A METHOD FOR PROCESSING IC DESIGNS FOR DIFFERENT METAL
BEOL PROCESSES CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] The present application is related to commonly
assigned U.S. patent application, entitled "A Method for Using a Cu BEOL
Process to Fabricate an Integrated Circuit (IC) Originally Having an Al
Design", filed on even date. BACKGROUND 1. Field of the Invention
[0002] The present invention relates generally to the field of
semiconductors, particularly to manufacturing methods for fabricating
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[0002] The present invention relates generally to the field of semiconductors,
particularly to manufacturing methods for fabricating semiconductor devices, and more
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




1 more semiconductor devices (transistors in particular) formed on a
single IC, and all these semiconductor devices need to be properly
connected. This is accomplished by multilayer metallization, with each
metallization layer designated as Metal 1, Metal 2, so on, where Metal | is
the metallization layer closest to the underlying semiconductor devices to
provide local connections among neighboring devices, and other
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interference caused by the increasingly dense€ interconnects. The problem
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density means longer signal delays caused by the interconnects, a
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Enhancements in integrated circuit (IC) density and performance as
can ipketietsad dyviearrsiliawihaks éuecled the semiconductor industry and

resultant Information Revolution for over 40 years. This has resulted in a
[000dfeat Aurindbeshahdeyetoymyemtsafisemiconductor industry BEOL was generally
less important than FEOL, the recent advancements have changed that equation.
Microchip interconnect technology has become a critical challenge for future IC
advancements due to the increasing difficulties to reduce signal propagation delay or
interference caused by the increasingly dense interconnects. The problem is particularly
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




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 2 different metal, as exemplified by the aluminum
(Al to copper (Cu) transition. 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
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with traditional Al metallization (e.g., the effective resistivity of Ti/
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as less electromigration) and reduced steps of fabrication. [0006J The
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years of development activities, Cu technology first started to be
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then has quickly swept nearly the entire semiconductor manufacturing
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discussed above, the phenomenon of the rapid Cu dominance also has to
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industry. For

a | pm line is ~2.2 pQ-cm) as compared with traditional Al metallization (e.g., the

effective resistivity of TI/Al(Cu)/Tiina 1 pm line is ~3.3 uQ-cm) as well as improved
reliability (such as less electromigration) and reduced steps of fabrication.

[0006] The transition from Al technology to Cu technology has been dramatic. After
years of development activities, Cu technology first started to be implemented in some
advanced ICs such as microprocessors, but since then has quickly swept nearly the entire
semiconductor manufacturing indﬁstry. 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




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 A] to Cu transition in a sweeping manner, even though 3
there are still many product designs that could be adequately
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techfiology more difficult. 10007] On the other hand, the semiconductor
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industry in the Al-to-Cutransition. Most chipmakers or fabrication service

manRESMIEIRES HERMEIAJN0RCLIBEEE A CHPBRAIEINAMINE @ YarainOhPERASG  as

many of which have been designed based on Al technology. From a
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not be fabricated using 0. 13 [tin (or below) technology and thus need not
techhe @gsignedifsdd on Cu process. This led to an undesirable situation

where a company that has a product design based on Al process will
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who
ahead of the product/application industry in the Al-to-Cu transition. Most chipmakers or
fabrication service providers serve a broad range of customers having a variety of
products, many of which have been designed based on Al technology. From a standpoint
of the product design alone, many of these Al designs need not be fabricated using 0.13
pm (or below) technology and thus 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.




still maintains a production line based on Al technology, which is
becoming increasingly more difficult or less economical. 4 SUMMARY OF
THE INVENTION [0008] This invention provides a method for processing
IC designs for different metal BEOL processes. The method determines
layer constructions of an original design of an IC for a first metal backend
process, and constructs primitive layer constructions of a target design of
the IC for a second _{ 3 bagkend process | the layer
constructions of the BHYNASe s r-b At —thetrethod then tunes an
fective . dielectric constant of a dielectric layer o &E target.design to
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method is used to convert an IC design based on Al backend process to
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method in accordance with the present invention may be used for
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metal backend process. [00091 In one embodiment, tuning the effective
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thickness of the dielectric layer, which in some embodiments is a nitride
backiaykdetipanaibiap eebadinénhdonigigdné:dfectiviked@lesitiCon the first metal

backend process is converted the target design of the IC, and the target design can then be
used to fabricate the IC using the second metal backend process without requiring the IC
to be redesigned. In one embodiment, the method is used to convert an IC design bésed
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 dielectric 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.




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. 5
[00010] When the dielectric layer being adjusted is an intrametal dielectric
layer, the associated capacitance being matched is an intrametal
capacitance. When the dielectric layer being adjusted is an intermetal
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generating layout of the target barkend design: (2) checking the Tayout
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Optical Proximity Correction (OPC) and (4) verifying mask layer
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BEOL to fabricate an integrated circuit (IC) originally having an Al

[0002CkeTHeARsIB hAG PEACESS 40 mMPprisihikhesiepstil (doteeablag] Aastin
backend design of the IC; (2) determining layer construction of the Al
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backend design of the IC according to the layer construction of the Al
metabagkemates of the original design. The method may also perform additional steps
including (1) generating layout of the target backend design; (2) checking the layout with
a Design-Rule Checking (DRC) tool; (3) placing model/rule-based Optical Proximity
Correction (OPC); and (4) verifying mask layer generation.
[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




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 A] 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
aaglitclye pdisiealiscansiant.of e dieleckie uer comprises adiusting &ic
Ickness of the dielectric layer or insérting a cormpensation dieléctric
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FIGURES [00015] The invention will be described in detail along with the
BEOD!@vsiatiigirel’. which like parts are denoted with like reference
numerals or letters. [00016] FIG. | is a block diagram showing an outline
[000afiFevenaknTaitirsieirl afithatapstbpthéineetidanie wishibenpre semily
invention. [00017] FIG. 2 is a schematic cross-sectional view of an
unddrsandableetdim dia fidddioimgalehited e rppresant digrecef both Cu
(generated by either dual or single damascene




process) and Al interconnect metallization architectures on top of
poly/contact substrate. [00018] FIG. 3 shows cross-sections of a Cu line
resistor and an Al line resister with barrier layers or coatings. [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, [O%gﬁg]FFgﬁs 8%11%31%@@@2& 8|£ igg%e via{metal
enclosures and architecture.
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FIG. 10 shows an exemplary sequence of process steps used to
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process scheme with a trench etch-stop layer. 8 [000251 FIG. 11 shows

metl%ﬂ%@&@%ééﬁc%e\%ﬁ%@{%ﬂ%ﬁ%ﬁﬁps used to create a dual
damascene interconnect structure using the trench-first process scheme
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process) and Al interconnect metallization architectures on top of poly/contact substrate.
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[00018] FIG. 3 shows cross-sections of a Cu line resistor and an Al line resister with
barrier layers or coatings.

[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.




