A METHOD FOR USING A CU BEOL PROCESS TO FABRICATE AN
INTEGRATED CIRCUIT (IC) ORIGINALLY HAVING AN AL DESIGN
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
application is related to commonly assigned U.S. patent application,
entitled "A Method for Processing IC Designs for Different Metal BEOL
Processes", filed on even date. BACKGROUND 1. Field of the Invention
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Art [0003] The semiconductor manufacturing process, when likened to an
assembly line, includes two major components, namely the
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actual forming of semiconductor devices (transistors, etc.) on a
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includes the metallization after the semiconductor devices have been
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such as an integrated circuit (IC) need to be electronically connected

Proctiéedrghvdrigdevénaiatitegrated circuit, such wiring is done through
multilayer metallization on top of the multilayered semiconductor devices
formed on the semiconduct® ACksiROENDe complexity of this wiring
becomes immediately appreciable once one realizes that there are
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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.)
6n 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

metallization layers provide increasingly gl l%al connections fr. Metal 2
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technology has become a critical challenge for future’lC~advancements
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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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traveling time between local semiconductor devices, making metallization
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Enhancements in integrated circuit (IC) density and performance as
can redictett dyndoonemlliauibaleyéueled the semiconductor industry and
resultant Information Revolution for over 40 years. The fabrication of
[000d¢ep shtmicggomte zarhrgeaScdlscmiconductor 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. The fabrication of deep submicron Ultra-Large Scale

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

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




Integrated (ULSI) circuits requires long interconnects having small
contacts and small cross-sections. In the past generation of
semiconductor manufacturing process 2 technology (industry generally
considers 0. 13 V in a boundary), aluminum (Al) and Al alloys have been
used as conventional chip wiring materials while tungsten (W) has been
used as contact plug between metal layers. The newer generation of the

semiconductor manufacturing process technology has made it necessary
o R R AR U S ol P SR PR A
allo Tsﬂ?a%ti)%gg %tiggl a%fc%% o ClIl)chrin e&?llig aglo tenals sv%i?s.tan e@g?% {e%rs been

%ggresswe Interconnects scaﬁlng ue 10 s ower re&s‘?mﬂ?ﬁe.g.,

o MRS L TACHIDALPING o B2 EGaT) B, compared.

with traditional Al metallizatiorr (€.9., t Ve resistivity of T/
e e e P BN
wit PREHREY BLiE N RIGLAP b gHRalamahas ReR 4, g\‘g&) After
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then has quickly swept nearly the entire semiconductor manufacturing
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discussed above, the phenomenon of the rapio! Cu dominance also h_as to
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industry. For example, because it is generally less expensive to maintain

in 22 fiRgladviRe P mandiaciyiag dngfheretorinabiiaitwe difiegent types of
manufacturing lines with one line implementing Al technology and the
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[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 industry. In addition to the technological mandate for Cu
technology as discussed above, the phenomenon of the rapid Cu dominance also has to
do with the dynamics and the economy of semiconductor manufacturing industry. For
example, because it is generally less expensive to maintain a single type of manufacturing
line than to maintain two different types of manufacturing lines with one line
implementing Al technology and the other Cu technology, semiconductor manufacturers
generally choose fo complete the Al to Cu transition in a sweeping manner, even though
there are still many product designs that could be adequately manufactured using the

conventional Al technology. Currently, most of chipmakers have simply moved from Al

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




generally choose to complete the Al to Cu transition in a sweeping
manner, even though there are still many product designs that could be
adequately manufactured using the conventional Al technology.
Currently, most of chipmakers have simply moved from Al interconnect to
Cu interconnect fabrication (BEOL backend of line process) by following 3
semiconductor roadmap when they are ready for 0. 13 ~(err)m technology
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variety of products, many of which have been designed based on A]

techﬁ@W@&}éf{ﬁmla standpoint of the product design alone, many of these
Al designs need not be fabricated using 0. 13 pm (or below) technology
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undesirable situation where a company that has a product design based
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find a chipmaker who still maintains a production line based on Al
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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.




SUMMARY OF THE INVENT10N [00081 This invention provides a
method for using a Cu BEOL fabrication process to fabricate an
integrated circuit (IC) originally having an Al backend design. The method
converts the A] backend design to a Cu backend design without
redesigning the IC for Cu BEOL fabrication process. The conversion
includes steps of (1) obtaining/determining layer construction of the Al

backend design; (2) ' o) rm}u:\ﬁw BRFtruction of a Cu

backend design accﬁme—g{mnmﬁﬁomf the A] backend
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the Al backend design; and (5) matching inter-metal capacitance of the
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design. Upon the conversion, the method fabricates the IC based on the
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In one embodiment, the layer construction has parameters including metal
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of inter-metal dielectric layers (IMD) and dielectric constant of each

of a digtecikisddidpnbdddight Bhe R0 IO stmanm efmbedinrbkenbdeking (3)
metal resistances of the Cu backend design with metal resistances of the
matcAlrpaclcer dedisgigeecofmpiSashackdind desi ghiwkihasses résading Cif the Al
thicknesses may be accomplished by determining a copper thickness
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Al resistivity, or by determining a Cu thickness corresponding to an A]
intrathictehespastisect ool dhsindubatkrndedasigis wod 65 rSRTEedeemsiaiulation)

of a model for the Cu backend design.
capacitance of the Cu backend design with inter-metal capacitances of the Al backend

design. Upon the conversion, the method fabricates the IC based on the obtained Cu
backend design using Cu BEOL fabrication process.

{0009] In one embodiment, the layer construction has parameters including metal
thicknesses, thicknesses of inter-layer dielectric layers (ILD), thicknesses of inter-metal
dielectric layers (IMD) and dielectric constant of each dielectric material (ILD or IMD).
[00010] In one embodiment, matching metal resistances of the Cu backend design with
metal resistances of the Al backend design comprises scaling Cu thicknesses. Scaling Cu
thicknesses may be accomplished by determining a copper thickness corresponding to an
Al thickness based on comparing Cu resistivity with Al resistivity, or by determining a
Cu thickness corresponding to an Al thickness based on a simulation result (such as

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




5[000111 In one embodiment, matching intra-metal capacitances of the
Cu backend design with intra-metal capacitances of the Al backend
design comprises tuning an effective dielectric constant of intra-metal
dielectric layers. Tuning the effective dielectric constant of intra-metal
dielectric layers may be accomplished by adjusting a thickness of a
nitride layer, or by inserting a nitride layer having a calculated thickness.
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rule check tool to identify a violation and fixing the V|0Iat|on identl
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violations of a maximum metal width rule or a maximum metal density
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portion of Cu metallization involved in the violation, or by adjusting a Cu
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design with metal resistances of the Al backend design. Verifying the Cu

effedibekdiodesigmsnay efsadnelisde didbsetifyngany Vighions effectiiaimum
metal width rule or a minimum metal density rule. Fixing the violation
dieldclentioadtmay foa ateomplisldedebyrinbaringay brrayctuplisata lixeditosting a
other embodiments, verifying the Cu backend design comprises
thickness of a dielectric layer.
[00013] Converting the Al backend design to the Cu backend design may further
includes steps of verifying the Cu backend design with a layout rule check tool to identify
a violation and fixing the violation identified if there is any. Verifying the Cu backend
design may include identifying any violations of a maximum metal width rule or a
maximum metal density rule. Fixing the violation identified may be accomplished by
slotting a portion of Cu metallization involved in the violation, or by adjusting a Cu
thickness determined in matching metal resistances of the Cu backend design with metal
resistances of the Al backend design. Verifying the Cu backend design may also include
identifying any violations of a minimum metal width rule or a minimum metal density
rule. Fixing the violation identified may be accomplished by inserting dummy Cu

metallization. In other embodiments, verifying the Cu backend design comprises

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




identifying any violations of a metal size rule, a via size rule, a metal-metal
spacing rule, 6 a metal-via spacing rule, a minimum via/metal enclosure
rule, or a minimum metal/via overlay rule. [000141 Converting the At
backend design to the Cu backend design may further includes steps of.
generating layout of the Cu backend design, checking the layout with a
Design-Rule Checking (DRC) tool, placing model/rale-based Optical
Proximity Correction gQP% an ver'féjlr% mask l%yer generation. %0 151
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'ntel%ligted circuit (IC) originally having an Al backend design. The process

Overcaza(}'mpn'sing the steps of (1) receiving an Al backend design of the IC; (2)
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inter-metal capacitances of the At backend design; (7) verifying the Cu
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fixing the violation identified if there is any; (9) generating final layout of
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backend design using Cu BEOL fabrication process. [000161 Other
the diepswed prdcdvgninge bakind deseniionthed l@eQy deecmarentehasity
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) matching metal resistances of the Cu backend design with metal resistances of
the Al backend design; (5) matching intra-metal capacitances of the Cu backend design
with intra-metal capacitances of the Al backend design; (6) matching inter-metal
capacitance of the Cu backend design with inter-metal capacitances of the Al backend
design; (7) verifying the Cu backend design with a layout rule check tool to identify a
violation; (8) fixing the violation identified if there is any; (9) generating final layout of
the Cu backend design; and (10) fabricating the IC based on the Cu backend design using
Cu BEOL fabrication process.

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

understandable from the following detailed description and figures.




understandable from the following detailed description and figures. 7
BRIEF DESCRIPTION OF THE FIGURES [000171 The invention will be
described in detail along with the following figures, in which like parts are
denoted with like reference numerals or letters. 1000181 FIG. | is a block
diagram showing an outline of several major steps of the method in
accordance with the present |nvent|on 1000191 FIG 2 is a schematic
cross-sectional vi Y chltecture
representative o S5t =Single damascene
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construction of a corresponding Cu backend design, sho ra-metal

methRPRAGRBAERONR e AhowsAN example of some via/metal

enclosures and via/metal overlays in a Cu interconnect architecture.
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example of dumification. [000251 FIG. 9 shows an exemplary sequence of
archREGRRSScpieRentitRA BT Braattud SRR 4B 8ReRANIRIGABRRESIEUEIY e

[000261 FIG. 10 shows an exemplary sequence of process steps used to
procesepdedAduaterconnect metallization architectures on top of poly/contact substrate.
[00020] FIG. 3 shows cross-sections of a Cu line resistor and an Al line resister with
barrier layers or coatings.

[00021] 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.

