 0
facilitate |ithography patterning on the upper
various bump solder materials from lead-containing solder material (e.g., Pbg3Sns, high

lead PbysSns, ultra-low alpha, etc.) to lead free materials (e.g., SnAg, SnCuAg, Sn, etc.)
with the underlying copper.

[000133] The present invention provides a method enabling fabrication of an IC
originally having an Al backend design using a Cu backend process without requiring
either redesigning the IC based on Cu backend process or using an Al backend
fabrication process. The method according to the present invention may be incorporated

by a semiconductor chipmaker in a process for using Cu BEOL to fabricate an IC
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33 gl obal interconnect |ayers, where accunul ative

t opogr aphy has been thrned from nultiple stack

| ayers. [0001311 Since Cu does not forma

sel f - passivation oxide |ayer as does al um num Al

passi vati on bond pad structure is fabricated directly
on planarized Cu wire, by depositing and patterning a

R e R 1 e

OSLt ] ng, patter ning and etching alumna stud on the
fOutowl?ngo PS5t he passi vation | ayer are used to form bond

rm nal. ove he underlying Cu wiring. A barrier
lOOB@f“ér TLrITENRE Bt A0 TS such as TaNe and Ta) i s
used to interface Cu wire and Al pad. As an option of
[0091135;} EMpbianiag %qy@&@ns@wt@ngameéﬂ&@glgnw ation |ayer
photo sensitive polvinde or BCB) can be coated and
lﬂﬂﬂbﬁﬁ] ef@anptgnng metabresistaoecsoff thehdl desigalwitht methl resistazces of a Cu
buffer | ayer between the chip and package. [0001321
destgor t he sol der bunp application (as needed for flip
chi p package), the comonly used under-barrier

[000E37] akd)uhigélese (nidaBMtal(dapaciiaidés BE@e)AIMRYigh @fithBftra-metal
conpatible wwth Cu netallization. New barrier

capg(g{mgéldﬁf%@ﬁges% ng, devel oped for various hunp
sol der materials from | ead- cont ai ni ng sol der materia

[oogfscs@ @ PRI ur Pl ca #&ﬁ%&?&%@%@x%ﬁg R,éﬁﬁdj%wn%%qha

t he. underlyi ng copper. 10001331 The
O\ﬂﬂhv fféﬁ? provi des a net hod enabl [ ng

tio an 1C. ori ally havin
10"{51233’ gmen @géhﬁﬁuﬂa%}%w& ﬁﬂ@@@ wlggherBigol F%l&amﬁv ﬁglolatwn,
ei t her redesigning the IC based on Cu backend process
[008}40] s (s 1xdng the viehatieaadentifige i there issiypr ocess. The

nmet hod according to the present invention nmay be
[000 b r ﬂ@)@ng’dﬁng final layout of the Cu design; and

ool

[000142] (i) fabricating the IC based on the Cu design using Cu BEOL fabrication
process.

[000143] In view of the current status of semiconductor manufacturing industry as
described in the background, some embodiments of the present invention may bring
several advantages including:

[000144] (a) equipment sharing and cost saving;

[000145] (b) flexibility of product mixing;

[000146] (c) limited additional product design effort; and

[000147] (d) relatively fewer process steps than Al BEOL process and thus a more cost

effective production structure.
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by a sem conductor chi pmaker in a process for using Cu
BEOL to fabricate an IC 34 originally having an Al
backend design. For exanple, the process may include
the follow ng steps: 10001341 (a) receiving an A
design for the IC 10001351 (b) obtaining Iayer
construction of the Al design; (0001361 (c) matching

A, BTSSR Do o
' - I of . t
oo 4 S BRRTL RR 368 Bl AR

e) matching inter-netal capacitance of the Al design
persﬁ n?ent?‘@} Aﬂﬁ’ﬁgihzaﬂ%fbaci tances of the Cu design;

10001391 (1? verifying the Cu design with a | ayout
[00034Y  JIhecirvendion 1s Ririiréasty suitable (q erablei GhBEOLQwerEaDe ( g)

fixing the violation identified if there is any;
mangfaeullC devices previensly degigrfedfalt Al wiroW plof inthesoBect, such as

desi gn; and 1000142] (i) fabricating the |IC based on
mobthd tiguexdemigdd dasgmofo0.2BEEL, 0f 8kt aad 0.06 pnpleciapssies.