9 DETAILED DESCRIPTION OF THE INVENTION 1000271 Disclosed
below are representative embodiments of a method of processing IC
designs for different metal BEOL processes. The representative
embodiments are disclosed herein for purposes of illustrating. The
disclosed systems and methods should not be construed as limiting in
any way. Instead, the present disclosure is directed toward all novel and
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thereof, nor to the disclosed systems and methods require that any one
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the present disclosure, the terms fabrication process,
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"backend technology" are used interchangeably. [000291 In accordance

layeMVith 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 10 circuit design related to
interconnect layout are maintained by the replacement of the original
metal interconnects with the new metal interconnects. These aspects
include parameters such as inter-metal or intra-metal capacitors, and

metal line resi f&l i % @ﬁﬁ; ﬁi@i{.{@mﬂ%nce& In some
embodiments; 0 ensures that
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outline of several major steps of the method in accordance wit
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designs for different metal BEOL processes includes the following major
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determines layer construction of an original design of an IC based on a
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primitive layer construction of a target design of the IC for a second metal
alonbaglend pogessnisiadinoniel Hiddayditaisl watioonOhdbtheriginatefore,
design. [000331 At step 120, the method tunes an effective dielectric
theseandiathtof aidiriectiponl gyespatifie daitgrlitesig arto imalddl ah RSSOIRIE By
capacitance of the target backend design with a corresponding
the papacitaveeioithd lorigistahisackiendtbesigre not limited to any specific aspect or

feature or combinations thereof, nor to the disclosed systems and methods require that
any one or more specific advantages be present or problems be solved.

[00028] In the present disclosure, the terms “BEOL fabrication process,” “BEOL
process,” “backend fabrication process,” “backend process,” and “backend technology”
are used inter\changeably.

[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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[000341 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 | backend process that is different
from the original metal backend process thus enabling fabricating the IC
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target design based on the new metal backend process. For example, in

pres@ a0 EARBH MR LN aR BMERe S Bal Rl ERSIRIRRE RS Qlthe ighget

backend design with metal resistances of the original backend design. In
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target design further includes the following steps: [000371 (a) generatlng

slottiay elétAfheiaigpladasigis. [000381 (b) checking the layout with a
Design-Rule Checking (DRC) tool; [000391 (c) placing model/rule-based

[0008pticHIBraXismityl seRrdegtion BRGhaaE o[ ARALOL st kifyjogstegskiiaer
generation. [000411 The above steps, including both the major steps and
methtftbiadcitodmlcstepd, thegresent invention. As shown in FIG. 1, the method of
processing IC designs for different metal BEOL processes includes the following major
steps:
[00031] At step 100 as shown in FIG. 1, the method obtains or determines layer
construction of an original design of an IC based on a first metal backend process.
[00032] Atstep 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
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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 [000421 1. Obtaining/determining

ayer constr, C|on the backen 00043I the
b S AR Bt e AP ALIH HRGP Pt gy avling

fabr1§e ﬂgﬂ?@%}f@%@%}%@ er\!v é}aﬁ%“&” é?é%(fo:%guﬁ ouP;(e)dlﬂCt ]gT dy%il ﬁ;géng the

e tecrnica representatlo e ora

1C bRYQY GIP A Y NS AeHIGIGAMpRIYQr the product Company toa

semiconductor manufacturing company (chipmaker) for fabrication of the
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thlcknesses of inter-layer dielectric layers (ILD), thicknesses of inter-metal
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(ILD or IMD). In a more common form, however, the technical

adjuseior 8seniakiandtipcapicdfadD files containing systematic design
information for fabrication. As known in the art, from the CAD files, data of

[00084]Itip/Ehermsthae eipnineBidnaddi tibaas etepe oo Gurthier PREELIRE tBaNabget design
captured and extracted using appropriate software. Such data include the

baserhetdtienpropettiebackeod paeisys Borextielplefriaondthitbedicicat diss method
section. The data of each cross section is assigned using object

mataliefimgtah seshvtanbie of dedituitiash bygicad W estgodaththethpesstances of the

original backend design. In other embodiments, for example, converting the original

design to the target design further includes the following steps:

[00037] (a) generating layout of the target design;

[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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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

imple analytical roach for intergonnect, capacitange ang ingductance.
o0 e 0 e B e e e R B e

. ' ) ion for.i i . fil ith
tech%{v%rﬁ?gg)ﬁgseegl%r’flﬁp o%' g}gé%talo ?sc?%]llcrgecig%rr] gféaklc%rolsﬁinsfegﬁl% &% %%:Ssggén@%

electric stac ectric constant, met

ol N A o

comP¥aiFbing Bﬁlﬁ@%ﬂﬁgﬂﬁ%iQ@éﬂﬁ@o%ﬁbpﬁﬁ!ﬁﬁ%ﬂﬁﬁ@%ﬂ%ﬂ9

determine the boundaries of the process. [000451 2. Constructing

(chipiaENy Py Ransh UERR HRE G U PRCKR RE A8 S RAEAIGING: 1R B lRveT

construction of the Al backend design [000461 The layer construction of

.can Be A haskaoehiie 9 bdo s RSN dIR eMaic ARHIRGRAINL I8

converted Cu backend design in accordance with the present invention.

compiegidaiess tlevdiiencoistaldirekenanie i aled isiestadHRk R fas kiR es

a circuit design, the final product is expected to have common or
of inteséapalidigléeaiviages . Defdtlicresniceiclay Rt angbtatomy O OR4B 1

FIG. 2 is a schematic cross-sectional view of an interconnect metallization
and digdhitectarastepref eathtivel attothaCri{dp@hPratdiViby) eithe nduakomsaiogle

damascene
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
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
mateﬁaL naming rule, plating, dielectric type, and conductor type (signal or ground). The
data is assigned using object definitions to represenf 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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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 (STI)
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

. Jower vias/contacts 205, vias 215 viag 5 (vi and 35rg|\r/iaT metal
i AR T R ST Gr R T PP Ty AR and
rc flielectric layers 206 (ILDO), 212 (IMD 1), 217 (ILD 1), 222 (IMD2), 227

iLB2), 232 (IMD3), 237 (ILDT) and 242 (IMDT). On top of the multilayer

[OOdJi‘ifrCOﬁ[é%o%‘%?ﬂViﬁQé’ﬂaﬁé‘iﬁ%P&éﬁ&%? 'X?cﬂ%g%'ﬁ‘ﬁfﬁ%ﬁ#ﬂg&wﬁwith

bond 250, metal bump 260 (as used in flip chip packaging

an ADSRISCRIRELRELANES HORAA A AV BSIHIG AR G2 19 @ multi-level

metal interconnect showing four levels of metal, Metal | (MT1 210), Metal

[00045M T3 228 MRt Sl ve38) 3 ke M VTu BARerdiagHAl

modem interconnect metallization architecture may have even more (six

accoRdilPOkSIRIA eyRlsutiienBhitdevel el dgpeonnect, alternating levels
run orthogonal to the levels above and below to minimize inter-level

[00046E rfeT@RARydNIOB WA IOE 8l d MEHaCRARCEdRAr forthe AHESE ang HRbYigh
used within a cell or block where the finest metal pitch design is

start@ig playetbrln dhevenpe Cglobdldndetesgn aciscoriaiectivithiiesp@eent
designed to be long, thick and wide, the metal interconnects are used for

invefrtten-bRegardiessroiiwidabi onethh bhe&pnditbehisrogydssiganl fotenmediaterdayers
are adopted to redistribute densely packed wires (metal interconnects). At

circthial¢oigratbel fidd pmdsctpassieated tthheue bosithen A1 yeimmbbing Sef@uges wirigs
bond 250) or solder balls (e.g., metal

metal interconnect layer construction.