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

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

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

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

[00026] FIG. 10 shows an exemplary sequence of process steps used to create a dual

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

stop layer.




damascene interconnect structure using the via-first process scheme with
a trench etch- stop layer. [000271 FIG. 11 shows an exemplary sequence
of process steps used to create a dual damascene interconnect structure
using the trench-first process scheme with a trench etch-stop layer.
[000281 FIG. 12 shows an exemplary sequence of process steps used to
create a dual damascene interconnect structure using the trench-first

e with no etch-stop layer. 9 DETAILED DESCRIPTIO
ClRm R e e e n s T
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abricate an integrated circuit origina y vmg an esign.
otch-KR6 iEpLesentative embodiments are disclosed herein for purposes of
illustrating. The disclosed systems and methods should not be construed
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all novel and nonobvious features and aspects of the various disclosed
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with one another. Therefore, these and other variations upon the specific

laye€mbodiments are intended to be covered by the present inventions. The
systems and methods are 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. [00030] In the present disclosure, the terms "BEOL fabrication
process," "BEOL




process," "backend fabrication process," "backend process," and
"backend technology"~' are -used interchangeably. [000311 In accordance
with the present invention, it is envisioned that a Cu BEOL fabrication
process is used to fabricate an integrated circuit (IC) originally having an
Al backend design. The method does not require that the IC be
redesigned for Cu backend process, or that the design be fabricated
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with Cu’interconnects. These aspects include parameters suc Inter-
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circuit timing performances. In some embodiments, the methodology of
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design is converted to satisfy Cu process design rules including
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is a block diagram showing an outline of several major steps of the

combieihesk ihacabrdatiaritis thizhnsasanstise igte e sthevd il bitker 1, the
method of using a Cu BEOL fabrication process to fabricate an integrated

variaticewitiplin) theigheaific Srabbtinani hboickenitdestgrraveledésy the potkaning
major steps: [00033] At step 100 as shown in FIG. 1, the method obtains

inventicisteTimrsystéayeand methods are 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.

[00030] In the present disclosure, the terms “BEOL fabrication process,” “BEOL
process,” “backend fabrication process,” “backend process,” and “backend technology”
are used interchangeably.

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

invention ensures that the functional and performance aspects of the existing circuit
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construction of the A] backend design. [000341 At step 110, the method
constructs primitive layer construction of a Cu backend design according
to the layer construction of the Al backend design. [000351 At step 120,
the method matches metal resistances of the Cu backend design with
metal resistances of the Al backend design. 1000361 At step 130, the
method matches intra-metal capacitances of the Cu backend design with
. intra-metal capacitances of the A] backend design. [000371 At step 140,
cesi g B e R SRR S A BB CE P PP AT BRAEN clsign
inter NI e Eapaciiances aldhe, Albackend desian. (000361 A1l siep
i%l, upon the conversion, the method Tabricates the 16 based on the Cu
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embodiments, itional steps may be taken to conv Al backen
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converting the A] design to the Cu design further includes the following
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checking the layout with a Design-Rule Checking (DRC) tool; 0421 (c)
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00043] (d) verifying mask layer generation. [000441 The above steps,
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further detail below. 1000451 1. Obtaining/determining layer construction
methofitieadddraakendithasigpresent invention. As shown in FIG. 1, the method of

using a Cu BEOL fabrication process to fabricate an integrated circuit (IC) originally
having an Al backend design includes the following major steps:

[00033] At step 100 as shown in FIG. 1, the method obtains or determines layer
construction of the Al backend design.

[00034] At step 110, the method constructs primitive layer construction of a Cu
backend design according to the layer construction of the Al backend design.

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

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

[00037] At step 140, the method matches inter-metal capacitance of the Cu backend
design with inter-metal capacitances of the Al backend design.

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

Cu backend design using Cu BEOL fabrication process.
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[000461 In the present invention, the term "design" or "circuit design”
refers to a technical representation of a certain semiconductor product.
Typically, the design (the technical representation) is a data file or a set of
data files provided by the design company or the product company to a
semiconductor manufacturing company (chipmaker) for fabrication of the
product. The technical representation of the product can be of various
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representatlon is a set of CAD files containing systematic design

[00086Pr Ml R {era iRl I63HRNLARKORWEiBLthe art, from the CAD files, data of

multiple cross-section regions of the semiconductor product can be

[0002aPtUTEs) ARLLENTACIRY MRS IRRIIGRERIR IO tiaBinS OR dptadnclude the
material properties of 12 conductors and dielectrics within each cross

[0002RFtiONC) g Httmol €At B SRENAN PR ARSI TESHUSH COECTY; and
definitions. An object definition typically includes the type of material,
[00043Min@dyulesi Blinigngaskeigetredgpioand conductor type (signal or ground),
The data is assigned using object definitions to represent cross-section
[00044]fileTlaf thevdesigs ipchdling doth thayraprisepsfaidtiafite ditadelisgpising
simulation software such as SPICE. For a given technology, for example,
desc8PiC R Mmotlet detaibbedlommodate a set of typical circuit design parameters
(e.g., design parameters for CMOS) and a S|mple analytlcal approach for

[0004#%brcnr

[00046] In the present invention, the term "design" or "circuit design" refers to a
technical representation of a certain semiconductor product. Typically, the design (the
technical representation) is a data file or a set of data files provided by the design
company or the product company to a semiconductor manufacturing company
(chipmaker) for fabrication of the product. The technical representation of the product
can be of various forms. In one exemplary form, the technical representation has
corapiled data on the layer construction parameters such as metal thicknesses, thicknesses
of inter-layer dielectric layers (ILD), thicknesses of inter-metal dielectric layefs (IMD)
and dielectric constant of each dielectric material (ILD or IMD). In a more common
form, however, the technical representation is a set of CAD files containing systematic
design information for fabrication. As known in the art, from the CAD files, data of
multiple cross-section regions of the semiconductor product can be captured and

extracted using appropriate software. Such data include the material properties of
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cover a wide range of process parameter variations. For 2D simulation for
interconnects, cross-section profiles with well-defined dielectric stack,
dielectric constant, metal thickness and other vertical dimension can be
used to predict capacitance, resistance and RC delay. 1000471 The
above provides basic information for matching a Cu backend design with
an Al backend design and to determine the boundaries of the process.

con 1019'[9)?88 %&gl:éingtt r%gt\%vr} A ién(i:ﬂvec)lfsiél & 18nSLEﬂ%tié>aQa0f ea%hl (l))racken .delssig
according to ﬁer[layer consiruction of the At bac enc?de5|gn ﬁfﬁéﬁ hé

s A gt g AR i
matEHES Y AL REgAdlesHOhNRIGhd NGl RAsGRd &gﬁm%@%%&&&f%e

for manufacturing a circuit design, the final product’is expected To have

dataGO NG hgﬁ%géggm AdRAIERS 15 LSl NS OB HIRYE of the design

construction. 01 FIG. 2 is a schematic cross-sectional view of an

prodiéeEEANRAEbeRRBalesrREIUeHY BsiAR ErRMAlN WAt SGdh as SPICE.

(generated by either dual or single damascene 13 process) and Al
For Nigrenrablvgfatihz atiamie; ISiPeC iRsden Japet pahiienniacies ubsipatal

The interconnect metallization architecture in FIG. 2 shows semiconductor
circsitiissigiep20theshalloyy, desigh paedatioa Sl MOIONA02 sinthRodsilt0s

gate (POLY) 204 in its lower portion representing the poly/contact
appreatistiatetédeotmpa ctipagiahde andaiotisclatrats FGE muoltdbigel sotensdiaact

metallization structure including lower vias/contacts 205, vias 215 (vial),
covez 25x(via Pangn @ BB aap)rameter nateatommelbes 2DGivila)oRRG (MF)n2d0s,
cross-section profiles with well-defined dielectric stack, dielectric constant, metal
thickness and other vertical dimension can be used to predict capacitance, resistance and
RC delay.
[00047] The above provides basic information for matching a Cu backend design with

an Al backend design and to determine the boundaries of the process.

[00048] 2. Constructing primitive layer construction of a Cu backend design

according to the layer construction of the Al backend design

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

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

architecture representative of both Cu (generated by either dual or single damascene
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(MT3) and 240 (NTI), and dielectric layers 206 (ILDO), 212 (IMD 1), 217
(ILD 1), 222 (IMD2),227 (ILD2),232 (IMD3),237 (ILDT) and 242 (IMDT).
Ontopofthe multilayer interconnect metallization structure is a passivation
layer including wire bond 250, metal bump 260 (as used in flip chip
packaging). The interconnect metallization architecture shown in FIG. 2 is
a multi-level metal interconnect showing four levels of metal, Metal | (MTI

210), al 2 (MT2 220), Metal 3 (MT3 230) and Top Metal (MT 240). An
process) AR RIFTTRPARES AT W&%‘Hi%ﬁ&ﬁc iPé‘c‘i?Ré’%&Mc \‘}éa%‘\féﬂ??)“rate'
more (six_or mqre) metal levels. In.a multi-level metal int t
The e T e A et R s oA R At 200,
minjmize inter-level interferen In the , lower local i layer
shal R e B Rt e R S ECnaRt (RO AP e
ign is.emplaye ' ® i r
e S S L R G e
G5 ARG ARRMHAGRY oA M RER SHRTIGI N SR SIS dRIGIRESYS Ryers
aré adopted to redistribute densely packed wires (metal interconnects). At

215 DR 19 ase 140\ ouiputs RASE)Yalad TeNRRIRES 16| (Wifa oROINErD), yate
E)on(?ZSO)G{or S())Ider balls (e.gjl., metal bump 260). 1A€‘MP % ----- )
MTERa D4 REE]) AUicloSiR B/eiaD e e ERNOSIEAIPNE A VIS1 ), 222
dielectrics. In the present disclosure, dielectrics between two adjacent
(IMDMSlabievelDzye sefemady za7iEDTRyed diolemivs X |Ldy tophifahe
dielectrics embedding a metal interconnect layer are referred to as
multitiseriigtad digtecthieal(ibMbon Aswiaw is inphédiGatdndislaciiidaiyers/i2d Bond