1000143] In view of the current status of _
[009€50]C Amékiat@tioN B uppHEdbld fongy ki UTITuypradessed @86 [Htdp@lionn

t he background, sonme enbodi ments of the present
sche¥E Mg bPfonsHRYEHRY hadhant 39@Rr 115l Uoinp Bllowing

00014] (a) equ ipmert sharing and cost saving;
TARPROL451 (b) flexibility of product m Xing;

TABLE 1: Types of Copper Processes

Option A Option B
1 Process type Dual damascene Single damascene
2 Pattern sequence Via first Trench first
3 Trench etch stopper With stop layer With no stop layer
4 ILD Planarization With ILD CMP With no ILD CMP
5 ILD/IMD Dielectrics Same materials Different materials

[000151] The above description, including the specification and drawings, is illustrative
and not restrictive. Many variations of the invention will become apparent to those of
skill in the art upon review of this disclosure. Various features and aspects of the above-
described disclosure may be used individually or jointly. Further, the present disclosure
can be utilized in any number of environments and applications beyond those described
herein without departing from the broader spirit and scope of the specification. The
scope of the invention should, therefore, be determined not with reference to the above
description, but instead should be determined with reference to the appended claims
along with their full scope of equivalents. In addition, it will be recognized that the terms
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10001461 (c) limted additional product design effort;
and 10001471 (d) relatively fewer process steps than
Al BECL process and thus a nore cost effective
production structure. 35 [000148] Fui therinore,

m proved el ectrom gration resistance of copper allows
hi gher current deiisitics to be used in existing

T 2 i ng. |« t.e [ I
g@ﬂsﬂ&mﬁ ﬁrgcth h% g.%, rhagﬁ'xgt lil's Zuél(?) ljle"flg h %B\éic&g%aq.}ﬁméended to be
nvention i ar SULtab| to enable Cu BEOL
rea B3 B0k TRl uf tut€ N LRI N
for Al MArea%%g erconnect such as nost of the
an gxlusyeRgnIeCingiss p ’§“ djreS%‘b?éafJFHC 0,18 pine and 0.15 pm
technol ogies. [000150] This invention is applicable
to a variety of Cu processes and integration schenes,
i ncl udi ng process options described herein and further

listed in the followng TABLE 1. TABLE 1: Types of
Copper Processes ---------------omoomonno-

--------------------------- T Process
type Dual damascene Single danascene -- - r 2 Pattern
sequence Via first Trench first - -----------

---------------- 3 Trench etch stopper Wth stop
Iayer Wth no stop |ayer
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------------- 4 1T i3 Planar tzatioii Wth ILD CQw?
Wth no ILDCW 5 11,13 1\ 1T) iclectrics Sane
materials Different nmaterials [000151] The above
description, including the specification and draw ngs,
is illustrative and not restrictive. Many vari ations
of the invention will becone apparent to those of
skill in the art upon rew thi s disclosure.
Various features and asp§%§%@%§ t he above- descri bed
WH }ﬁg%g&g&ﬁ,nay be used individually or jointly. _
urther, the preesent disclosure can be utilized in
ny_.n er of envjronnents and appli i ons beyond
1 BB roPiss il Y 0PRP Yo Rt sk PRD Prpresbe e method
broader spirit and scope of the specification. The
COTBRIGYE - of the invention should, therefore, be
determ ned not Kith reference to the above
dedstarmning leyemenstiyréipesef atmigingl Be defégnerfrindedon fitst metal
reference to the appended clains along with their
full dedmedofocesyui val ents. In addition, it will be
recogni zed that the terns 36 CO31p'!siig,r
- ibastdighi the'layepsshstriidtiohs ofthd otiginabddsip@Gf thelTEY Edrdtru@ing
specific Ily intendtd to be read as open t dcd krany

of  YCprimthiee laf@RotrucASnstbtadarBetQéki@n b (AL 8 P&cbnd metal
lph’: ator in an exct7!<ive Sense: described as

. SUCh a3 n P M. at is clai.rned is: 1. A nmethod
for prgcgggkng I'C designs for different netal BEQOL

pr.Qc: od _conprd sj.ng; .det er m. ni er
C R 3 Pireciy® PR SRR b Bt i Bk Rt
first m%&aalm associated capacitance of the target backend design with a

corresponding capacitance of the original backend design.