[00047] FIG. 2 is a schematic cross-sectional view of an interconnect metallization
architecture representative of both Cu (generated by either dual or single damascene
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 (STI) 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 (ILDO0), 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

14




bump 260). [00048] In each layer, metals or vias are deposited in one or
more dielectrics. In the present disclosure, dielectrics between two
adjacent metal levels are refer-red 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

IMD I Id I 206 hat I
R BN 7 mf e yeraD am%fv%é’éh“%va%g?&?“ ebilo

Ere i Sl ¢ et
240)[0 4ﬁch' (i%erﬁ?&les § A?eéé?negp m%If III?%Ia 152 I;lrbc IIe(t,I?l%éA‘ II’IQ ¢ Ie(l\efg %Iv%g nggf (six

n are expected t0o have common or resem

or m{SRJ SR RINGHA T RURIGGINGSH Iﬂéé‘?éo‘iﬁ'%é@”dﬁ@%t 1 run

conistruction of the Al backend design forms a basis and a rough starting

orthQIRLIRY MERNUEI LR e URPENERSIRRIEM I AP IanCR M IO-IRE.. PR RN

invention. Once the layer construction of an existing Al backend design is

lowéiI%%Eﬂﬁl@%ﬁﬂéﬂﬂ&f&@)’%%?éér&emyqséﬂ-{tﬁﬁ%%@ﬁ SESIGk HheCihe

forth according to the layer construction of the At backend design.

finedORCRPbikEre REBHIN@ARIBY &R B M6 PP RTlaBLih ARSI QFHIRs the lines

however, is generally inadequate to be used as a final design for Cu
re desigkraddabligatjahicheaaraiag, e e iarhediventeohibe Bresenblock

invention described below, before taking an existing At design for Cu
cominticamse Clrpdege sshiadvenal gl ivtahsidias: dagetanieddoptdd tthatch up
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).
[00048] In each layer, 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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the original design and manufacturing requirements. [000511 3. Matching
metal resistances of the Cu backend design with metal resistances of the
At backend design [000521 As recognized above, simply taking the layer
construction of the original At 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,
inter gr'grvl\/eeftepa§,hle c%rlljsg'uctlenqh s#n ar}%t%ﬂ%tf%%% %lh(em d (ireg{S I sa
cause “there are enera?l erences In process arc ture d) the

bas1s34ﬁ t&'?@t'l%[ ea%ﬂgsspgﬁt% ct %ﬁ@%&%@&%ﬁtﬁg ?ﬁ‘é&ﬁ@%?éf%?&k"t%e

CtI’IC onstan ctric layers. In accor nce wit epresen

presdVAIERRoR S HA MARNEIESERLIR Ve %91%?1%‘ i sanpaagsed to

match up the electrical characteristics. [000531 One parameter that can

detelpRRAYstad oA theRIaRHH £0arpsiRiRligs R G Qamagagof?&mg to

design'is the line resistance of metal line resistors. 16 [000541 FIG. 3

the 18RQWSHSIRRESE6H BRSAQfatkehyatdlen300a and an A] structure 300b with
barrier layers or coatings. Cu line 310a is generally electroplated and is

[000SOFrourtdastiBRibarsias l@yetdhen whilk SllngidddiisBeRewNeA KAl
(Cu) alloy deposited by PVD and is sandwiched by contact layers 320b.

genelldlly isdstancetobeusstl uSIMASi it ROMTHIbEREIdybridutbe ] Oadtsaihg
and barrier layer 320a surrounding the Cu line 310a. Barrier layer 320a is

to sogenanalidian bidhod ohcipieieity/ithosuennakistivity) behietribtRuelaling bn Eaisting
TiN, TaN, TaSIN, TiTa, TiwW, WN or other refractory metals and their

Al deogngoufdsderaliogst Similsylpetiemtedibtanee sépilastruatued GG isatch up
contributed by Al line 310b itself

the original design and manufacturing requirements.

[00051] 3. Matching metal resistances of the Cu backend design with metal

resistances of the Al backend design

[00052] As recognized above, simply taking the layer 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 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. [000551 Matching the resistance of Cu structure 300a

Alsiructure 300b may be accomplished b aling the cross-secti
oo R R R A e

a, the Cross-section o

with%@rf‘?gpﬁplerp8¥V§o\éﬁn[é§§§{liﬁ C&q}g%e;i i%ﬁi%?e%gg@g% ggdsgas'ﬁ}% NGad

Cross-section o aa IS IS"Tbecau IcCkness o

be bRAEISLIRY8H0320RAENISIIR BerieRITIciRARY 59%%@%&&%9 BERSRS BY PvD

even if 1t is notrestricted would only have-a relatively small range o

and RUMRIMRREIHIRYRUENLEH RUN O AULAUEL: itk BHOGIRR DS 004 is

cross-section of Cu line 3 1 Oa may be scaled by changing either the

contfiBIAB Y Ehisknesskak thl GaHigasthe widiholiheSudios the 310a.

former (changing hCu) is preferred because changing the thickness of the

BarrfeH 1106 200018 ookt il e BeH d it @ ABIEN S P BRBGR K9 M Berial such as Ti,
manufacturing point of view. hi contrast, changing the width of 17 the Cu

Ta, 1ine, WiNalBesaNeTIThCSTAM eNBi oD Okinisaaneia el RGHE SHIMENhasiiay S
intra- metal capacitances, further complicating the process. [000561
alloyAcSindlitagily;, tire aedseste i atl sennrod 300 isnefatibasidtanod Hhe s @itself
backend design is matched with metal resistances of the Al backend
and clegigh lbyesitipip stahmghting theckh&ss §helghChataytdayhes G20bnec3inally
The scaling can be performed by simply determining the copper thickness
madeofraspudiiifigetonaieris] tuidkaes Bas€tNod'aN, 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.
[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
hey (thickness) of the Cu line or the width of the Cu line, the former (changing hc,) 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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comparing Cu resistivity with Al resistivity. The resistivity of Cu is about
30% lower than that of A] 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

o G RR i B HEn AL BERan o Wb U e

mensjons g)f hrﬁé?sistors ma Hle sufficiently accurate for many

[
metaq cd ac1%ance CO 1catin € Process. . .
applications.’However, ﬁ{llwlgahe accBracy IS required, the scaling of the Cu