250, metal bump 260 (as used in flip chip packaging). The interconnect metallization
architecture shown in FIG. 2 is a multi-level metal interconnect showing four levels of
metal, Metal 1 (MT1 210), Metal 2 (MT2 220), Metal 3 (MT3 230) and Top Metal (MT
240). An actual modern interconnect metallization architecture may have even more (six
or more) metal levels. In a multi-level metal interconnect, alternating levels run
orthogonal to the levels above and below to minimize inter-level interference. In the
lower local interconnect layers, the wires are only used within a cell or block where the
finest metal pitch design is employed. In the upper global interconnects, where the lines
are designed to be long, thick and wide, the metal interconnects are used for inter-block
communication. In deep submicron design, intermediate layers are adopted to
redistribute densely packed wires (metal interconnects). At the top are IO outputs
passivated through either Al wire bonds (e.g., wire bond 250) or solder balls (e.g., metal

bump 260).
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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,
[000521 Because the layer construction of both the At backend design

the Cu,backend design are expected ta have common or resembli
1000 A B R S o TR RS e

t ck esign forms a basis and a rqugh starting point for.a
P R P AR AT BRI R e

e o e D R I S e e

deter-mine 0] al n are set

refedQERALCAICING Q) HhE RS eSS UAiom o6 e M Easkart A8 i8ers 217,

[000531 The primitive layer construction of the Cu backend design,

227, hRAWeYe S TIO8 ISy WRResRIgHO 1R Kb 2572 fidl desion IRL BiD

backend fabrication. According to some embodiments of the present

layetSVanEQpvERBRREdi BisloMs PRfQsadAldRaR R alING SR SABd £U

interconnect process, several additional steps are carried out to match up

via/dbg At gipe 2ESigh angsenanbiassinorequisaBIgnis (RAQR4VH. Matehing

metal resistances of the Cu backend design with metal resistances of the
subldyldbaekeng dasigrodie(fingDs MésIrecRuizad aboremsittMydakindibas
layer construction of the original At backend design to be the primitive
localayeraomstisction of the Cu backend design may
[00052] 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
interconnect layer construction, the layer construction of the Al backend design forms a
basis and a rough starting point for a converted Cu backend design in accordance with the
present invention. Once the layer construction of an existing Al backend design is
determined, primitive layer construction of a Cu backend design are set forth according to
the layer construction of the Al backend design.
[00053] The primitive layer construction of the Cu backend design, however, is
generally inadequate to be used as a final design for Cu backend fabrication. According
to some embodiments of the present invention described below, before taking an existing
Al design for Cu interconnect process, several additional steps are carried out to match up
the original design and manufacturing requirements.
[00054] 3. Matching metal resistances of the Cu backend design with metal

resistances of the Al backend design
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result in inconsistency of electrical characteristics, such as
conductors/resistors and capacitors, between the Cu backend design and
the A] 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

oSSR R D e S

000561 Oné& parameter't ectric

backEHA'REIGHIER Bl %ﬁ-ﬂ‘ﬁ%@&%}%&k%ﬁ% iSrihe &ﬂ%é@ﬁéﬁ@@@ﬁ%’{rﬁa al

line resistors. [00057] FIG. 3'shows cross-sections of a Cu structure 300a

resuR 0 iACOAYi MG WERAAR VML RIS BY IR RLECA IR B IRR AR IS

generally electroplated and is surrounded be barrier layer 320a, while At

capabii6rs bOkvieganRaralbasreAd dediyRiay derosieady BMRnanthisis because

sandwiched by contact layers 320b. The resistance of Cu structure 100a

therdr€ @BHdRIIe dib¥rent i PrifesitapihnaiubannianirRygsciiOn sropanReivthe
the Cu line 3 10a. Barrier layer 320a is generally a high conductivity

mateffial¥sucasisiivity) ryaviay audeischive drldofNc TanbtahtsSiNthEidialetiMé,
WN or other refractory metals and their compounds or alloys. Similarly,
layethelnesistadme ovih shjetesen 8RRt @y sevbrilgthiayndtetinef idhaytzelf and
contact layers 320b sandwiching the At line 310b. Contact layers 320b are
consgepioalbanrhaddjefted comahichivp thatdecthisacthasderiFacsTiN, TaN, TaSiN,
TiTa, TiW, WN or other refractory metals and their compounds or alloys.
[000%6k rédistipatpiofidrdhed nelubtivas vatgtbitateaish ibgallgcttisalictedabigtistics of

choice of materials based on the design and the selected fabrication
Cu depigreaad 24 design is the line resistance of metal line resistors.

[00057] FIG. 3 shows cross-sections of a Cu structure 300a and an Al structure 300b
with barrier layers or coatings. Cu line 310a is generally electroplated and is surrounded
be barrier layer 320a, while Al line 310b is generally an Al (Cu) alloy deposited by PVD
and is sandwiched by contact layers 320b. The resistance of Cu structure 300a is
contributed by Cu line 310a itself and barrier layer 320a surrounding the Cu line 310a.
Barrier layer 320a is generally a high conductivity (lower resistivity) material such as Ti,
Ta, TiN, TaN, TaSiN, TiTa, TiW, WN or other refractory metals and their compounds or
alloys. Similarly, the resistance of Al structure 300b is contributed by Al line 310b itself
and contact layers 320b sandwiching the Al line 310b. Contact layers 320b are generally
made of a conductive material such as Ti, Ta, TiN, TaN, TaSiN, TiTa, TiW, WN or other
refractory metals and their compounds or alloys. The resistivity of the conductive
materials is usually restricted by the choice of materials based on the design and the

selected fabrication process.
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[000581 Matching the resistance of Cu structure 300a and Al structure
300b may be accomplished by scaling the cross-section of Cu line 3 1
Oa, the cross-section of barrier layer 320a, or both. Preferably, however,
resistance matching is accomplished by scaling the cross-section of Cu
line 3 1 Oa alone. This is because the thickness of barrier layer 320a
tends to be restricted by the fabrication process, or even if it is not

ool e /B sl g st
e A T R SRR R R
eSS ORISR LIS UG SIS ey,
e GRS 5 1 IO AT TR

320ag{r?:h'?}f§' ARG RPGEER: HRRDAGRRAINGNCVIGPR YRR ted would

bodiment, metal résistance of the Cu backend design is matched with

only RgiRlRERIeRcE Al tha Al A e PP RImPuRRaIRG D Ithough in
thickness (height hcu~) of the Cu line 3 1 Oa. The scaling can be

prinfIBIEGRBBELEY s RITHRAI Y CEHeiY @immawwaea{é@wye@@%ﬁ%wmﬂmﬁigm
an Al thickness based on comparing Cu resistivity with Al resistivity. The

he. (RERHYEY 6f BY Chabewr 38V wiawmeast thacihaeofhs Falny: (ot 2¥ QL) is
Taking into account the total metal cross section area including higher

preféasbbviyuialhangipgntieihayjerssufibulingéie hote sealisigfoiwaratald
thickness (height) down by 20% of the corresponding Al thickness would

casienaichametatrdimen tesisifantieingthoint 0% efth énareginealt ddsigringhetwidth of
without requiring modifying the original layout design for Al backend

the @udoeswill also affect the dimensions of intra-metal dielectrics (IMD) and thus intra-

metal capacitances, further complicating the process.

[00059] Accordingly, in one exemplary embodiment, metal resistance of the Cu
backend design is matched with metal resistances of the Al backend design by simply
scaling the thickness (height hc,) of the Cu line 310a. The scaling can be performed by
simply determining the copper thickness corresponding to an Al thickness based on
comparing Cu resistivity with Al resistivity. The resistivity of Cu is about 30% lower
than that of Al alloy (with 2% Cu). Taking into account the total metal cross section area
including higher resistivity Ta/TaN barrier layers surrounding the Cu, scaling Cu metal
thickness (height) down by 20% of the corresponding Al thickness would match metal
line resistance within (4;/-) 10% of the original design target without requiring modifying

the original layout design for Al backend process.

17




17 [000601 The above simple and straight estimation of resistance based
on material resistivity and the dimensions of the resistors may be
sufficiently accurate for many applications. However, if higher accuracy is
required, the scaling of the Cu line dimensions (such as the thickness as
discussed above) may be further refined using modeling techniques. For
example, upon a rough scaling, the resultant layer construction of an

ol A S S R e
et {nat o({electrlc c acter|§t|CS| L{L)Jdln ine S|stan §o
resistidly sd the di endl(éﬂeggn SO R g e
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reiterated until a satis ctory res tiso talné atchmg
dimfHRAL RIALFRP AL ANGESQ LA G BACKERT e slofl Wil e B Rine
capacitances of the At backen 1 [000621 Another parameter thatcan

mocf%ﬁr?gdﬂé@{ﬁﬂﬁgs Made Qﬁgyﬁlﬁéﬁ' SHB}?A ?@@éﬁ‘@@lﬂﬁgcﬁleqfegﬂtﬁﬁqm%%ﬁ{wtmn

design is the intra-ractal capacitances. As shown below, in one

of af MRLHINTENb Al nginiRaPelalkapasianaenohihe Akdesian wittricE

intra-metal capacitances of the corresponding Cu design may be

sim@eEeMRISIEEERN AU oA BHE &ivitordiglectite eanatavhobinilametal
dielectric layers. 1000631 FIGS. 4-5 are schematic cross-sectional views

chaiat@r&malliseodaiy tinanegxampiasy tayRitaan sl aaigh.baekesshits of
design and the corresponding layer construction of a Cu backend design,

the SPIV¥RGrintademetaltivapacitoascad dbl e, fbrsfupts treindd faykn€oMBY pRitass
- having At interconnects 41 Oa/4 10b embedded in intra-metal
may be reiterated until a satisfactory result is obtained.

[00061] 4. Matching intra-metal capacitances of the Cu backend design with intra-

metal capacitances of the Al backend design

[00062] | Another parameter that can be adjusted to match the electrical characteristics
of Cu design and Al design is the intra-metal capacitances. As shown below, in one
embodiment matching intra-metal capacitances of the Al design with intra-metal
capacitances of the corresponding Cu design may be accomplished by tuning an effective
dielectric constant of intra-metal dielectric layers.

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

415a/415b (usually a W plug) passing through inter-layer dielectric layer (ILD) 417 and
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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 18 connecting to next level Al interconnects
420a/420b embedded in intra-metal dielectric layer (IN41D) 422. [000641
FIG. 5 shows the corresponding Cu layer construction having Cu
interconnects 5 |I0a/5 | Ob embedded in intra-metal dielectric layer (IMD)

51 Il [ h ili ' | 514, .
oA P 1SS R R R Rl Bl

la ed'@ﬁ%ﬂ yer (ILD) 517 and connecting to next level Cu interconnects
Yy 20b’embedded in intra-metal dielectric layer (IMD) 522. FIG. 5 also

oo S ORI SISl &I SHOR BRI R g2 laver

651 Intra-me ce is'the capacitance between two

inter3GIRAB00 4R RIRERINGGR ARG SIS MERL IS @M ﬁ%ﬁg%ﬁ

between the two neighboring metal interconnects 420a and 4200 In

oxidBaFed AR I [lia- haeNd b Bl Re BYE RS WVRARIG RRTIABe 8 5156

interconnects 520a and 520b in the corresponding Cu backend design

pass{fig @Sl imstakjer Melal erNaG 92'% mmmamg& fRlewng cu

factors: [000661 (a) shape and area of the metal lines; [000671 (b) space

interBERMRENIR/FEIB e RAG ARRE L efasva e eniis) pnstant ksofiso

the insulating layer(s) between metal lines. [000691 In the example
shoveeretnsiof14yS: 8 (Upnllynaithidgstitt RSaNinen®sipianee sky. using the

method described above, the intra-metal capacitances (such as that
[000i68}webnra-metal capacitance is the capacitance between two neighboring metal
interconnects at the same metal level, for example that between the two neighboring
metal interconnects 420a and 420b in the Al backend design (FIG. 4), and that between
the two neighboring metal interconnects 520a and 520b in the corresponding Cu backend
design (FIG. 5). A metal-to-metal capacitance is determined by the following factors:
[00066] (a) shape and area of the metal lines;
[00067] (b) space between the metal lines; and
[00068] (c) effective dielectric constant k of the insulating layer(s) between metal
lines.
[00069] In the example shown in FIGS. 4-5, upon matching the metal line resistance
by using the method described above, the intra-metal capacitances (such as that between
Cu interconnects 520a and 520b) become smaller due to reduction of metal cross section
(area of metal platting). One way to match the capacitance to the original design is to

increase the total effective dielectric constant between the two neighboring metal

interconnects (e.g., Cu interconnects 520a and 520b in FIG. 5). This may be
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Cu interconnects 520a and 520b) become smaller due to reduction of
metal cross section (area of metal platting). One way to match the
capacitance to the original design is to increase the total effective
dielectric constant between the two neighboring metal interconnects (e.qg.,
Cu interconnects 520a and 520b in FIG. 5). This may be 19 accomplished
in a variety of ways including selecting a material of higher dielectric

o stant k or introduging an extra dielectric layer has discussed.helow.

