METHOD AND APPARATUS FOR. PROVIDING VOID STRUCTURES
FIELD OF THE INVENTION [0001] The present invention relates to
integrated circuits. In particular, but not exclusively, the invention relates
to a method and apparatus for connecting elements of integrated circuits
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circuits (:Cs) comprising many tens of thousands of devices including

field effect transistors (Pﬁgﬁbqﬂg?ﬁﬁ 9\{.‘; (? acornerstone of
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modern microelectronic” systems d circuits have
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devices increases, the number and complexity of wiring structures
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Connections between the elements of the IC are known as interconnects

integratd afeijtpicallyinierogeeis hateralyredensivevsiae atsmeday@issddiitent
as traces. Interconnects within a given trace are separated by an

interctitr@t@vel dielectric, whilst individual traces are separated by layers of an
interlevel dielectric. Connections between traces may be made by

forming transverse)RRTROPNRSS WhithaRoftenerefeled to as vas'.
100031 As the proximity of a given interconnect to other interconnects
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that interconnect increases for a given interconnect material.. The RC

field difee: sRMSIABIAY RS LedYacd hyiedusing the.glesikicah mgﬁﬁ%%r%f&%mc

interconnect and/or reducing the dielectric. constant Ic associated with
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circuits typically employ copper as the materi ormlng
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forming interconnections between the various elements increases. Connections between the
elements of the IC are known as interconnects and are typically arranged in laterally extensive
sheets or layers, known as traces. Interconnects within a given trace are separated by an
intralevel dielectric, whilst individual traces are separated by layers of an interlevel dielectric.
Connections between traces may be made by forming transverse interconnects Wh@ch are often
referred to as ‘vias’.

[0003] As the proximity of a given interconnect to other interconnects decreases, an RC
time constant associated with signal propagation along that interconnect increases for a given
interconnect material. The RC time constant may be reduced by reducing the electrical
resistance of the interconnect and/or reducing the dielectric constant k associated with
interlevel and/or intralevel dielectric materials.

[0004] Modern integrated circuits typically employ copper as the material of choice for

forming interconnects in preference to aluminium since copper has a lower electrical



resistance than aluminium. The lowest values of dielectric constant k are
achieved by forming voids between interconnects. A void may comprise a
region of vacuum, or a region containing gas such as air. 100051 Voids
maybe formed by removal of a sacrificial material deposited during the
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y thermal decomposition. In this case, the sacrificial material may be
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fiscioses removal of a sacrificial layer by forming an aperture in a
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INVENTION [0008] It is an aim of the present invention to at least partly
throughiigatenaiREsOoRY SHIHEOAIBIRLEHRRIAES jBY8blems. [00091 Itis a

further aim of embodiments of the invention to provide an improved '
[0006)iercOHFEc KRy cfarE kO thateairh BRERTSHRIEHS 0 FigiEngsdep prample using a

invention is to provide a fabrication method for an improved interconnect
gaseoygrgedifaidotrhent it IS AR G fissiptdirsentebefilesprasein laventivfrating an

provide voids proximate to intel'con netts so as to control an RC time
apertusgABtatYS5 sueikted Wiersarafistalédithects. Preferably structural support

should be provided to ensure stnactural integrity of the overall
[0007] In structures having voids formed between interconnects, it is found that the

structural integrity of the interconnect is compromised by the presence of the void.
Furthermore, during the course of removal of the sacrificial layer to form the void, sidewalls
of the interconnect exposed to etchant may suffer corrosion, delamination or other
degradation.

SUMMARY OF THE INVENTION
[0008] It is an aim of the present invention to at least partly mitigate at least one of the
above-mentioned problems.
[0009] It is a further aim of embodiments of the invention to provide an improved
interconnect structure. Another aim of embodiments of the present invention is to provide a
fabrication method for an improved interconnect structure.
[0010] It is an aim of embodiments of the present invention to provide voids proximate to

interconnects so as to control an RC time constant associated with the interconnects.
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strictures. [00111 According to a first aspect of the present nvenlion there
is provided a method for forming a void ina structure comprising providing
a structure on a slubstxate, wherein the structure includes an
intermediate layer between upper and lower layers, ;'Ixei'enx the
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forming first an ond trenches in the structure; forming a first
structegformal layer lining the trenches; forming a second conformal layer
lining the trenches over the first conformal layer, the first and second
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least portions of the first and second c; nformal layer lining a bottom o
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material, and removing ayer and intermediafe layer to
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e second conformal layer and upper and lower’layers.
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from a respective sidewall spacer element; and for each interconnect,

first anetranng Sticrmal SShURIEePREER o vBesitiehaf ssraedenshrere removed;