[ood%&ih s H&%Q?d%@g%%%%gﬁ%%&ﬁﬁﬁ&ﬁ%&l? GHerf 9e§}98}{82 Bi3Rey

efine ng Mo iques. FAr example, upon a rough

backRhd i 0% SSIURALYAKSHAANRIEHRR, OF Ak RIS &Y RagkERY dasian

may be taken as a starting point for a round of SPICE simulationt which

scah%g RS RN GHERH R M FIREHTAIE PRIMaIRNI Ageai i ﬁerfcarmed by

aracteristics Including line resistances of the interim Cu backen

simﬂ?ﬁ@@nﬂ—ihﬁx%QEU 68 et g RS EAHRBBHIARAS MR HREA RS BAiEPHRe

for further refined scaling. The process may be reiterated until a

comPaiREACORSIAELY i B IRinegstkdtt 0PA8 8dsitiMBiehi0g ISR, lower

capacitances of the Cu backend design with intra- metal capacitances of

thanthRtAFpacirIyd €irbign [0R)SBkipetie spaiantietothbinea doRapisiediea
match the electrical characteristics of Cu design and Al design is the

including-highiat capaieinteTaNdshmvpeiowriouadmgaheiOdiselihgr@diahbig
intra-metal capacitances of the Al design with intra-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.
[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 examp'l'e, 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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capacitances of the corresponding Cu design may be accomplished by
tuning an effective dielectric constant of intra-metal dielectric layers.
[000601 FIGS. 4-5 are schematic cross-sectional views of a small section
of an exemplary layer construction of an A] backend design and the
corresponding layer construction of a Cu backend design, showing
intra-metal capacitances. FIG. 4 shows the Al layer construction having
[OO(ﬁkjg[)e i(i Fc%% 491‘1%%/—4111:1"6 Qleerln chl a(i!le‘e::islcr)]tJ ﬁ'{g _rlpgatt% edl(? !Eecs:}m\l;vai e{ntra-

meti apidiaR usraly A WAL gg)sg,%'!ng through inter-layer dielectric layer

(ICD) 417 and connecting to nextlevel Al interconnects 420a/420b

[00039}Peddedhn, iraspeiahditlactic, daariNR) @R % d QAR L G R SRONE

the corresponding Cu layer construction having Cu interconnects

of c‘ékfééz’%a&l%% Redeedk imdntzamcial digleatiiclRy et (WM dySHal AN

oxide layer such as a silicon oxide), cap layer 514 (usually a nitride), and

emb¥iBmodGALHR: RASSIAEN AP RRL PM8E Qiiflfe%t%'s RAYe s &di7 and
connecting to next level Cu interconnects 520a/520b embedded in
capatitiaoBetatidielaetisdayial (M BdshdPmalbear@sRpERRM DL § IEISIOM a5 tive
518 (usually a nitride such as SixNy) and cap layer 524. 1000621
dieldaitia-tossaintap adinctasdieR aaipdsii@sce between two neighboring metal
interconnects at the same metal level, for example that between the two
[00068igh 63y 4 1Pameetdldmiaic orvsecis:Haid v A20bsindhecblibackand
design (FIG. 4), and that between the two neighboring metal
exerplierydayrecnsizddian ¢ 5208l hathebdegpondgeCorzapkadid g design
(FIG. 5). A metal-to-metal capacitance is determined by the following
consfaeetips; 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
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 cbnnecting 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 SixNy) 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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[000631 (a) shape and area of the metal lines; [000641 (b) space between
the metal lines; and [00065] (c) effective dielectric constant k of the
insulating layer(s) between metal lines. [000661 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

[ ti al platting). A th it
et ST SRRty AL VBB b HoreE
he B S RS e

des@cd#'ﬂifg Seﬁ%&?ﬁ-?omnaﬁ%[ 8 %fcﬁi%@%ﬁf&el%&ﬁtjgggggiﬁ%%hcg&iiﬁ‘g”ﬁ%’ $glng

n-extra dielectric Iayer as discusse elow. Inon

[000331bogﬁﬁﬁﬁrﬁr}]&@ﬁﬂ{%ﬁgﬁh@ﬂg&ﬁri ggnstant kCu of Cu intra-metal

lelectric Is ncreased by Inserting (for a Cu process requiring no etch-stop

[000'@41”) @) é?)‘%gg%méﬁ‘?h@ﬁmﬁﬁ&?{uﬁl Cu process already requiring an

etch-stop layer) of a nitride layer, such as etch-stop layer 518. Nitride

[000§3ters Wsualvhrvadnstidislaatis onsmtiiaing BXRAIsSIM AR Al

higher k value of around 7.8, nearly 2 times higher than that of
linedluorosilicate glass (FSG) dielectric. As a result, the total (or effective)
dielectric constant of the combined dielectric layer structure between

[00068]a- M thlsdetiplHowane ZR KIS inprpasedians s aamprirsstemce
the loss of capacitance caused by 20 reducing metal platting areas to
by usigcthe medibdtHesexitsiing Mol @signird-henittgiedityaces (such as that between
Cu interconnects 520a and 520b) become smaller due to reduction of metal cross sectioh
(area of metal platting). One way to match the capacitance to the original design is to
increase the total effeétive dielectric constant between the two neighboring metal
interconnects (e.g., Cu interco@ects 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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thickness needed for a proper amount of compensation can be
determined as follows: [000681 Referring to FIGS. 4-5, to match the
intra-metal capacitances Cc. between Cu interconnects 520a and 520b
and CA, between Al interconnects 420a and 420b (i.e., Cc. CAl), one
needs [000691 kCuhCu = kAl hAl, [000701 where [000711 kCu = (kOx
(hCu - hN) + kN hN)/hCu [000721 Therefore, [000731 ((kOx (hCu - hN) +

kN hN)/hC hCu = kA1 hAl. [000741 From the gabove equation one
reduugng O AR 0 i PR AT SRS ok R CHe o gy 1
eSS AL isdhe hickness of e itide stchsigplayer 518, fsfhe Cu
meta E‘|gh dei%r Irlegl Yy maitc If% resistances of line resistor as

oo0BGECTRER AR 1AL 1 e, AL ALTEPORL 700 eIy e

W
ctive tric constant of Cu Intra- metal dielectric, ISt lelectric

interCORRARIBLRIHIS RIGRRICR, \BYEF R A MRTeis R ARG £9EAL O, =
AL j

oxide dielectric layer 522 of Cu architecture, and kA Is the effectiv
Ca)diglegtdgsconstant of intra-metal dielectric layer 422 of Al architecture.
[000771 For example, with an original Al thickness of 3500 A, FSG
[ooodRleckiceonstant, (assuming the same for both kAl and ko.) of 3.6, a
nitride dielectric constant of 7.8, and Cu thickness hCu scaled down by
[00020p0 te/B&R0 A, a nitride etch-stop layer 518 of a thickness hN of 600 A
can be used with an upper FSG dielectric layer (522) of 2200 A thickness