2. The method of claim 1 wherein tuning the effective dielectric constant comprises

adjusting a thickness of the dielectric layer.
3. The method of claim 2 wherein the dielectric layer comprises a nitride layer.

4. The method of claim 1 wherein tuning the effective dielectric constant comprises

inserting a compensation dielectric layer having a calculated thickness.

5. The method of claim 4 wherein the compensation dielectric layer comprises a nitride

layer.
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backend process; based on the |ayer constructions of
the original design of tlhe IC, constructing
primtive layer constructions of a target design of
the IC for a second netal backend process; and
tinning an effective dielectric constant of a
dielectric layer of the target design to match an
associ at ed capacitance of the target backend design
with a correspondi ng capacitance of the origina
ckend .design., ?. The nethod of claim]l| wherejn
6. B R0 RESIF 1 ofiesds Fhe ety BYerdngt MapmeBhaRl it taver
4¥§ usting.a thickness of the dielectric layer. 3, The
andyiF Ageiafed crpacHnse InweipBrRclehpasiBret ri c | ayer
conprises a nitride layer. 4. The nethod of claim1
wherein tuning the effective dielectric constant
conprises inserting a conpensation dielectric |ayer
7. hhyiethod of allanw [l athetkin thieclicledsc lager iT heintetetd diefecicdayer,
4 wherein the conpensation dielectric |ayer conprises
ancathabdsotided chigygiince 38arbintefhetaln®@phdtingd. cl aim | wherein
the dielectric layer is an intranetal dielectric
| ayer, and the associated capacitance is an
intranetal capacitance. 1. The nethod of claim1l

8. m@fn%{hﬁd b €1|aﬁ1111 ¢ lﬁﬁ}é{ﬁ] gleltoﬁ%ﬁlﬁl G degfgﬁrlg%'i' all backend grocess,

dielectric ayer, assocl at ed "capaci tance |

' G .1 .The method of claiml
and\?\‘ﬂ%Fagéeﬁ%gﬁégﬁ%fi?ggﬁﬁglf&@gﬁ%ﬁ%d rg‘fegsﬁ' is for Al backend
process, and the target backend design is for Cu
backend process. 9. The nethod of claim| wherein the

er _constructions_having paraneters includin
9. Jl'l?é/ metho 0? claim 1 wherein the lay%r gonstructions having paramet%rs including

metal thicknesses, thicknesses of interlayer dielectric layers (ILD), thicknesses of
intermetal dielectric layers (IMD) and dielectric constant of each dielectric material (ILD

or IMD).

10. The method of claim 1 further comprising:
scaling metal thicknesses of the target backend design to match associated metal
resistances of the target backend design with corresponding metal resistances

of the original design.

11. The method of claim 1 further comprising:
generating layout of the target backend design;

checking the layout with a Design-Rule Checking (DRC) tool;
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metal thicknesses, thicknesses of interlayer
dielectric layers (11:1)), thicknesses of internetal
dielectric layers (I MD) and dielectric constant of
each dielectric material (ILD or 11D). 10. The net hod
of claim1l1 further conprising: scaling netal

t hi cknesses of the target backend design to nmatch

as ' | IE&Si nces. of the t backend
G PRl Based ORI ARG RO pitfioh TRECL 88 T
origi.nal d si' n. 11. .The nme hod of claim1 further
coffpr Y8 FFS< Ag PPy | ayout of the target backend
desi gn; checking the layout with a Design-Rule
Checking (DRC) tool; 29 placing nodel/rule-based
Optical Proximty Correction (OPC); and verifying
12. réspacthgd &r cgeyreting ¢ bavkenddesignrpdnh &d fifoor oneonstalrirocess @
backend design of an IC fromone netal process to
anodiren inegal preeess, themodtlesscontpsinget hod conpri si ng:
determ ning | ayer constructions of an original design

ofdetddminifg fagér cdndtiucEbnytadlorighACt &t FHRCESHT a lfigs aktQn
the | aver constructions of the original design of the

I C, conddehdipfdcBd; Pprimtive layer constructions of a
target design of the IC for a second netal backend

PrRc&tch the E%tkf stikidhs Bﬂghg ﬁﬂé?g?l L 51%{1 of i Ibaé&gﬁmcttiﬁlg

desi gn to ch associ at _ esl st anc_eé
targ e&)rig]?é\llﬁquevrmc})gstr%gtri(;nes%?91rt]a(.jrlg&%eglegltl %k the (iélfgrt AREER rggtal
the origina
backend process;
scaling metal thicknesses of the target design to match associated metal resistances
of the target design with corresponding metal resistances of the original
design;
tuning an effective dielectric constant of a dielectric layer of the target design to
match an associated capacitance of the target design with a corresponding

capacitance of the original design; and

generating final layout of the target design.