acoof SRR 1 8 BT ATB e i SASR Rt D LR Ll e
intra-metal dielectric is jncreased by inserting (for . process requiring

cons Ok SR 45 B P e 0 e Brocess atoady
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ayers usudlly have lelectric consta or examp el,
1] ' k. f 1i igher. t t of
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intra-metals (e.g., 520a and 520b) is inCreased and thus compensates

nitritRadpss KEAARREIRGES g@@ﬁ@@@mf%qa}@mlﬁg%mmgﬁ%ﬁeﬁec%ch
n

up with the existing Al design. The nitride layer thickness needed for a

consPiRREr PoPekithpleCOINIRRSARRAG A VAR SIStRFRIREd 8 SHalPys i RQATdhbr

Referring to FIGS. 4-5, to match the intra-metal capacitances Cc,,
than BEAVSEALGdsinterE arve ars 69 Al &28b andufiAthbabiees: Affective)

interconnects 420a and 420b (i.e., Cc~ CAlI), one needs [000721 k(,.hc,.
dielectiibjcbAdtadtQIAHS tombared dielectric layer structure between intra-metals (e.g.,
520a and 520b) is increased and thus compensates the loss of capacitance caused by
reducing metal platting areas to mach up with the existing Al design. The nitride layer
thickness needed for a proper amount of compensation can be determined as follows:
[00071] Referring to FIGS. 4-5, to match the intra-metal capacitances Cc, between Cu
interconnects 520a and 520b and Cy; between Al interconnects 420a and 420b (i.e., Ccy =
Car), one needs
[00072]  keuhew= kathar,
[00073] where
[00074]  kcy= (kox (hey - hy) + kn hy)/hey.
[00075] Therefore,
[00076]  ((kox (hcu- hn) + knhn)/hey) X e = kathat
[00077] From the above equation one can solve for hy:

[00078] hN = (hA1 kAl - hcu kox)/ (kN - kox),
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[000741 kca- (ko~ (he. - hN) + kN hN)/hC,- [000751 Therefore, [000761
((ko~ (he, - hN) + kN hN)/hc,) x hc~ = kAj hAl- 1000771 From the above
eguation one can solve for hN: [000781 hs = (hAj kA]j - he. ko.)/(kN - ko.),
20 [000791 where hN 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, hAl is the original Al metal (420a/ 420b)

ight, kc. the effective dielectric constant of Cu intra- metal dielectrj¢, KN
1000 S e s e SR o Wy P Tand T
: . [ ' tric.layer 522 .of Cu architecture, and,kAl is the
e e e e A A R e
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A, FSG dielectric constant™(assuming the same for bot I'and
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by 20% to 2800 A, a nitride etch-stop Iaye_r 518 of a thickness of 600
dieleftG8 8dRSMREST WileaNIRNEE RSG SHOleeitie IaNaltaae) 8iRQ%s e effective

thickness (hcu~- hN) to provide matched intra-metal capacitance in the Cu

dieled@RIBAnkOARSE InBlighéividiftesenicaansideredipas RaatkipuRe given

depending on the actual Cu backend process is used for fabrication of the
[00080] AsRdiseustipld, ity thesriigtail A1 thlataesse£80000A [IHSGlasgentiaRofstant

process may use a variety of process schemes, including single
(assutaimpdeenmpriocesth ki dildkdyalftiacasdieni diceesk wos@uitefors, and

etch-stop layer, trench-first dual damascene process with an etch-stop
Cu thaglercsamd, tseaied-divstnohial 0% 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.
[00081] 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 trench-first dual
damascene process with no etch-stop layer. For a Cu process that inherently includes a
nitride layer (such as an etch-stop layer), the thickness of the inherent nitride layer is
adjusted according to the above discussions in order to match the intra-metal
capacitances. For a Cu process that in itself does not require a nitride layer as an etch-

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

matching the intra-metal capacitances as discussed above.

21




damascene process with no etch-stop layer. For a Cu process that
inherently includes a nitride layer (such as an etch-stop layer), the
thickness of the inherent nitride layer is adjusted according to the above
discussions in order to match the intra-metal capacitances. For a Cu
process that in itself does not require a nitride layer as an etch- stop layer,
a nitride Iayer having a proper thickness is insetted for the purpose of

oo RS i R °9%?%aa”éfém5%f:§&m@fb°v N
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capacitances of the Al backend design [000841 Another Parameter that
sele@@fpe adjusted to match the electrical characteristics of Cu design and
Al désign is the inter-metal capacitances. As shown below, in one

[00088])PodMeRtRRALHRG-INEEI MBI GAPSEHANCES PidRe AIEESIOR Wi Ater-

inter-metal capacitances of the corresponding Cu design may be
metACaoRRHEBEL YNNG GReIl@slive dielectric constant of inter-metal

dielectric layers. [000851 Still referring to FIGS. 4-5, the matching of
[00084pr-maialieapacitasettitt idasbatekuusid ¢ thatch faciisoer dehesteitics

interconnects 510 (5 10a and 510b) and the upper Cu interconnects 520
of C(b&3ieandbADEsihssuthingtanmbanhggpicithscactivae shetal 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.

[00085]  Still referring to FIGS. 4-5, the matching of inter-metal capacitance is
illustrated using the capacitance between Cu interconnects 510 (510a and 510b) and the
upper Cu interconnects 520 (520a and 520b). Assuming no change in the active metal
layout, the only consideration to match the capacitance is the effective k value (dielectric
constant) and the total thickness of the combined inter-layer dielectric (ILD) including
inter-layer dielectric (ILD) 517 and cap layer 514. Thus inter-layer metal capacitance can
be simply managed by adjusting the ILD thickness as follows:

[00086] tip % kar=ta X kew,

[00087] therefore,

[00088]  tip= tai(kcuw/kar),
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layout, the only consideration to match the capacitance is the effective k
value (dielectric constant) and the total thickness of the combined
inter-layer dielectric (ILD) including inter-layer dielectric (ILD) 517 and cap
layer 514. Thus inter-layer metal capacitance can be simply managed by
adjusting the ILD thickness as follows: [000861 tILD x kAt'= tAt X kC-.',
[000871 therefore, [000881 t]LD = W (KC.'/KAI'), 22 [000891 where KAr is

effective,k value of.the inter-layer dielectric 417 i e origipal Al
loomig n‘fvt\f/lveﬁ?c]ﬁ*’ 15;11 & iﬁ%? %‘éeé?é’ﬁ‘]’i‘g]geoméaﬁfelrrila l]%ll%err (()P%egécc:tonn% inl?eldl Ler of

. re.t one terial, ke~ is the effective k value of the combined
ongmaq gll Hgﬁg&,e%ﬁ]& mlag elﬁ?lef t)e | nSénﬁfi:C m'flterlal ?gf:erc%i% ‘Zﬂ_ 1r§f!;|a r% of

Inter-layer ctric layer Inclu ter-layer

mor Eﬂﬁgeoﬁg QnQXS 51,5 :k(%u'rist Iﬂ?e gﬁe@ﬁ%glg %Jﬁlgg)?%e I&%ﬁéﬁgf@?—%ﬁ?ﬁdecmc

where the Cu process contains a combined inter-layer dielectric’layer

layel GRS MR ISR HEIRYEII DRIV AP il ARG ke £ e GIVe K design.

value kc~, of the’combined inter-layer dielectric layer Can be defined as:

[00088109 %4 keuxenfliy B Whre 2 M iliPod0QQRREMEL R MY Biter-layer

thickness of nitride cap layer 514, which is generally determined by the

diel RAFIGHRE fablMRGEssaibRUsE thiRFfabEraling e die sy the tatalileR

thickness tILD, the sum of oxide thickness to. and the nitride layer

valubkeknerahid Norsbid ediaiinRedp sl dot gty in [0 9N \ith the above
relations, the metal height hc~ (which includes the nitride etch- stop layer

[00091iEkn&ss ANKnatd the |LDthigkness tILD (which includes the nitride cap
[OO()'SIZV]GV where ty is the thickness of nitride cap layer 514, which is generally
determined by the particular Cu process to be used for fabricating the IC, and the total
ILD thickness ti.p, the sum of oxide thickness tox and the nitride layer thickness ty, is
determined by typ= tox + tn.

[00093] With the above relations, the metal height he, (which includes the nitride etch-
stop layer thickness hy), and the ILD thickness ty; p (which includes the nitride cap layer
thickness tn) may be determined or estimated. The total dielectric layer thickness
deposited can also be determined as the sum of the metal height hc, and the ILD
thickness tirp. These results are used to further refine the primitive or an interim layer
construction of the Cu design.