[000(hF U Kk (e, pravidaynatehrg/misa-metal capacitance in the Cu design.
[00072] Therefore,

[00073]  ((kox (hcy- hy) + knhn)/hey) X hey= karhar

[00074] From the above equation one can solve for hy:

[00075]  hn= (haikai - hew kox)/(kn - kox),

[00076] where hy is the thickness of the nitride etch-stop layer 518, hc, 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, ko is the
dielectric constant of oxide dielectric layer 522 of Cu architecture, and ka, 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 k4 and ko) 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 (hcy - hy) to provide matched intra-metal capacitance in the Cu design.
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21 [000781 Slightly different considerations need to be given depending
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
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

h-fjrst | pcess wjth no etch-stop layer. FqQr a Cu
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allow the nitride layer (e.g., 518 in F ully contribute to intra
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pattern (e.g., portions corresponding to thé bottom of Cu interconnects

damasRacaidceddRItaRILE HARSH BRI D& 58 MOUGH JYsd A6 HBRIG! iﬂ‘@?ﬁde_s a
etching process with high nitride-to-oxide selectivity. [000801 5. Matching

nitrilf @lysietatRapanitaILeeh thpeSRsgkandessian Wkeriiefi iR ®lyer is
capacitances of the Al backend design [000811 Another parameter that

adjused headjugtedtie matehithasival o chatactaristies iafritheapign and
A] design is the inter-metal capacitances. As shown below, in one

capaeitinoeimBmt naighringsintkat indtad i€ dpaciianeemied ihdatAdebsignyviin etch-
inter-metal

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

matching the intra-metal capacitances as discussed above.

[00079] To allow the nitride layer (e.g., 518 in FIG. 5) to fully contribute to intra-
metal dielectric (IMD) insulation, the portions of the nitride layer under the metal 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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capacitances of the corresponding Cu design may be accomplished by
tuning an effective dielectric constant of inter-metal dielectric layers. 22
[00082] 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

sidergtiopn to mat pacitance .is the.effective k value (dielectric
0 AV LN o Lo RSy T
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inter-layer metal' capacitance can be simply manage ustin
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refore 000851 tILD_: W "), [000861 where kA1l is the
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which may either be a single material layer or a combined layer of more
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an

dielectric layer including inter-layer dielectric ( nitride cap

interl 3R AdAABGIED OL3IGRd (BPDREE NANTEXS IMRIANyeRRRMNG S SNaded can

process contains a combined inter-layer dielectric layer including two

be sieploGHIGARYE 15 AT ahNEHE ITanECcRAL)s ibeotidastive k value ", of the
combined inter-layer dielectric layer can be defined as: [000881 kCu' =

[000831 X ts<HQpt@xAlkEY, [000891 where tN is the thickness of nitride cap
layer 514, which is generally

[00084] therefore,

[00085]  tiwp= tai(kcu/kar),

[00086] where kap is the effective k value of the inter-layer dielectric 417 in the

original Al design, which may either be a single material layer or a combined layer of

more than one material, k¢, 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 k¢ of the combined inter-layer dielectric layer can be defined as:

[00088] kcuw= (knxtn+ kox x tox)/tip,

[00089] where tﬁ 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 ty p, the sum of oxide thickness tox and the nitride layer thickness ty, is

determined by tiip= tox + tn.
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determined by the particular Cu process to be used for fabricating the IC,
and the total ILD thickness tILD, the sum of oxide thickness to. and the
nitride layer thickness tN, is determined by tILD = tox + tN. 23 1000901
With the above relations, the metal height hCu, (which includes the nitride
etch- stop layer thickness hN), and the ILD thickness tILD (which includes
the nitride cap layer thickness tN) may be determined or estimated. The

QU R TR

e metal'heig U an SeTr
re used, to further refine rimitive or interim Jayer,,construction, of
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As discussed below, additional steps may be taken to further improve the
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are also described in a later section of the present description. 1000921

condrat@M Blighy Carl¥sgie IMD and one ILD related to exemplary metal
layers are discussed. But the same principle may be applied to other

[00094Ds avighl sibo B dctayiBed adpiiticdians O priviiesi tiyandiheuction of

design. In addition, although the above discussions assumed, for
the Gindpdigitly athiadathaed doulaydpss is dherneddadigingdviee M ddsigigmfHpve then

the same dielectric constant and all nitride layers in the Cu design also
usednayéalitieatap i ciedaotriial bzamgta stoustickscon diddQ ishich retyinel, Kaden Al

who is skilled in the art
design. As discussed below, additional steps may be taken to further improve the Cu
design. Exemplary processes to form such Cu metallization structures are also described
in a later section of the present description.
[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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will readily appreciate that the same principle as discussed above may be
applied to various layers with different dielectric constants. [000931 6.
Design rule check (DRC) and correction [000941 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
24 and via rules. In addition to matching resistances and capacitances as

described abpve, some embodiments of the present invention als
and SR e A ST e B B T A Spcaed above,
rule-related requirements, [000951 Specifically, the following aspects of
o R e ren A e SR Bl ARl
%
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e original des iImensions to the maximum feasible extent, unless
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Nominal sizes and spaces of metals and vias 971 With a Cu
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may be taken to verify metal size and space, via size and space wit

accoﬁ%@&ﬂ@ﬂi@%ﬁf&aﬂd'@s?gr? heneHaiRldepian AmenseasEReic (RlYs
accommodated to the maximum extent unless process problems may be

with6REQM IS WHRREE promlem SR eiRsoMelRldand via resizing potentially
could cause serious performance problems or even functional problems

[00096] theyBiexarshekis bedapsessetieanduliv under guidance from original
designer of the Al design. In one preferred embodiment, no change is
[00080he WhithheGotdédamgibtaihedefiain the original Al design as described above, a
further step may be taken to verify metal size and space, via size and space with
corresponding Cu rules. The original design dimensions are preferably accommodated to
the maximum extent unless process problems may be encountered without proper
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 betweén 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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[000981 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). 1000991 b) Minimum

sure and metallvia over 10001001 FIG.
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minimum via/metal efclosure and via/metal overlay for'via and metal
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processes may require more than one via (e.g., via array 650, 660, 670
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wide. In some Cu backend processes, rectangle vias (e.g., via 640) are
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during patterning process. [0001011 c) Maximum metal width and density

to cofiles (e A2l 1bwesome L ireoiteises nital dasigwitky Neeshio Cotelyend
with requirements of a maximum width (e.g. 15 [err]n) and a maximum

proceseigreetasgly (éag (d/5Ywvia 400 xrd QhoskaDpinony usdbevyias 8%izad3i0perly
- 300 stepping window). In case of such violations by wide metal lines,

accoréigigdtidnasbmktap dudihggratieneta plensisy may be necessary. This may
be accomplished by adjusting Cu thickness, slotting, or a combination
[00010d le of) Maximum metal width and density rules
[000102] In some Cu processes, the design may need to comply with requirements of a
maximum width (e.g. 15 pm) and a maximum metal density (e.g. 75% in 100 x 100
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