. wherein the step of forming the sidewall spacer element further comprises
fillingthedfepchesraithiadithmaiealaandgsasraneihs b ronionasd imcands

. resistant. to etching by a sacrificial spacer etchant. 3 .
intermediate layer to form a void in the structure between trenches with the fill material, the

void defined by the second conformal layer and upper and lower layers.

[0012] According to a second aspect of the invention there is provided a method for
connecting elements in an integrated circuit device comprising the steps of: forming at least
one interconnect sidewall spacer element at locations where at least one interconnect is to be
formed; forming at least one interconnect comprising one or more sidewalls, each
interconnect having an interconnect sidewall spacer element on at least one sidewall; each
spacer element providing structural support for the interconnect; forming at least one void
adjacent each interconnect, each void extending from a respective sidewall spacer element;
and for each interconnect, providing structural support via a respective sidewall spacer
element, wherein the step of forming the sidewall spacer element further comprises the step of
forming the sidewall spacer element from a material that is resistant to etching by a sacrificial

spacer etchant.



100 931 According to a third aspect of the present invention there is
provided an interconnection comprising a substrate having an upper
surface; a conductive interconnect disposed on the substrate surface, the
interconnect having a top surface and first and second sidewalls; an air
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herein a top-of the air gap Is below the top surface of the interconnect,
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COmprises an‘opening in communication with the air gap; and a sidewa
. spacer.disppsed on the first sidewall of the condyctive interconnect,
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acid or a combination thereof, The invention also forms at least one . .
formegd Dot aePitPiE BSET Tl (PR IRBRS ST ORSRIRG R fiTBHRmIcation with the
~embaodiment, is in juxtaposition with sides of the second conformal layer
air gapning e drarderanse HpRersreoR s st siderat Sitly rodvstive ibspgnect,
layer lining the sidewalls of the trenches. An aperture can also be f_ rmed
separgHEdheiREerRyBecashd e Ab&iment, forming the aperture in the lower
layer precedes forming a via hole through one or more layers below the
[0014bwerltayesio o BSPeaty &Y dos inEpeiies. dpTHENA e trsend e ma dayshisrther
the intermediate layer between upper and lower -layer serves as a
compgaetiflsiatenatdriatmin s sgqodiernsinthel lnterfediaewsgeditpémowsgant to
In some embodiments, the intermediate layer is partially removed to form
etchingtippentastiictiatepdvetvetdnhe speetant lowee fayerdifoat.compyissoysuffered
aspects of the invention, the lower layer serves as a bottom of the
hydrofilenckesifbranibhia indrsthoki The diostacamibrmatblatterdoin g Hea sidetvallgso
of the trenches
forms at least one aperture in the upper layer in the structure. The aperture, in one

embodiment, is in juxtaposition with sides of the second conformal layer lining the trench.
The aperture is formed by removing the first conformal layer lining the sidewalls of the
trenches. An aperture can also be formed in the lower layer. In one embodiment, forming the
aperture in the lower layer precedes forming a via hole through one or more layers below the
lower layer.

[0015] In various aspects of the invention, at least a portion of the intermediate layer
between upper and lower layer serves as a.sacrificial material. At least a portion of the
intermediate layer is removed. In some embodiments, the intermediate layer is partially
removed to form support structures between the upper and lower layers.