[00094] With the above described adjustments on the primitive layer construction of
the Cu design, an improved Cu design is obtained. The improved Cu design may be then

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

design. As discussed below, additional steps may be taken to further improve the Cu
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thickness tN) may be determined or estimated. The total dielectric layer
thickness deposited ran also be determined as the surn of the metal
height lic. and the ILD thickness tILD. These results are used to further
refine the primitive or an interim layer construction of the Cu design.
[00094] With the above described adjustments on the primitive layer
construction of the Cu design, an improved Cu design is obtained. The
4 .improved lCu desi?énsm?%ﬁbe therl1 ed fto fabtricatin the Cu néaeta izatigncl
eSIgh L cTTBR Y BRRFESHHiCA BRIy WA AN A R SigH AL disfisgggserioe
ina E%Q\é\é,c?lggi(t)ipggl srteesgst asxrp%ct)aken to further improve the Cu 23 design.
xemplary procegses% ormesuch Cu metallization structures are also

ibed .in a.l ' f iption, [000951 F
o S AT SSBI OOO
are ASGEIEEY %ﬁff%?%'éiﬁﬁé&ﬁeﬂﬂ?fﬁé&@%ﬁ% BRRIHS: AHREfM Xﬁl apd

ILDs In the layer con ons o design and the Cu design. In

laycPOSHLRR RIS @é%ﬁ@f?a:ﬂﬁﬁé‘%ﬁi%&dgg.s iti6h SRRV b F AL

oxide layers in the Cu design and the A] design have the same dielectric
disc&é%'ﬂﬁ@&és%ﬁ%&' k&@i%l‘ﬁ}/@ﬁﬂ& Hi'f?o?i'déjﬁ%g‘ ialag @%V@es@ﬁ 26Mke Al
dielectric constant, such condition is not required. One who'is skilled in the

desigthavil iRAdibeARRIRER I MM i AN 8iRTHRADEra mAIRCOa R APANG MY
be applied to various layers with different dielectric constants. [000961 6.

the salasigiR|sdte cbaatAPRR RBehaRiaGH o RREd. QnPrOEESSIRA%HSN the art
unique layout rules for process robustness which may not be met by the

will exddiingppkéaimethsutie ssde prinuipieraetldessltybanaxiaius fipsiaddth

- various layers with different dielectric constants.

[00096] 6. Design rule check (DRC) and correction

[00097] 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
and via rules. In addition to matching resistances and capacitances as described above,
some embodiments of the present invention also provide a systematic approach and
methods to fulfill the process rule-related requirements.

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

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

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

further step may be taken to verify metal size and space, via size and space with
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and via rules. In addition to matching resistances and capacitances as
described above, some embodiments of the present invention also
provide a systematic approach and methods to fulfill the process
rule-related requirements. [000981 Specifically, the following aspects of
the design are checked and corrected if possible to establish a more
robust Cu process. Generally, however, it is desirable to accommodate

the origing| desi imensi to.th [ feasihl tent, unl
co BT otk dElTnel VAL N e DI ORE ERRGPGD HBURS A

Nominal si spaces of 0 Cu design

es a tals and vias [0001001 With
the KT SEER SHESNACER EHMAAR B0 beeaRied WG S deo

corré‘éf'i‘é’n?.eﬁ)?e'jjgf‘a}%‘é'a{i%{%tﬁaé')éléﬁtlaaﬂg gl Y3 Sl A eﬁB%%SP(‘g:"ré;%ﬁé ems

corresponaing Cu rules. original design dimensions are pre

or eASRMBAIAISAIR AR SRR SIS HOIRSS LI CERHAT mﬁdasgm%@f
tentially

encountered without proper corrections. Metal and via resizing p

fronf;%#gngmgﬁ%figflﬁlp AT AU BAC RSP} BRSO %@BJM&HPH@ERJIHE&%@M

therefore should be assessed carefully under guidance from origina

on tHHESENRLSMIBEAdEESIgN. In one preferred embodiment, no change is
done on the total length of metal. [0001011 When at least one metal is

[000W0dpr traBnatEesRlel AEH T &S A ANBrRRAINAEIZE) othexITaRe
between the metal lines needs to be enlarged. With enlarged space

nombeiwee)) thesmetabinasnttie sealingnel e dy acbsshpartavisicalagrds
to be done accordingly in patterning (e.g., photoresist patterning in dual
spacdanrasee fie: proke iaas titesalibg @ hialowrp assd hhentwiitiiestwlitsbe done
Planarization (CMP).
accordingly in patterning (e.g., photoresist patterning in dual damascene process as
described below) and Chemical Mechanical Planarization (CMP).
[000102] b) Minimum via/metal enclosure and metal/via overlay
[000103] FIG. 6 shows an example of some via/metal enclosures and via/metal overlays
in a Cu interconnect architect. The example includes Cu interconnects 610 and 620, and
square single via 630, rectangular single via 640, and via array 650, 660, 670 and 680.
Cu backend processes generally require a minimum via/metal enclosure and metal/via
overlay for via and metal connection as indicated by the arrows in FIG. 6. Some Cu
backend processes may require more than one via (e.g., via array 650, 660, 670 and 680)
to connect upper and lower metal lines if either metal line is wide. In some Cu backend
processes, rectangle vias (e.g., via 640) are allowed as long as the vias are sized properly

according to bias buildup during patterning process.

[000104] c) Maximum metal width and density rules
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[0001021 b) Minimum via/metal enclosure and metal/via overlay [000103]
FIG. 6 shows an example of some via/metal enclosures and via/metal
overlays in a Cu interconnect architect. The example includes Cu
interconnects 6 10 and 620, and square single via 630, rectangular single
via 640, and via array 650, 660, 670 and 680. Cu backend processes
generally require a minimum via/metal enclosure and metal/via overlay
for and metal connectio |nd|cated by the arrows in FIG. 6. Some

[000(1:?45 b CREAL proLEREES ?f&ﬁ?b‘?ﬁéér%e TR SRR (léhgreq}}gw ofa

650 660, 6 o t nd | I
R 18 S RSP o ot

senfAL: alﬂgr.%dpat e .%‘5‘%#%82?5% 34%Psaﬁ%a>r({lyrsnum ﬁ%@ E?ns by
w0 OR0RIN 1R COAOTL R Bme SN AEERSRSRR. 1 sl

il
may nee to comp y wit requwements a ma

may HEEDh &Ryt g‘@l‘:ﬂ&i‘&&%& Gollink> ¢ NI0BAAR0 AlGoping

wmdow or 85% in 300 x 300 stepping window). In case of such violations

Slotfe WiglshraialiipRSyraeHel nlReiahmdibandhmata) AR0sEYRAWR8H
B

necessary. This may be accomplished by adjusting Cu thickness, slotting,
and RERICRRGIpation thereof. Slotting is generally more preferred than metal
thickness control to reduce metal width and metal density. [0001061

[000BEBIAUS EC 44 NIRCGHBICSH SOV P [REEES FENLHABARFiAkIahARA Plocesses, there
processes, there is generally no stringent constraint on minimum metal

is gendelihyimdyirpigerssast-HoveMaini Seh mensadis iif ey assanyH Mayer,
also be satisfied using similar methods.

such constrains, if there are any, may also be satisfied using similar methods.

[000107] 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

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

requiring a change.

[000108] d) Minimum metal density and dumification

[000109] Some Cu processes have minimum metal pattern density rules to avoid poor

metal etching control and to afford CMP metal thickness control at all metal levels. With

such rules, the total metal coverage at each metal level on a chip needs to have at least the

minimum metal pattern density for Cu process. One way to increase metal density to

meet the minimum metal density requirement is using dumification in which the mask

operation fills an open space by inserting dummy metal patterns if necessary (e.g. 20% in

a 100 x 100 stepping window or 10% in a 300 x 300 stepping window).
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10001071 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 On interconnect 700. Topical slot sizes and exclusion
distances are defined for each circuit design generation. However, any
rule of slotting may be used if there is a special condition requiring a
change. 1000108] d) Minimum metal density and dumification [0001091

e psocesses have minimum. eat(al aFger density ryles to avoid.
00 R SR ] B s e o L P
wid gng}(ta‘t%l 'aec‘%%o‘%'ﬁhc%‘é%‘tﬂé'renseféi‘ﬁe%’tﬁ" melaloNsIedr ALS IR meta!

evel ona chip needs to have at least t & ‘mmimum metal patt%rn élnensny
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etal density requirement is usi on in which the mask

mayRERHRRIUP R LIRLH SHARG %ﬁ%%%gﬁ%ﬁ ARGy ﬁ%@h&fg&%’f?gaglg should

necessary (e.g. 20% in a 100 x tepping window or 10% 00 x

be cORPIBIRPRIAN MYEM Q7P B HORR 40 ElProtiRhRMEk RR0pXarBPIs fhiple,

durnification. Cu dummies 810 are inserted in wide empty space 800 to
somECIERRR QR I NEIR SRS thalH a1 BRSO P 8ridd AFE g 1oSIEER br that
automatic fill algorithm during layout design. In actual fabrication,
met4l WiRSsbheTANCEE imtredifredy ot fllalgonishm during mask making. The
. chip preferably should be compliant to all metal density rules before
[000deliyery. tOphiealrskiatiopChoeaaNIORC) ppoeedtitt processes may require
that metal dummy be floating and not grounded, or that metal dummy be
[000d/E2je dlirathiitidinec tibnabbee desetitbod/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.

[000113] OPC correction is atomically generated by model-based or rule-based
algorithms to produce appropriate correction shapes for layouts, which need to comply
with design rules. In accordance with the present invention, it is preferred that any non-
compliant layout to receive custom OPC. These OPC shapes may be applied in parallel
with dummy placement, and the resultant data files may be merged later. If there is in
any of the data types a NO OPC ZONE by customer requirement, special data treatment
may be required to prevent making shape corrections (such as creating an additional
cover layer) that may breach the requirement during mask OPC processing. Protected
layout may receive hand drawing or custom correction separately.

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

interaction with surrounding patterns. This may widen lithography process window. In
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[0001111 7. Optical Proximity Correction (OPC) procedure [0001121 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. [000113] OPC correction is atomically

ted b del-based le- it { .
o G USRS D R DR
A R SR L R B S S
A lied,i lle). with [ t,.and the resultant dat
L T i

wiadt ONFL O SSIAMEL B USILERL, SPSefaleta treatment may be required

to prevent making shape corrections (such as creating an additional

[00099%F" aysmdbatmeanareagch the requirement during mask OPC

processing. Protected Tayout may receive hand drawing or custom
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address complicated shapes arid interaction with surrounding patterns.
chip BRbrdiag \WidemliiheaaRb b o Hsass I WH) daBtoltndih OYehde RésAfileGalive
interconnect, such as Metal 1 (M I) and Metal 2 (M2), narrow lines next to
chipaneidetéiddaiessopaial sdaydeaddashecsimas b e gy eid RS gif-spakiRat
allows such upsizing. A slightly wider line and narrower space may
all binkemddeyyic|dsardigiveva Mydar dupriddesssesléddovorticbheties e piodcks
focus. [0001151 8. Other considerations
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
Connection (C4) bump assembly. The Cu guard ring preferably should have no vertices
except for the 90° angles which occur at corners.