26




Slotting is generally more preferred than metal thickness control to reduce
metal width and metal density. [0001031 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. 10001041 FIG. 7 shows an example of slotting. Multiple slots
éo enings) 710 are made, qn wide Cu,interconnect 700 to reduce rée
senct Y BT oAy O SUh K S R R, BT Bt b SOt
ro ue&cl%séggnd[cstances are defined for each circuit design 26 generation.
q ]ﬂo&/ever, §n‘y rule of slotting may be used if there is a special condition
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u proces ave minimum metal pattern density rules
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control at all metal levels. With such rules, the total metal coverage a
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pattern density for Cu process. One way to increase metal density to

such A& e favaimea %@%M%%H%Hﬁ%@%ﬁa@ﬂ%@_b@@ fcRliRaiNeast the
which the mask operation fills an open space by inserting dummy metal
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a 3 00 x 3 00 stepping window). 10001071 FIG. 8 shows an example of
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increase the metal density. Cu dummies 810 maybe made using an

operatidnfilsiarfitprlg spiterd dinsagilgydundssigttal paciualifalteation(e.g. 20% in
dummies

a 100 x 100 stepping window or 10% in a 300 x 300 stepping window).

[000107] FIG. 8 shows an example of dumification. Cu dummies 810 are inserted in
wide empty space 800 to increase the metal density. Cu dummies 810 may be made
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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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. [0001081 7. Optical Proximity Correction
(OPQ procedure [0001091 In addition to the above described procedures

10008@(? SRcareonie d?éé?f?ﬁ%‘l’?%%%ﬁhf“’@ AR e e

al or1 ustt((j)atar%rlor to mask mak m&mn sﬁ:a h; or a(r)%tslnte?fdkuq 0 maxmqe
g ern ety yan ﬁfon uring Warer proc smg

w1th%gs?ﬁ%?uﬁg§ tlﬂp 'e? 8}85&%&\!&'%1931 l%ts%glt 1¥%%98nb? C}ren"élg tRQtSEd non—

ms to pro duce appropriate correction s a[bes ayouts W

comPREH I5RMB WD dRRignsBles TR-acepEaRs egvllﬂag%% B Csﬁsmn paralle

Invention, it Is preferred that any non- compllan layou tor elve custom

wuh%&m%?i%&é?@ AlARE SRR ARRlE P BLAlel AN M Here is in

placement, and the resultant data files may be merged later. If there is in
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data treatment may be required to prevent making shape corrections
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requirement during mask OPC processing. Protected layout may receive
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algorithms maybe used to address complicated shapes and interaction
layowtithasursaine g ddtierng. of istomycoddetidit Begueypdly. process window. In
[000111] Model-based algorithms may be used to address complicated shapes and
interaction with surrounding patterns. This may widen lithography process window. In
lower levels of local interconnect, such as Metal 1 (M1) and Metal 2 (M2), narrow lines
next to a wide big piece metal may need to be sized up 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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lower levels of local interconnect, such as Metal | (MIl) and Metal 2 (M2),
narrow lines next to a wide big piece metal may need to be sized up 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. [0001121 8. Other considerations [000113] In
some applications, chip guard rings maybe added to the Cu. design. The

chip qu g&in enerally needs to be a comple brok ing aroun
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exc Q%ﬂﬂg%ﬁ qeg%v% c hoe glL%aartdc(r)irr}grgt all backend layers, especially via
yers, should Be resca edcaccordlng to the Cu process requirement.
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clearance distance of the guard ring and scribe line Trom the active die

fabriilehake derendent on wire bond or bump assembly options, such as
Controﬁea C

ollapse Chip 28 Connection (C4) bump assembly. The Cu
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which occur at comers. [0001141 9. Fabricating the IC based on the Cu
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Cu design is complete, it is then used in a Cu BEOL fabrication process
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used for any type of Cu BEOL fabrication process. Because presently
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processes as used in Al processes still cannot be used to form Cu
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generally uses damascene schemes which does not require etching of Cu layers.
Presently, several schemes, including a number of variations of single damascene scheme
and dual damascene scheme, which are described below, may be used.

[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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generally uses damascene schemes which does not require etching of Cu
layers. Presently, several schemes, including a number of variations of
single damascene scheme and dual damascene scheme, which are
described below, may be used. [0001161 a) Single Damascene [0001171
FIG. 9 shows an exemplary sequence of process steps used to create a
single damascene interconnect structure. Single damascene interconnect

me. is used for creating either tal interconnect or a via,
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deposited sequentially. Photoresist 940'is deposited to pattern the vias (or
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step 2, via space 950 (or trench if the process is to form a meta
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etched through in order to make conductive connection between the via
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be a contact, a via or a metal interconnect depending on the structure. At
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space 950 that has been etched out in dielectrics. The multi-layer
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tertiary films
and top Cu film of the block Cu 960 are removed by CMP from areas above the surface
of the ILD 920, leaving the remaining barrier-layer and Cu 960 recessed in via/trench
space 950. The entire wafer surface is then covered by deposited diffusion barrier layer
970 (silicon nitride or silicon carbide for inorganic 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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(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 of the ILD 920, leaving
the remaining barrier-layer and Cu 960 recessed in via/trench space 950.
The entire wafer surface is then covered by deposited diffusion barrier

(silicon nitride or sil con carbide for jnorganic ILD, or xide fo
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single damascene processes are used to run via layer and metal layer
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inductors in a BEOL flow of RF devices. [0001211 b) Dual Damascene 30
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and trenches for metal interconnect simultaneously. There are a number

silic&f elifarRTbAHR EARATIENG HGHE e SR M AN, isealnleRP dRBkARS. 10

shows an exemplary sequence of process steps used to create a dual
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a trench etch-
sequentially deposited on the polished metal layer 1000 of the previous level, followed by
photo patterning using photoresist 1060 and etching to form the via space 1070 into the
ILD 1020.
[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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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 (INID) 1040 (oxide, fluorinated oxide,
or inorganic/organic low k) and ARC 1050 are sequentially deposited on
the polished metal layer 1000 of the previous level, followed by photo
. patternjng using phaotoresist 1060 and etching to form the via space_1070
alignment RICTRRS A RO lﬁzﬁlmwb%,Sk%ﬂo&ma%hﬁt&@s@ﬁsﬁ?sbﬂrﬁ

bo tomﬁticreflecﬁiqn coati é}BARC and/or photoresist 1075 are used to
approfefas iHsEHe R BAY BREIGFE ERPBEIs deposited on top of ARC