[0016] In various aspects of the invention, the lower layer serves as a bottom of the

trenches formed in the stack. The first conformal layer lining the sidewalls of the trenches



a serves as disposable sidewall spacer elements. The second con'f'ormai
layer lining sidewalls ofthe trenches fbrm sidewall spacer elements for
interconnects. (0017] Embodiments of the invention have a reduced RC
time constant associated with i itercoinnects of an integrated circuit. The

served @6 UEIRIN G HMel cpastABleis iQVitad alclaastoirpath b be iRWetidewalls
dielectric constant of a void compared with the dielectric constants of

of theQPFNERIIH dieteriliGraieRlacAQA3d kidphadiments of the invention

provide apparatus for connecting elements in an integrated circuit device

[0017pavingieieaas SructurakatrRiivdncraased RieugHEalHabilitsiSciated with

provided at least in. part by the provision of sidewall spacer elements on

intercOldRMRIGT A IEACANNGAT oMY IS Hig aPRAT S JOR Mt is provided at least

Embodiments of the invention provide apparatus for connecting elements
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to exposure of the apparatus to. an etchant or other reactive agent.

conve%ﬁ%?ﬂe?&?ﬁgﬂﬁis{ié@éﬁ? deterioration is provided at least in part by
S e

ewall spacer elements on sidewalls of interconnects comprising the
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SNOW Sstructures torm uring a process
.fabricating.an inter&oimect structure. [0022] FIG. O shows a structyre
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intercgégesc'tslgo}r?p%%irslg%vx\é %gga(l:rtalljurless formed during a process of fabricating an
[0019] Embodiments of the invention provide apparatus for connecting elements in an
integrated circuit having reduced susceptibility to deterioration due to exposure of the
apparatus to an etchant or other reactive agent. Reduced susceptibility to deterioration is
provided at least in part by sidewall spacer elements on sidewalls of interconnects comprising
the apparatus.
BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Embodiments of the present invention will now be described hereinafter, by way
of example only, with reference to the accompanying drawings, in which:
[0021] FIGS. 1 to 8 show structures formed during a process of fabricating an
interconnect structure.
[0022] FIG. 9 shows a structure formed during a process of fabricating an interconnect
structure.

[0023] FIGS. 10 to 14 show structures formed during a process of fabricating an

interconnect structure.



interconnect structure. (0024] FIG. 15 shows a structure formed during a
process of fabricating an interconnect structure. (00251 FIGS. 16 and 17
show structures formed during a process of fabricating an interconnect
structure. DETAILED DESCRIPTION OF THE INVENTION (0026] The

[0024following embedimenta.argdnisndaditeiistaledie iMBREAL A Wnect

iiout limiting their scope, since numerous modifications and variations will
struct?@ apparent to those skilled in the art. j0027] Hereinafter reference will he
made to the tern. “interconnect’, It will he understood that the term should
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of an IC arranged in the T_onn, of one or more fraces, but also any

. itable structure in which one or more conductive lines between

mtercgﬁiehr%%r%s%é#b%éystem on a substrate are provided. 0024] FIGS. Ito 8

illustrate strucﬁﬁﬁ%wgggﬁ]ﬂgﬂ?%ﬁgnrgfﬁlw%ﬁ?mct structure

200 (FIG. 8) in‘accordance with an emh(Ai anent e present invention.
0029] FIG, | shows a stack structure 201 formed over a semiconductor.
100265 o PRt SRS B R ASTHRHIS S0 L SBLa S AONE, b TgBr 503 Ty
rificial layer 203 above the lower la eé]gl layer 202, and an upper
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example can be an interconnect layer or metal layer of an IC. Typically;
those ﬁ@ﬁffé’?c [Ect layer is formed on a substrate comprising circuit

components (e.g., transistors and capacitors). Forming the structure over
10027 hiheHgpsaRades finfstraess iél lsdnrsertn. thodaon iteiserermbodineHtbthe

lower lateral layer 202 is formed from silicon carbide. Other materials

undergippdihias thsd e sbandeh e arensisecdderincinfsrapapnly segections between

dielectric,
elements of an IC arranged in the form of one or more traces, but also any suitable structure in

which one or more conductive lines between elements of a system on a substrate are
provided.

[0028] FIGS. 1 to 8 illustrate structures formed during fabrication of an interconnect
structure 200 (FIG. 8) in accordance with an embodiment of the present invention.