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

fabrication process

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

generally uses damascene schemes which does not require etching of Cu layers.
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[0001161 In some applications, chip guard rings maybe 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 resealed according to the Cu process

requirement. Usually, via level guard ring should be free from OPC

p treifltment. h% cl%gr?ngeddistance ]g)f thF u%rgd rn a_ndlsgibe line fro

oS A ShVE i Hela 5 dep R AR Wird BEHE S Buinp aS8BRISRS scheme
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foihe, 9Q:. I%s(gg ' ccur at comers. [000117] 9. Fabricating the IC
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based end design using Cu BEOL fabrication process
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fabrication process to fabricate the IC. The method according to the
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process. Because presently there is no practical method for etching Cu,
creatih@ GRAMENHRRALMAGIVER PERSSEM AP CHHB BIIBvAGE ResisHln

cannot be used to form Cu interconnects. For this reason, Cu backend

applRRICASHRS N Ydea SaOMRARCENe SChEMRY VIRIED, HoeeNP! IRNpiitess
etching of Cu layers. 28 Presently, several schemes, including a number

is deséviesibbiclos’ af sinfglendavid@scene scheme and dual damascene scheme,
which are described below, may be used. [0001191 a) Single Damascene
[0001200 1 201skdGn MdFiGivS, aih stoge i i@t destopicge 0 pidsitisostepilesedilicon
create a single
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).
[000122] At step 2, via space 950 (or trench if the process is to form a metal
interconnect) is etched in the dielectrics. The etch-stop layer 910 is etched through in
order to make conductive connection between the via (to be formed in via space 950) and
the underlying layer 900, which may be a contact, a via or a metal interconnect
depending on the structure. At step 3, a multi-layer barrier/seed film 955 is deposited by
PVD into the via space 950 that has been etched out in dielectrics. The multi-layer
barrier/seed film 955 may be a TaN/Ta, TiN/Ti, WN and other binary and tertiary films
(amorphous film is preferred for better interface with the underlying FSG or oxide). The

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

and top Cu film of the block Cu 960 are removed by CMP from areas above the surface
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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. [0001211 As shown in FIG. 9, at step 1, the etch-stop
layer 910 (silicon nitride or silicon carbide for inorganic ILD), inter-layer

di ic | - (ILD) 920 ide, fluorjnated silj ide, or, low-k
or oS PSR 0 B e U S e,
d ited tially. Phot ist 940 | ited t t he vi
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in the dielectrics. The etch-stop layé S etc
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space 950) and the underlying layer 900, which may be a contact, a via

be aR bRINEIBNIE RIS GE-YERRPAIBIMBWAR Structure. At step 3, a

multi-layer barrier/seed film"955 is deposited by PVD into the via space

[000928) (B! 1B $HBSEbRIRIRTA Pri RIS aiTigs. 1TRESAHITY 18RI RATDF ]
film 955 may be a TaN/Ta, TiN/Ti, WN and other binary and tertiary films
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or oxide). The block Cu 960 is then deposited by electroplating (step 3).

globAltisteRshnikye laaeriemiaies 29alBndbigmEdUrdimiolife tlosk- M IoEhatats of
removed by CN4P from areas above the surface 29 of the ILD 920,

the deipvidpiiténeiodiningl hadriendayeviandiciuAdGarsaasgddva atialpeciofatio that
space 950. The entire wafer surface is then covered by deposited

is todiffighiGmgharide tdayeke 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.

[000124] b) Dual Damascene

[000125] Unlike single damascene, dual damascene scheme forms vias and trenches for

metal interconnect simultaneously. There are a number of different dual damascene

schemes known and used.

[000126] FIG. 10 shows an exemplary sequence of process steps used to create a dual

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

stop layer. As illustrated in FIG. 10, at step 1 of the via-first approach, dielectric cap

layer 1010 (silicon nitride), ILD 1020, trench etch-stop layer 1030 (silicon nitride or

silicon carbide for inorganic ILD, or oxide for organic ILDs), intra-metal dielectric

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

sequentially deposited on the polished metal 1000 of the previous level, followed by
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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). [0001231 In the most common Cu processes, Metal | is usually
generated by single damascene process. Single damascene process is
also utilized to fabricate very thick global interconnect layer which is

photg PRSI AU L SR AT P IATE L St A e

LD gcg%?lgh (e.g., > 5) to make void free gap-fill. As a result, two single
ascene processes are used to ran via layer and metal layer
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0 shows an exemplary sequence of process steps used to create a dual
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a trench etch-'stop layer. As illustrated in FIG. 10, at step 1 of the via-first

layePR¥O3ekicHISESHiss SRPtriarbbadA. (SiliGe B ddeds el iAR2ReE8NEY0 and

etch- stop layer 1030 (silicon nitride or silicon carbide for inorganic ILD, or

the vexigadoniganicttls) 1 090aoietal dickatriend MM LAABARK 0 ot shown).
fluorinated oxide, or inorganic/organic low k) and ARC 1050 are
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followed by 30
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 uﬁﬁlled 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
alignment tolerance is provided in the initial design. As a substitute, the trench-first
approach as illustrated below may be more appropriate.
[000129] FIG. 11 shows an exemplary sequence of process steps used to create a dual
damascene interconnect structure using the trench-first process scheme with a trench
etch-stop layer. FIG. 11 shows previous metal layer 1100, dielectric cap layer 1110 (e.g.,
silicon nitride), ILD 1120, metal etch stop layer 1130 (e.g., silicon nitride), IMD 1140,
ARC 1150, photoresist 1160, trench opening 1180, photoresist 1170, and via opening
1190. In the trench-first approach, trench opening 1180 is formed first and via opening

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

shown in FIG. 11. This may help reduce trench/via alignment problems as compared to
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photo patterning using photoresist 1060 and etching to form the via space
1070 into the ILD 1020. 10001271 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. | 1030, which the trench bottom. Cu i
e RS SReE BSREN o A S S el NP he PERER 60"
f ia and trench simult | t . | :
be ag%lgégb I%S?i{]é sdﬁﬁ(feﬂ%mgr-gt@ﬁﬁ%z% { nSOuI‘CS B?awwfoiﬁrﬁQ%#%ﬁ&[P{ﬂlaC&?ﬁses 1S

amascene 1S generally more efi ecause | s the vias an
clea}ganches simultaneously instead of separately as does a single
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appropriate. [0001291 FIG. | | shows an exemplary sequence of process

mayBeRSpRas I T@ith d it hasnAsREBL 1 N0 eaivaecihsl stk ensipesthe
trench-first process scheme with a trench etch-stop layer. FIG. 11 shows

trenglilestisonatdldaykadd Qhidisiecipsctanctaygict titufealy wibeichittste),

ILD 1120, metal etch stop layer 1130 (e.g., silicon nitride), IMD 1140,
matehialS (E1H051hbmt aiGsist ahi6hlidoancinbigeg riighllidghahibtdeesisicbistnahan

via opening 1190. In the trench-first approach, trench opening 1180 is
typidaloradefitst Grod loia-bpkelrogrids1 90 is patterned on the etched trench,

which may present significant topography as
[000131] 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 your 1200, dielectric cap layer 1210 (e.g., silicon
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 process flow
and the best cycle time, and thus a more desired approach in some applications. The dual
damascene scheme shown in FIG. 12 may be used in either the via-first or the trench-first
approach as illustrated in FIGS. 10-11.

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

11), two different dielectric layers may be used (not counting etch-stop layers) for ILD
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shown in FIG. 11. This may help reduce trench/via alignment problems as
compared to 31 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. [0001301 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.
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interconnect structure using the trench-first process scheme with no

[00033]-SOR dRMRYich! ga&& QUIRIRRF VBN GERLNQAHE 3200 Jialeltsicap
layer 12 10 (e.qg., silicon nitride), ILD 1220, ARC 1230, photoresist 1240

patttfia B 8P e SREAE) TRGh RRIO ER SRl krR Ut canaEcs Nthe 10BR Bp&logy

damascene scheme shown in FIG. 12, no intervening trench etch- stop

(e.g.|aV6th GUGhas e6BiPRdakEEalibSDribehlfe rdk)IisMSGthpRR drihfoldacanghs if

IMD are deposited simultaneously. In fact, the same dielectric 1220
the ss&yWeizhsdpetbdisexicdatit MEraddus-isdhefmesipisbefieckve aramaach

with the shortest process flow and the best cycle time, and thus a more
planaiésitea apAtcadblrictiseBE@ppiroatianSMP eadls! udahiascatietdghdine

shown in FIG. 12 may be used in either the via-first or the trench-first
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
global interconnect layers, where accumulative topography has been formed from
multiple stack layers.
[000134] Since Cu does not form a self-passivation oxide layer as does aluminum, Al
passivation bond pad structure is fabricated directly on planarized Cu wire, by depositing
and patterning a multi-film passivation layer, which can be silicon nitride, oxide or oxide
nitride. Subsequently, PVD depositing, patterning and etching alumina stud on the top of
the passivation layer are used to form bond pad terminal over the underlying Cu wiring.
A barrier layer (single or binary films such as TaN and Ta) is used to interface Cu wire
and Al pad. As an option of chip end conditions, an organic passivation layer (photo

sensitive polyimide or BCB) can be coated and patterned on the surface of the final stack

as a buffer layer between the chip and package.
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approach as illustrated in FIGS. 10- 11. [0001321 In cases where a trench
etch-stop layer is used (e.g., the scheme shown in FIG. 11), two different
dielectric layers may be used (not counting etch-stop layers) for ILD 32
and IN4D, 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
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subtractive BEOL process, CMP can be used imme

lead‘i%B’d%?ﬂ'Qf‘nt&’ B'@'E}]Slfae HIE)R6HG PHER AR AARAg BRSNS 4RE (KIS, etc.)

lying layers. Insertion of a CMP step, however, increases total cost
Wlthqﬁp(gfa%g§,1@@g efore should be selectively used, for example, to
facilitate lithography patterning on the upper global interconnect layers,

[000M8 e BRCpRNdIRtIMOSRRANFARINB ASRAR fe B R A fabm catdH RILagtRTK
layers. [0001341 Since Cu does not form a self-passivation oxide layer as

origial§ RduinguiMINadkeagivaiion feng Pad sicketd priséabricnad difaiilyzon
planarized Cu wire, by depositing and patterning a multi-film passivation

eithdayelesighinly danlOdsiidon Giiritekexideareaxidasing weAShdegeqdiently,
PVD depositing, patterning and etching alumina stud on the top of

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

originally having an Al backend design. For example, the process may include the

following steps:

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

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

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

design;

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

capacitances of the Cu design;

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

capacitances of the Cu design;

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

[000143] (g) fixing the violation identified if there is any;
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the passivation layer are used to form bond pad terminal over the
underlying Cu wiring. A barrier layer (single or binary films such as TaN
and Ta) is used to interface Cu wire and A] pad. As an option of chip end
conditions, an organic passivation layer (photo sensitive polyimide or
BCB) can be coated and patterned on the surface of the final stack as a
buffer layer between the chip and package. 33 [0001351 For the solder

plicati ede I|p ch cka e), the commonly used
[0008 (%5; El’rel?rr%ger\é urglegcﬂ&%r)hf'n%\ 1219) ) may not be compatible
tallizati w b rrier SlteS are ed for
[OOO\MQ] rt@i%ncm Uk Meb ?Sc%noheocl,n d[g(rs:%aaterl eﬁ 1(% g,

bump solder matena mle a|n|
procg;9638n37 high lead Pb95Sn5, ultra- Iow alpha, etc.) to lead free
materials (e.g., SnAg, SnCuAg, So, etc.) with the underlying copper.