0 rm trench etching pattern. At step 4, after, photo osure and
00 e A S B e R B e e
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cene Is genera ore efficient because it forms the vias and the

silic%ﬁ%ﬁ'ﬂ@éﬁﬂb‘ H256HE i&éf?&@p%i@xpﬁf ASHRBR AidagienviD 1140,

amascene scheme. However, in the dual damascene scheme iliustrated
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and dust poses potential reliability issues. For this reason, the dual
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ample 31 alignment tolerance is provided in the initial design. As a
11905 pstifetiadtbe tierahdisteapipionich asy ievateddaefiounmaydpeaphyrss
appropriate. [0001261 FIG. 11 shows an exemplary sequence of process
shovsiepFiGed toTtie atayehdlpaleduce trench/via alignment problems as compared to
the via-first process scheme shown in FIG. 10. In case of misalignment, partial vias can
be avoided by using sufficient over-etching to ensure that the full ILD/IMD thickness is
cleared.
[000127] As will be illustrated 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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damascene interconnect structure using the trench-first process scheme
with a trench etch-stop layer. FIG. 11 shows previous metal layer | 100,
dielectric cap layer I | 10 (e.g., silicon nitride), ILD 1120, metal etch stop
layer 1130 (e.qg., silicon nitride), INM 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, i r e etched.tr hich may.present significant.
Lt b ot e iba Ty MRS
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In'FIG, 10. In Case of misalignment, partia y using
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10001271 As will be illustrated'in FIG. 12, the scheme shoyvn in FIG. |
IMDNRY RgBsitEanshaishesten 1aveidd th0 saRd dsflme thols BRetio copHGhe

initial trench depth. With this arrangement, some variations in depths with

ILDfea{UNISiZeHs 196R1 1905 QBsINEIARe apiydes RxRaketobseienes! Abw
etch-stop layer 1130 beneath the trench improves trench depth control

and e Beads ¢t HiglbeibHAs AN, EhedcPOMRl nUoath 8igieiatns. The dual
materials (e.g., silicon nitride and silicon carbide) exhibit higher dielectric

damasseakasitidias shypraah ®LGel sy ot Msydktlgthetties {9003t 23 ik cent B-first
shows an exemplary sequence of process steps used to create a dual
apprdachascHngritterooRRERt Kirlitture using the trench-first process scheme
with no etch-stop layer. FIG. 12 shows previous metal layer 1200,
[000d29¢ cliiccasgs telyene B2t gchsiliophay8P is-used (e-g-, the-scheme shown in FIG.
11), two different dielectric layers may be used (not counting etch-stop layers) for ILD
and IMD, one with lower dielectric constant than the other. For example, the dielectric
with the lower k may be used as IMD level, while the other placed at the via/ILD level.
The low-k IMD approach is expected to see more applications as fragile low-k materials
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 um 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 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

ocess flow and the%?stc cle time, and thus a moye desired roach
slob] SFROmIeSH YR H41E BT BRI S KBSEERRE RS RS e o,
uliRayhe,u ae(él in either the via-first or the trench-first approach as
t|]|]i’ustgra edMEIGS. 10- 11. 10001291 In cases where a trench etch-stop
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applications as fragile low-k matérials with reduced mechanical strength
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planarity within wafer and within die is critical to facilitate patterning of fine

the f@RIVERSPlaVIG Bl @ScarPfor HHEPANLSINA SvVENEQUMABIOPG! 08Yw B,
from 0.1 gin to 0.6 [err]m) would cause irregular metal line shapes or

A batiepanad siiagdlotibensie finaightiond aeabartiXCead aishe tolskance @ngerof
the depth of focus. Like ILD planarization in Al subtractive BEOL process,

and ENpRdcarslaa upeohiofiokigiately afdétiols i\ siep paiidationdlaraigkoto
dielectric surface topography inherited from underlying layers. Insertion of
sens#i GI\IB el BBy cmcbeasetsdotad postoiegrocdsssuafddloéthiofi@al stack
should be selectively used, for example, to facilitate lithography patterning
as a bufferdayspbetween the chip and package. ,
[000132] For the solder bump application (as needed for flip chip package), the
commonly used under-barrier metallurgies (UBM) (in A/W BEOL) may not be
compatible with Cu metallization. New barrier composites are being developed for
various bump solder materials from lead-containing solder material (e.g., Pbs3Sns7, high
lead PbosSns, 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 global interconnect layers, where accumulative topography has been
formed from multiple stack layers. [0001311 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

origigllg y{ga Stud on rgﬂﬁ’i“i?ﬁ{) the p swatlo rgarh%%%%%;czéﬁ[é& &nd

foll blnar)étfllms such as TaN and Ta) is used to interface Cu wire and Al pad.
TR oBflon of chip end conditions, an organic passivation layer (photo
ated and patterned on the surface

mOOﬁ?%flt%ﬁa?s a[:nﬁng ‘é%f:ﬁ%ﬁlg;er Betieen the chip and package.
[000) (s 1% BobREAl SRS OUMR ARPIFRHIOR @ageded for fip chip

), the ¢ on y used un arrier metallurgies (UBM) (in Al/W
[000@ g‘?n&gmé’ﬁé@lﬁéfé’ g t‘ﬁé’ﬂ%‘@éﬁ&%ﬂﬁ Y R8WSHces of a Cu

composﬂes are eing developed for various bump solder materials from
desifgad-containing solder material (e.g., Pb635n37, high lead Pb95Sns5,
Ultra-low alpha, etc.) to lead free materials (e.g., SnAg, SnCuAg, Sn, etc.)

[000434Y the)URSRHYIP nEARRETal [BRRE RIS RIS AS el nignimiaMites a

method enabling fabrication of an IC originally having an Al backend

capadR&igBsWTING atdekiggkend process without requiring either redesigning
the IC based on Cu backend process or using an Al backend fabrication

[000pB3tess) martinelhodraaenidinghéitdhe: prakentlidveph ovithaycpenctal
incorporated

capacitances of the Cu design;

[000139] (f) verifying the Cu design with a layout rule check tool to identify a violation;

[000140] (g) fixing the violation identified if there is any;

[000141] (h) generating final layout of the Cu design; and

[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] (D) 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 semiconductor chipmaker in a process for using Cu BEOL to
fabricate an IC 34 originally having an Al backend design. For example,
the process may include the following steps: 10001341 (a) receiving an Al
design for the IC; 1000135] (b) obtaining layer construction of the Al
design; 10001361 (c) matching metal resistances of the A] design with
metal resistances of a Cu design; 1000137] (d) matching intra-metal
capacitances of the Al design with intra-metal capacitances of the Cu
&b@ig R eI8 1Ry N HCHAY AL e RIS LRI AN SRR AV B BSRY T
with inter-metal capacitances of the Cu design; 10001391 .(f) verifying the
curreat dgaufiss Wih? A58y uttti 815{’06?5[@?&'«%%{1&}6&?7%?1‘&?8 E2y1 1401
rfﬁg fixin thegf\{iolatti n igentified if there is any; 10001411 (h) generating
pe aeyo the ulzélelgflgn; and 10001421 (i) fabricating the IC based on
roool{161CHAESIARSIRG. Gl RECL Fabricaan RIpeeas A0PLISAID yew of

ecurrén us of semicon r manufacturing | as described

e SRR A
mo sﬁﬁ%ﬁkﬁex@ﬂ%ﬂ?&e@ﬂ%b&'% ?Lfnp, 69y %@%@ 8:15 pm technologies.