[0029] FIG. 1 shows a stack structure 201 formed over a semiconductor substrate. The
stack structure 201 comprises a lower lateral layer 202, a sacrificial layer 203 above the lower
lateral layer 202, and an upper lateral layer 204 above the sacrificial layer 203. The structure,
for example can be an interconnect layer or metal layer of an IC. Typically, the interconnect
layer is formed on a substrate comprising circuit components (e.g., transistors and capacitors).
Forming the structure over other types of substrates is also useful.

[0030] In one embodiment, the lower lateral layer 202 is formed from silicon carbide.
Other materials which can serve as an etch stop are also useful. Preferably, other dielectric

materials which can serve as an etch stop are also useful. It will be appreciated that in
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materials which can serve as an etch stop are also useful. It will he
appreciated that in =;t accordance with other embodiments of the present
invention the lower lateral layer 202 may alternatively be formed from
silicon nitride, silicon carbon nitride or any other fanctionaily equivalent

accor&Qﬁ‘E%réﬁh%ﬁl%?‘é?ﬂb%%%ﬂ%@%&{?x%%&'t TRensacHic Rl AYRLaY Qt%t%‘éimay

from a doped silicon oxide materlals such as pl: osphosmcate glas
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and fluorlnate S|I|cate g ass FSG,. e apprec ate ‘that m

equlva%ﬁPf%%?ﬁgl‘é’}tQ mﬁﬁn gteml‘gnlents of the present invention the

sacrifi ayer 2 may a atively be formed from undoped silicon

[0031?'0)('1%[ 1@5@('%09&?%&1 (;I{;?I% Iong-n?lMg trannetgé/ I aterials such as

yclote rasiioxane o any ot Iy e(fuwaien material or
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la 02.or the later er 204. 100321 Upper lateral Iayer 204 is
<FSG}3¥§£%‘9W SRR afios ot BB GRS HRES ettt
er embodlm nts of the present invention the upper lateral layer 204
other GEOARH e 10 TR B RN SRR AR A A& dPang  imatively be
functionally e uwalent material or combination thereof, 100331 FIG. 2
formed iR HHEF R BANEI FONGRFHY RO iR HeMEdS n the
stack 201, followed by formation of a first confhrnal layer 206 over the
tetranjellyg dicrtilpsaneon Y THherfERElo Do RaY Fwutepy] or combination
conventional patterning followed by an etching process. The etching
thereqfyobbesaridisiahlavtradi? stermedorose ssmtienahshatrearthreiohedterirgan
process. Following etching of the trench, a lower boundary of the trench

etcharg dbaisvillfims @il thaview ratistarablayend® Q0UBSPRsOAt @ BrdiANnt,

interconnects are formed in the trends. Contacts can be
[0032] Upper lateral layer 204 is formed from silicon carbide. It will be appreciated that

in accordance with other embodiments of the present invention the upper lateral layer 204
may alternatively be formed from silicon carbon nitride or any other functionally equivalent
material or combination thereof.

[0033] FIG. 2 shows the structure of FIG. 1 following formation of a trench 205 in the
stack 201, followed by formation of a first conformal layer 206 over the resulting structure.
[0034] The trench 205 may be formed by conventional patterning followed by an etching
process. The etching process is an anisotropic etching process such as a reactive ion etching
process. Following etching of the trench, a lower boundary of the trench 205 is defined by
lower lateral layer 202.

[0035] In one embodiment, interconnects are formed in the trench. Contacts can be
provided below the stru-cture to couple the interconnect with devices on the substrate. The

contacts and interconnects can be formed by damascene or dual damascene techniques.



provided below the structure to couple the interconnect with devices on

the substrate. The contacts and interconnects can be formed by

damascene or dual damascene techniques. [0036] FIG. 3 shows the

structure of FIG. 2 following the steps of reactive ion etching of the
[0036?”“‘3%. ® W\fﬁepsqm&ﬂ%%}cffﬂﬁt}. '?cf)?lro%llllat)ﬁ%rs ep EsS I)?rrrga% 1V%nl(|)%tg{&{ing of

surfaces of the structure. Following the reactive ion etching process,

| | cerelements 207 are ed on sidewalls of.the
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mation of a second.coil fOY aé layer 208 over, the.structure of FIG. 3,
s e 300 B Al TS s 207