[000%: 136 Do AiRSaRHRYSIHAN PLOYides M hateaahing fRiiaatn of

n IC originally having an Al backend design using a Cu backend process

desc%ﬁ&ﬂtth%%'é o&iﬁ‘%ﬁ?@&ﬁ%ﬂﬂ&ﬁ?dﬁ@%@eﬁﬁ&%ﬁ%’&? BiAEeSS

or using an Al ackend fabrication process. The method according to the

seve;yle&f,g,gﬁmg@qggﬁm@/ be incorporated by a semiconductor chipmaker in
a process for using Cu BEOL to fabricate an IC originally having an Al

[oo0lReTkend Ersigiedt hakaimplEcdhespReess may include the following
steps: 10001371 (a) receiving an Al design for the I1C; [0001381 (b)

[000048RiN{Bpflay®ilgnstpucdian aithg Al design; [0001391 (c) matching metal
resistances of the Al design with metal resistances of a Cu

[000149] (c) limited additional product design effort; and

[000150] (d) relatively fewer process steps than Al BEOL process and thus a more cost

effective production structure.

[000151] Furthermore, improved electromigration resistance of copper allows higher

current densities to be used in existing design, resulting in better reliability and

performance than Al metallization.

[000152] This invention is particularly suitable to enable Cu BEOL process to

manufacture IC devices previously designed for Al wire/W plug interconnect, such as

most of the existing IC designs for 0.25 pm, 0.18 pm and 0.15 um technologies.

[000153] This invention is applicable to a variety of Cu processes and integration

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

TABLE 1.
TABLE 1: Types of Copper Processes
Option A Option B
Process type Dual damascene Single damascene
2 Pattern sequence Via first Trench first
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design; 10001401 (d) matching intra-metal capacitances of the Al design
with intra-metal capacitances of the Cu design; [0001411 (e) matching
inter-metal capacitance of the A] design with inter-metal capacitances of
the Cu design; [0001421 (0 verifying the Cu design with a layout rule
check tool to identify a violation; [0001431 (g) fixing the violation identified
if there is any; 34 [000144] (h) generating final layout of the Cu design;

and INOO1AE1 (DN fahrieatina-tho 1C hacpodonthe CL-doecian-Hcing
1 A [0 T Oornn

ULAS N | L= L\ auprrealnTy  NUAOTU UTT I'TC OU ] U
EQL| (AR SIPRRSES (00D SR RYFIof the oIS gRLAK"
emicpHdd dtsnanigatieacturing inMig L& B cribed WithawHARGrdd,

some eIMbAdDeDisi @fitits presepdrniveatenlsnay brimifkesierflaterials

advantages inctuding: {00014 7 1 (a) equipment Sharing and cost Saving;
[0001481 (b) flexibility of product mixing; [0001491 (c) limited additional
[000‘1526‘1’U@Itlfiea‘ﬂg%Qifég’éﬁﬁi&ﬁ,]iﬁa%ﬁ%ﬂglﬁé‘éﬁ%ﬁé@ibﬂ%ﬂ@&ﬁ(@ﬁ%%siﬁﬁﬁ&rative

than A] BEOL process and thus a more cost effective production

and 8BUeIRR L+ ONRY L i HHORE BPIR: IMRIRGRIEEHIMOEBHRFERITRRE 8 Of

copper allows higher current densities to be used in existing design, -

skill'@sihking Wpdeteisel iy aatopesfovmanacréthaned hdeispieatisihe 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
“comprising,” “including,” and “having,” as used herein, are specifically intended to be
read as open-ended terms of art. The term “or” as used herein is not a logic operator in

an exclusive sense unless explicitly described as such.
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10001521 This invention is particularly suitable to enable Cu BEOL
process to manufacture IC devices previously designed for Al wire/W plug
interconnect, such as most of the existing 1C designs for 0.25 Am, 0. 18
(err)m and 0. 15 ~tm technologies. [0001531 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 Procg;%%ption A Option B | Process type
Dual damascene Single damas attern sequence Via first Trench

Whaf'rst ?5 3 Trench etch stopper With stop layer With no stop layer 4 ILD

ASI%%ECI)W% fak Qi@fﬁrﬁﬂHﬂ?%ﬁ i8R0 ty}?b%%gt‘éeag?&é%?&i%’&cimuit

AR&H7558% with ILD CMP With no ILD CMP 5 ILD/IMD Dielectrics
INC ng the s cification an rawings, Is | lustrative and noftrestrictive.
(IC)t YA 'ﬂ&kﬂﬂéeﬁ{ EU%@Y&Q?E@MBQ@%%&@H&?‘mm to those of skill in

e-art upon review of this disclosure. Various features and aspects of the

DRSS PR AAISEIPRM AN E YREEUDAYIRHAN OLIOE ' BEOL

the present disclosure can be utilized in any number of environments and

applicalionsusy pRIEEAOSERSETREShherRHR Withels depating from the

broader spirit and scope of the specification. The scope of the invention
should, thegfaiginke-geteuninactoat ovithe1sferanse to the above

description, but instead should be determined with reference to the
appended GlaiitlEing metal resistances of the Al design with metal resistances of a
Cu design;
matching intra-metal capacitances of the Al design with intra-metal
capacitances of the Cu design; and
matching inter-metal capacitance of the Al design with inter-metal

capacitances of the Cu design; and

fabricating the IC based on the Cu design using Cu BEOL fabrication process.

2. The method of claim 1, wherein the layer construction having parameters including
metal thicknesses, thicknesses of inter-layer dielectric layers (ILD), thicknesses of inter-
metal dielectric layers (IMD) and dielectric constant of each dielectric material (ILD or

IMD).

3. The method of claim 1, wherein matching metal resistances of the Al backend design

with metal resistances of the backend design comprises scaling Cu thicknesses.
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along with their full scope of equivalents. In addition, it will be recognized
that the terms "comprising," "including,” and "having," as used herein, are
specifically intended to be read as open-ended terms of art. The term "or"
as used herein is not a logic operator in an exclusive sense unless
explicitly described as such. 36 CLAIMS "at is claimed is: 1. A method for
using a Cu BEOL fabrication process to fabricate an integrated circuit (IC)

riginally_ having an A] design, the method comprising:. conyerting the A]
4. T B & T AR R T e e P B EG B rion

roeess, wherein the, converting includes steps of obtainin er. . .
conB LR SR HE I ARGy SR GO SR dER i

ith metal resistances of a Cu design; matching intra-metal capacitances

ith tIvIty.. e . .
ViR ﬁ%SI,&%‘fj‘e}élgn with intra-metal capacitances of the Cu design; and

matching inter-metal capacitance of the At design with inter-metal
capacitances of the Cu design; and fabricating the IC based on the Cu

5. Tﬂ@%&%&igﬁcﬁiﬁﬁf%&ﬁ{ '&%‘i‘l‘ﬁ% @Pﬁﬁ%&s&%%m%ddge%ﬁhé a Cu

wherein the layer construction having parameters including metal

thickREKBE eGSRk e 5399 Bl RS GleriIAYRIS o DGR 96:Sthe

of inter- metal dielectric layers (IMD) and dielectric constant of each
Cu ddigfgctric material (ILD or

6. The method of claim 5, wherein the simulation result is obtained from SPICE model

simulation.
7. The method of claim 1, wherein matching intra-metal capacitances of the Al backend
design with intra-metal capacitances of the Cu backend design comprises tuning an

effective dielectric constant of intra-metal dielectric layers.

8. The method of claim 7, wherein tuning an effective dielectric constant of intra-metal

dielectric layers comprises adjusting a thickness of a nitride layer.

9. The method of claim 7, wherein tuning the effective dielectric constant of intra-metal

dielectric layers comprises inserting a nitride layer having a calculated thickness.
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IMD). 3. The method of claim 1, wherein matching metal resistances of
the At backend design with metal resistances of the backend design
comprises scaling Cu thicknesses. 37 4. The method of claim 3, wherein
scaling Cu thicknesses comprises determining a copper thickness
corresponding to an Al thickness based on comparing Cu resistivity with
Al resistivity. 5. The method of claim 3, wherein scaling Cu thicknesses

mprises, determining.a Cu thickness corresponding to an Al thickness

10. e eim b Asceh SRR Pyt caraimenss of i dsdy
of claim 5, wherein theo?g}gfﬁti%gsgesult is obtali
0

with intérmetal cgpacitance CQMpPrIsSes 1[111%9 frgrrlne ecltlcv% Erirl] qggtlrlc
S|mulghon.c‘?. ﬁ%e mestho claim 1, %e‘?eln ma cr}%ng Intra-me af’

c OnSfﬁ?ﬁ%%@g%%fﬂ‘%@M@? psq design with intra-metal capacitances of

esign comprises tuning an effective dielectric constant
of intra-metal dielectric layers. 8. The method of claim 7, wherein tuning
an effective dielectric constant of intra-metal dielectric layers comprises

11. PHHAMARAIPIGKRR 99 QL AU A RY Bhe REDS GRS Gl IR SRIE-

tuning the effective dielectric constant of intra-metal dielectric layers

met A ABRUARS LB UBMARESIEG SRS harbla&catclimirdiuqkpgss. 38 10.

The method of claim 1, wherein matching inter-metal capacitance of the Al
design with inter-metal capacitances of the Cu design comprises tuning
an effective dielectric
12. The method of claim 1, wherein converting the Al design to the Cu design further
includes steps of:

verifying the Cu design with a layout rule check tool to identify a violation; and

fixing the violation identified if there is any.

13. The method of claim 12, wherein verifying the Cu design comprises identifying any

violations of a maximum metal width rule or a maximum metal density rule.

14. The method of claim 13, wherein fixing the violation identified comprises slotting a

portion of Cu metallization involved in the violation.
15. The method of claim 13, wherein fixing the violation identified comprises adjusting a

Cu thickness determined in matching metal resistances of the Al design with metal

resistances of the Cu design.
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constant of inter-metal dielectric layers. 11. The method of claim 10,
wherein tuning the effective dielectric constant of an inter- metal dielectric
layers comprises adjusting a thickness of a dielectric layer. 12. The
method of claim 1, wherein converting the Al design to the Cu design
further includes steps of: verifying the Cu design with a layout rule check
tool to identify a violation; and fixing the violation identified if there is any.
. The method .of claim 12, whergin verifying,the Cu design comprises
16. R RNG 2y ISORLCET A R RA e SRR TE P AR ey
viotaLdensib e A4 The meliod. of clali, A3 horein fiing dne violation
identined comprises sﬂl)t\ﬁ'ng a porﬁon orCu mgfa fizZafon nvorved in the
violation. 15. The method of claim 13, wherein fixing the violation identified
comprises adjusting a Cu thickness determined in matching metal

17. SR HRACRSPLING AR RGRNHRiMSRA GRIRANGRRH RS b IS Hkerifhe

16. The method of claim 12, wherein verifying the Cu design comprises

dumid§ iR ARU¥plations of a minimum metal width rule or a minimum
metal density rule. 17. The method of claim 16, wherein fixing the violation
identified comprises inserting dummy Cu. metallization. 18. The method
of claim 12, wherein verifying the Cu design comprises identifying any

18. ViRlatiansdbecrmahal Bt s, ReNiis theuts: dMeiabmaiatsRrRatEHdend
metal-via spacing rale, a minimum via/metal enclosure rule, or a minimum
violdtietialifia avetlsid e, a via size rule, a metal-metal spacing rule, a metal-via

spacing rule, a minimum via/metal enclosure rule, or a minimum metal/via overlay rule.