[000

[000150] 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

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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[0001461 (c) limited additional product design effort; and [0001471 (d)
relatively fewer process steps than A] BEOL process and thus a more cost
effective production structure. 35 10001481 Furthermore, improved
clectromigration resistance of copper allows higher current densities to be
used in existing design, resulting in better reliability and performance than
Al metallization. 10001491 This invention is particularly suitable to enable
.. CuBEOQL process o manufactyre IC devices previous}i\/ cﬁzigne for A‘I%
CompREIA pidBMIERgorECt "BYAPagS IRSSL ST e HXiSRr e &éﬁﬁ? 0.
in, 0. 18 ~mi and 0..15 ~|.m techpolggies. [Q001501 This.invention is .
read G SnEasRES AURHER R A HROE RGP REST AT A LA P atr n
including process optians.described herein and further listed in the ‘
an eﬁcgﬁllgbb’?n%%%@?sl.xpﬁgstlﬁ%lg:sﬂpees%fg &%pper Processes Option A
Opfion 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 [0001511 The
above description, including the specification and drawings, is illustrative
and not restrictive. Many variations of the invention will become apparent
to those of
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skill in the art upon review of this disclosure. Various features and aspects
of the above- described disclosure maybe 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 wi full scope of equivalents. In
Wh addi&i%),n, it will be recognized that the terms 36 "comprising,” "including,"
AR HEARES" as used herein, are specifically intended to be read as
1. AQRSRe e d crms ofarh The (RHmy e 85 LSed BErSIn S OLa 901G, poq
operator In”an exclasive sense uniess explicitly described as suc ™
comCljﬁé%IIMS What is claimed is: 1. A method for processing IC designs for
Hifferént metal BEOL processes, the method comprising: determining
'%%rﬁﬁaﬁ{rg% %ﬂitﬁ(ét%{%'%@%coﬂgﬁigﬁéfo%&%? PR TR metal
backend proceéss; based on the layer Tonstructions of the original design
of the t@a&%ﬁ%&é@,@ primitive layer constructions of a target design of
the IC for a second metal backend process; and tuning an effective

digleets grnalrRtehdriielasdide iRy eripidheitaiget fesien Qnstructing

primitive layer constructions of a target design of the IC for a second metal
backend process; and

tuning 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.

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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match an associated capacitance of the target backend design with a
corresponding capacitance of the original backend design. 2. The method
of claim | 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 | 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

itride, | .386. T thod, of claim | wherein the di tric | '
. R T R SR e
andi trameta{c Eacit nce. /. The methad of cl§irr(1:el wherein the dielectric

a(f/g?sl%céanefrﬁ Shheal %ﬁé?ea&rlir(l:t %‘?Str? &1 the"S&sociated capacitance is

an intermetal capacitance. 8. The method of claim | wherein the original
backend design is for Al backend process, and the target backend design

7. TR QY PESENE PIR&EH She 1 JNGIAGR SRR LRI PIRARE Y B er,

constructions having parameters including metal thicknesses,

and HICKRESHR QLIAGHAYE T IRIGRIIG BN EDA R cLhicknesses of intermt-tal

dielectric layers (BAD) and dielectric constant of each dielectric material
(ILD or ITNID). 10. The method of claim | further comprising: scaling
metal thicknesses of the target backend design to match associated metal

8. The method of claim 1 wherein the original backend design is for Al backend process,

and the target backend design is for Cu backend process.

9. The method of claim 1 wherein the layer constructions having parameters 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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resistances of the target backend design with corresponding metal
resistances of the original design. 11. The method of claim | further
comprising: generating layout of the target backend design; checking the
layout with a Design-Rule Checking (DRC) tool; 39 placing
model/rule-based Optical Proximity Correction (OPC); and verifying mask
layer generation. 12. A method for converting a backend design of an IC

from one metal prqocess to another metal process, ethod
DR TE CRLF AR RGP DR S oF GPELA o BBign of the IC
for a first metal backend process; based on the layer constructions of the
oﬁ‘@?ﬁ%’lngégf‘ﬁg ik ?ﬁ@q’&fr&%tructing primitive layer constructions of a
target design of the IC for a second metal backend process; scaling metal
thicknesses of the target design to match associated metal resistances of

o g Ao T A,

esign; tuning an efrrective ectric

anot}%;g[ﬁ&q?ﬁg@egg’ mateha ggg%ggﬁg%qtcapacitance of the target design

with a corresponding capacit he original design; and generating

figallayatobiee areehAR39BE an original design of the IC for a first metal

backend process;

based on the layer constructions of the original design of the IC, constructing
primitive layer constructions of a target design of the IC for a second metal
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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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. 40 15. The
method of claim 12 wherein tuning the effective dielectric constant
comprises inserting a compensation dielectric layer having a calculated
thickness. 16. The method of claim 15 wherein the compensation
,gh?lect éa r comprises a, nitride I yer, 17, T}é ethod of claim 12
15, msTRor S AR VAP I e el e il ol panprises
l%ssomated ca aC|t e |s |ntr metal capac a a!(ﬁs The method of
St 12RRAEEIR ﬁ’é ieleeth ay%vrll ETRTy ermet&il f&tric layer 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
16. ﬁefg% AP dRIR! (S éﬁ@ﬂa?&?@é&sa%@ BIQSHE T2 U3 ﬁg&% REOL
ricate an integrated circuit rlglna aving an Al backend
nitridlesion, the process comprising: receiving an Al backend design of the IC;
determlnlng 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; 41 scaling metal

17. tHekngnsesfitha 1BroslaAasian ndeaieh Bpso st mriahl enriapeasyer

and the associated capacitance is an intrametal capacitance.

18. The method of claim 12 wherein the dielectric layer is an intermetal dielectric layer

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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of the Cu backend design with corresponding metal resistances of the Al
backend design; 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 dielectric constant of the dielectric layer
comprises adjusting a thickness of the dielectric layer or inserting a

ensatl ectric I er having a.calculated thickness; verifying the
VBB LGRS 5 AT SRR Tbr b RSP YA ees
T O T T T
deS|g% sknlgd%léSIBEOL fabrication process. 42
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 dielectric
constant of the dielectric layer comprises adjusting a thickness of the
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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