13. The method of claim 12 wherein tuning the effective dielectric constant comprises

adjusting a thickness of the dielectric layer.

14. The method of claim 13 wherein the dielectric layer comprises a nitride layer.
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design; tuning an effective dielectric constant of a
dielectric layer of the target design to match an
associ ated capacitance of the target design with a
correspondi ng capacitance of the original design; and
generating final layout of the target design. 13. The
nmet hod of claim 12 wherein tuning the effective

di rj lses dj.ust.ing .a thickness.
1555 fEhGl Br SR0T 12 OhebBBAL B c RO E%P b FPses
. wherein the dielectric |ayer conprises a. nitride
INSPILE A COMPENSFRON G Ctﬁﬁﬁ‘?yggﬂ%’fn%‘l‘ ?‘Hlﬁt?dgwgﬁsn t uni ng

the effective dielectric constant conprises inserting

a conpensation dielectric layer having a cal cul at ed

thi ckness. 16. The nethod of claim 15 wherein the
16.cEhgpapthad pbelaian & whereindthe agrapenseinprdidesirialayei coniutises a

| ayer. 17. The nmethod of claim 12 wherein the
nitiidecloyat ric layer is an intranmetal dielectric |ayer

and the associ ated capacitance is an intranetal

capacitance. 18. The nethod of claim 12 wherein the

dielectric layer is an internetal dielectric |ayer

17.aTKE fBBod@sB&sinal PdheRRARE HRNCRIC 1By dnth@iBhiclectric layer
capaci tance. 19, The nethod of claim12 wherein the

andfht gésﬂé’iateg %%ﬁnaglﬁzéﬂc? i Qf iné%rgglagﬁagggtaﬁgé? cess, and the

target desi or Cu process. 20. A process
for using Cu BEOL to fabricate an integrated circuit
(1C originally having an At backend design, the

18.t ecrs%io& 8war1ilms i f%her%ﬁctﬁé gfe{é%tn%qa}élr isba%cigl%?rgetglecﬁclelggtrig Iayer

and the associated capacitance is an intermetal capacitance.

19. The method of claim 12 wherein the original design is for Al backend process, and

the target design is for Cu backend process.

20. A process for using Cu BEOL to fabricate an integrated circuit (IC) originally having
an Al backend design, the process comprising:

receiving an Al backend design of the IC;

determining layer constructions of the Al backend design;

constructing primitive layer constructions of a Cu backend design of the IC

according to the layer constructions of the Al backend design;
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determ ning | ayer constructions of the Al backend

desi gn; constructing primtive |ayer constructions of
a Cu backend design of the IC according to the |ayer
constructions of the Al backend design; 41 scaling
nmetal thicknesses of a target design to match

associ ated netal resistances of the Cu baekend design

wi th correspondi ng netal resistances of the A )
a@w@mn@t@lstgghf,lesmmf adarget depige & mgleh @psepiatedmagal resistances of
constant of a dielectric |ayer of the. Cu backend

desi githe obarktmhdeaignazisoairaspodogpagaltrasistencss of the ACa
backend with a corresponding capacitance of the Al
backemdcladad design; wherei n tuning the effective
dielectric constant of the dielectric |layer conprises

adhsing b gffectivb Ak ssScoabtaht T adli@éR64 laly6r dfaly@Cu Bickend design
inserting a conpensation dielectric |layer having a

cal cul@tBgh ah RipkRRISapdhndedr e &hﬁac@eﬁdo\@gifsegrr&séﬁ(ﬂﬁg

with a layout rile check tool to identify a _
L e
dest e 00 AT LS L Roangn 08,0 Blene
dielectric layer or inserting a compensation dielectric layer having a calculated
thickness;
verifying the Cu backend design with a layout rule check tool to identify a
violation;
fixing the violation identified if there is any;
generating final layout of the Cu backend design; and

fabricating the IC based on the Cu backend design using Cu BEOL fabrication

process.
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