19. The method of claim 1, wherein converting the Al design to the Cu design further

includes steps of:
generating layout of the Cu design;
checking the layout with a Design-Rule Checking (DRC) tool;
placing model/rule-based Optical Proximity Correction (OPC); and

verifying mask layer generation.

40




19. The method of claim 1, wherein converting the Al design to the Cu
design further includes steps of: generating layout of the Cu design;
checking the layout with a Design-Rule Checking (DRC) tool; placing
model/rule-based Optical Proximity Correction (OPC); and verifying mask
layer generation. 40 20. A process for using Cu BEOL to fabricate an
integrated circuit (IC) originally having an Al backend design, the process

omprising: receivj n Al desjgn for the IC; obtaining layer construction
20. §HRRRY MG g R B OB R el A R v ine

sisl'gan %3 of acu desi%n; matching intra-metal capacitances of the Al
an %?g R ER T NG Sp%%ﬁ%%@%‘of the Cu design; matching
inggr-{lqgtaa{ncg%%tlag%gr%glg Al design with inter-metal capacitances of
the tu sign; verifying the Cu design with a layout rule check tool to
[ i [olatian;. fixing t jojati Q-'qlentified if there is any; generating
f?ﬁ%%’%%u%%ﬁ%%ﬂ t%@%g%&%ﬁé%r%aﬁng the IC based on the Cu

desionsing PRBEALLabrsRtoNRIAs eSS AeANR REHhe 96&@;&*&&9@;

whereinthe layer construction having parameters including meta

UHGKIESS GRrA MR ACSTRR RIS LIRS MRIGEH G 1AVt (thbtdl BIEIRGREESor

of inter-
the Cu design;

matching inter-metal capacitance of the Al design with inter-metal capacitances of
the Cu design;

verifying the Cu 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 design; and

fabricating the IC based on the Cu design using Cu BEOL fabrication process.

21. The method of claim 20, wherein the layer construction having parameters including
metal thicknesses, thicknesses of inter-layer dielectric layers (ILD), thicknesses of inter-
metal dielectrics layers (IMD) and dielectric constant of each dielectric material (ILD or

IMD).

22. The process of claim 20, wherein matching metal resistances of the Al backend

design with metal resistances of the backend design comprises scaling Cu thicknesses.
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metal dielectrics layers (IMD) and dielectric constant of each dielectric
material (ILD or IMD). 22. The process of claim 20, wherein matching
metal resistances of the Al backend design with metal resistances of the
backend design comprises scaling Cu thicknesses. 41 23. The process of
claim 22, wherein scaling Cu thicknesses comprises determining a Cu
thickness corresponding to an Al thickness based on a simulation result of

a model for the Cu design. 24. The process of claim 20, wheyein .
23. R RGO HE A e APAERATERN S (v %&?@ﬁ%ﬂr}mﬁéfﬁmnmg aCu

. capacitances qf the Cu ign comprises tuning an. effectiye dielectri
thic R TSP LR [0 AT RS 38 P e AR TSRS for the
herein tuning the effective dielectric constant of intra- metal dielectric

Cu g?@‘r‘é comprises adjusting a thickness of a nitride layer. 26. The process

of claim 24, wherein tuning the effective dielectric constant of intra- metal
dielectric layers comprises inserting a nitride layer having a calculated

24. ‘IEKIEESss 6f c1hif RIORER A HAM A mNSHSin AR LG R design

capacitance of the Al design with inter-metal capacitances of the Cu

with AR ERMPHSSEHIUNG Bk %fﬁed%LYlgn(@&k‘?ﬁiQé‘s GRS GhiblRs e ric

dielectric layers. 28. The process of claim 27, wherein tuning the effective

Con%{qgﬂg&qgg@@%%rrag@gal dielectric layers comprises adjusting a
thickness of a dielectric layer. 29. The process of claim 20, wherein

verifying the Cu design comprises identifying any violations of a
maximum metal width rule, a maximum metal density rule, a minimum
25. The process of claim 24, wherein tuning the effective dielectric constant of intra-

metal dielectric layers comprises adjusting a thickness of a nitride layer.

26. The process of claim 24, wherein tuning the effective dielectric constant of intra-

metal dielectric layers comprises inserting a nitride layer having a calculated thickness.

27. The process of claim 20, wherein matching inter-metal capacitance of the Al design
with inter-metal capacitances of the Cu design comprises tuning an effective dielectric

constant of inter-metal dielectric layers.

28. The process of claim 27, wherein tuning the effective dielectric constant of inter-

metal dielectric layers comprises adjusting a thickness of a dielectric layer.

29. The process of claim 20, wherein verifying the Cu design comprises identifying any

violations of a maximum metal width rule, a maximum metal density rule, a minimum
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42 metal width rule, a minimum metal density rule a metal size rule, a via
size rule, a metal- metal spacing rule, a metal-via spacing rule, a minimum
via/metal enclosure rule, or a minimum metal/via overlay rule. 30. The
process of claim 20, wherein converting the Al design to the Cu design
further includes steps of: placing model/rule-based Optical Proximity
Correction (OPC); and verifying mask layer generation. 31. A method for
onverting an Al backend design of an integrated circuit (]C).to a Cu
metai&e&%al’%egi@m%me@ Qf‘&%}ﬂﬁ@% iR Gy B Eorl&h T fiohBftal-
e Al design, the layer construction having parameters including metal
metaf Spycing T, Pl D SRAE RIS BY M YU B SREhRE B PR
mimgﬁelect@gaﬁo&s(t)ggﬁgf efilgh dielectric material (ILD or IMD); matching
Metal Tedistances of the At design with metal resistances of a Cu design;
matching intra-metal capacitances of the Al design with intra-metal
capacitances of the Cu design; matching inter-metal capacitance of the Al

30. gﬁ@%%@&f‘&%ﬁ‘?&?kﬁ%&ﬁi%%ﬁi% Eﬁeegfgldéi?%?l% ey ﬁ&i%?é er

esign with a layout rule check tool to identify a violation; fixing t
incldﬂ@i%‘t@} igentified if there is any, and generating final layout of the Cu
design.

placing model/rule-based Optical Proximity Correction (OPC); and

verifying mask layer generation.

31. A method for converting an Al backend design of an integrated circuit (IC) to a Cu
backend design, the process comprising:
obtaining layer construction of the Al design, the layer construction having
parameters including metal thicknesses, inter-layer dielectrics (ILD), inter-
metal dielectrics (IMD) and dielectric constant of each dielectric material
(ILD or IMD);
matching metal resistances of the Al design with metal resistances of a Cu design;
matching intra-metal capacitances of the Al design with intra-metal capacitances of
the Cu design;
matching inter-metal capacitance of the Al design with inter-metal capacitances of
the Cu design;
verifying the Cu design with a layout rule check tool to identify a violation;
fixing the violation identified if there is any; and

generating final layout of the Cu design.
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43 32. The method of claim 3 1, wherein the layer construction having
parameters including metal thicknesses, thicknesses of inter-layer
dielectric layers (ILD), thicknesses of inter- metal dielectrics layers (IMD)
and dielectric constant of each dielectric material (ILD or IMD). 33. The
method of claim 3 1, wherein matching metal resistances of the Al

- backend design with metal resistances of the backend design comprises

alin 34. The method of cl 1, wh tching,.
2. TR SR LR .migeﬁga%rﬁé’%%” AN e ding
Cu bac ffecti
et oA S L MEHArhorae r.i%?ya{'%?%@ﬂiﬂqh TKpEF o LA
t ff ielectric constant of int | die
metal i REHEI ””'”%’B@e %C&“?’E fC0 ” a”fl% ofecfich il (g;i

ayers comprises ting a thic Ness o ge Iayer & e
f claim 34, wherein tuning the effective dlelectrlc constant of intra- metal
MDgielectric layers comprises inserting a nitride layer of a calculated
thickness. 37. The method of claim 3 1, wherein matching inter-metal
capacitance of the Al design with inter-metal capacitances of the Cu
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dielectric layers. 44 38. The method of claim 37, wherein tuning the

desiSifQetVa i REINEFQRI PN VLN MR1ah RIS RYaHS CAMBIIRGSsses.
adjusting a thickness of a dielectric layer. 39. The method of claim 3 1,

wherein verifying the Cu design comprises identifying any violations of a
maximum metal width rule, a maximum metal density rule, a minimum
34. The method of claim 31, wherein matching intra-metal capacitances of the Al
backend design with intra-metal capacitances of the Cu backend design comprises tuning

an effective dielectric constant of intra-metal dielectric layers.

35. The method of claim 34, wherein tuning the effective dielectric constant of intra-

metal dielectric layers comprises adjusting a thickness of a nitride layer.

36. The method of claim 34, wherein tuning the effective dielectric constant of intra-

metal dielectric layers comprises inserting a nitride layer of a calculated thickness.
37. The method of claim 31, wherein matching inter-metal capacitance of the Al design

with inter-metal capacitances of the Cu design comprises tuning an effective dielectric

constant of inter-metal dielectric layers.
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metal width rule, a minimum metal density rule a metal size rule, a via size
rule, a metal- metal spacing rule, a metal-via spacing rule, a minimum
via/metal enclosure rule, or a minimum metal/via overlay rule. 40. The
method of claim 3 1, further comprising: placing model/rule-based Optical
Proximity Correction (OPC); and verifying mask layer generation. 45

38. The method of claim 37, wherein tuning the effective dielectric constant of inter-

metal dielectric layers comprises adjusting a thickness of a dielectric layer.

39. The method of claim 31, wherein verifying the Cu design comprises identifying any
violations of a maximum metal width rule, a maximum metal density rule, a minimum
metal width rule, a minimum metal density rule a metal size rule, a via size rule, a metal-
metal spacing rule, a metal-via spacing rule, a minimum via/metal enclosure rule, or a

minimum metal/via overlay rule.

40. The method of claim 31, further comprising:

placing model/rule-based Optical Proximity Correction (OPC); and

verifying mask layer generation.
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