It wi{hg%g&%rs ted that in. accordance with other

silic&)n car(Pide
ention the second conformal layer 208

are formed on sidewall
emnpo |men¥§ o1st?1e present in

ay ormed from silicon nitride, sili carbon nitride, or any other
0055 :anc?géaﬁ%(ﬁw\}géﬁﬁﬁ%rﬁf = WIBS AOLERATIA8 WHiRCAAE paformal
formal layer can be etched selectively thereto are also useful. [0038]
toyer g L R Lk e of RIS SAHORAH TR ToR ahi smbdiment,
second conformal layer 208 to remove portions of second conformal layer

is forge g sl Rerarisio Touihbe crmsirtin balia monelaineg redeatkeron

etching: of second conformal layer 208, portions of second confonnal
emboflinen 5y thFrREIE & eRheR s serdeen&enmile 2 3PS enssibe fimarehirom
... forming interconnect sidewall spacer elements 209. [0039] FIG. O shows
silicogrptridrysilirerbsarhon sitsiiewin g AitwidhnstiansdbrietubyéeantterisbeHor
layer, and subsequent filling of trench 205 with interconnect material. In
examplgematppedindesk trelirerenfmeel el s opsbed talilitbelaphratiatetalso
that in accordance with other embodiments of the present invention other
usefulinterconnect materials may be used, for example aluminium or any other
functionally equivalent material. [0040] The barrier layer is forEned from
[0038fantaliifn Aistidesitheilithetappeddilied folbining reactive ion etching of the second
conformal layer 208 to remove portions of second conformal layer 208 formed over lateral
surfaces of the structure. Following reactive ion etching of second conformal layer 208,
portions of second conformal layer 208 formed over disposable sidewall elements 207 remain,
thereby forming interconnect sidewall spacer elements 209.
[0039] FIG. 6 shows the structure of FIG. 5 following formation of a barrier layer and a
seed layer, and subsequent filling of trench 205 with interconnect material. In one
embodiment, the interconnect material is copper. It will be appreciated that in accordance
with other embodiments of the present invention other interconnect materials may be used,
for example aluminium or any other functionally equivalent material.
[0040] The barrier layer is formed from tantalum nitride. It will be appreciated that in

accordance with other embodiments of the present invention a Ta layer may be used instead

of or in combination with TaN. The seed layer is formed from copper.



accordance with other embodiments of the present invention a Ta layer
may be used instead ref or in combination with TaN. The seed laver is
formed from copper. [0041] The interconnect material is deposited by

electrochemical plating (ECP), it will be appreciated that in accordance

[0041yVith ather embadiments of the ]Réﬁlésgéd’E‘&%ﬂé@%%@ﬁﬁe&'ﬁé&%@%@@%ﬂ It will

process: s may be used. [0042 shows the structur

be apﬁ%léfw'@ﬂtﬁmﬁ‘é%%m%&%lﬁ?Bﬂ{%ﬂ.sé}{'{%%dﬂﬁ%%@ dY %%‘?g%&%ﬁﬁ%%ﬁt“ﬁ%er

surface of the structure to remove interconnect mater overlying

i e upper lateral layer 204. Interconnect 210 remains following
depos@%g%%gesggi%ﬁ%ﬁﬁ%}h one embodiment, after CN'IP of the structure, a

If ali | he f d r the interconnect. The ¢ er
100420 R R o e P o i s e
t etching. E le, th layer protects the interconnect from.
(P S o SRR B 6 o S e i e e
ddi ble | 203. 1 e embodiment, the cap layer comprises a .
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surface of the copper interconnect. Formation of self aligned CoWP cap
CMP proses&i&scribed in, for example, lee, "Electroless COWP Boosts Copper
Reliability, Device: Performance, Semiconductor International, July 1,

[0043pgoalnsHigridakreintindisidoratealisyerefardice FoplaR e se, liyer can be

alternative embodiments, a. tungsten layer or copier silicon nitride layer
formeghayepdhfpiniaaamatehd BrLadw e REjEes fooua|eciNmepToReessifigralghemical
results in exposure of end portions 207A, 209A of the disposable sidewall
attackgBiieg wibpaewBt 20T alsbiite ool dheatpapaxasmanseaisrits 209rconnect
respectively. 100451 FIG. 8 shows the structure of FIG. 7 following
from wtetrnucst diepdshibie «idesdiipspdie sidrmbnprog elantnedainimg disposable
portions of disposable layer 203 to firm voids 211, From
layer 203. In one embodiment, the cap layer comprises a self aligned cobalt tungsten

phosphide (CoWP) layer is formed on the surface of the copper interconnect. Formation of
self aligned CoWP cap layer is described in, for example, Lee, “Electroless CoOWP Boosts
Copper Reliability, Device Performance, Semiconductor International, July 1, 2004, which is
herein incorporated by reference for all purposes. In alternative embodiments, a tungsten
layer or copper silicon nitride layer may be formed instead of a CoWP layer.

[0044] CMP processing also results in exposure of end portions 207A, 209A of the
disposable sidewall spacer elements 207 and interconnect sidewall spacer elements 209,
respectively.

[0045] FIG. 8 shows the structure of FIG. 7 following etching of disposable sidewall
spacer elements 207 and remaining portions of disposable layer 203 to form voids 211. From
FIG. 8 it may be seen that gaps 212 are thereby formed between interconnect sidewall spacer

elements 209 and remaining portions of upper lateral layer 204. Gaps 212 permit disposable
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FIG. 11 it may be seen that gaps 212 are thereby formed between

interconnect sidewall spacer elements 209 and remaining portions of
upper lateral layer 204. Gaps 212 permit disposable v sidewall spacer
elements 207 and subsequently sacrificial layer 203 to he exposed to

sidewSiChARL: depR A3 @S PainRileichssnatesal iokephaurtedf5om thetchant,

void region following exposure to etchant. Gaps 212 may also be referred

Gaps 9 2818PpERS Rhéd [HNRALITDS L BRI #dAY BICANd & SHRROMGTBY

for example, dielectric material (not shown) in other portions of the

exposgﬁV€8%téBQﬁtdi@ﬂﬁtﬂ?M§ ﬁ@o‘%%‘ijé%&ﬁeﬁ*w‘ﬁ@a E&H?Qg 2@@Ss-sectional

views. [0047] Etching of disposable sidewall spacer elements 207 and

(0046 maﬁl?%g%%ﬁi%%aﬁa?é?%%ﬁ?'&ﬁ%‘?{e%o%f T0 it DRUANY Al eria (not

aterial between a Jacent sidewall’ spacers of adjac nt interconnects.

show{)*“?ﬂno o o%%tf'l‘s)%?t Q%%GF%.'a‘Fﬁa'di'" &?étlzl94 %{é%' WS IR IR YR A
orm an per lateral wall element and lower lateral wa element,

cross-HESP glcl:tiv\gll : £OO43] the etchant is a wet etchant, more particularly the
etchantis a buffered hydrofluoric acid (BFF) solution. It will he

ppreciated that in accordgnce with. other embqdiments of the present
10047 T B SRR R 05 RS B R A SR G ayPs of
. other suitable etchant that will not attack upper lateral layer 204, lower
dlspoﬁ%‘i’l‘%&‘l‘yﬁfé’ﬁiﬁﬁfo&eﬁﬁ‘g}%ﬂ%@ Y Sl B SPRaH Hg T gecers of

. FIG. 9 shows an alternative embodiment of the present invention in which
adjacegy {pUAFSETRGEFoMRBY AL BEPEHENSBhSRRSS dpisE Krsindhanve plsateral layer

which the, structure of FIG. 7 is exposed to etchant such that incomplete
202 fogapsv PR datsinbrt sl emonirpd darePaigishy alrdseen Afmarigsr 203

that remain forma support posts 213 extending between and in contact
[0048]yith [Bhfestrhearaislayest sbhamaipssderieralxyee oohasipporifsss 213

provide mechanical support to tapper lateral layer 204, enhancing the
hydrofyesisaamich(BHED sg)ivahinfegitype appreciated that in accordance with other

embodiments of the present invention the etchant may be a dilute hydrofluoric acid solution
(DHF), or any other suitable etchant that will not attack upper lateral layer 204, lower lateral
layer 202, or interconnect sidewall spacer elements 209.

[0049] FIG. 9 shows an alternative embodiment of the present invention in which
structures are formed as per the steps described hereinabove but in which the structure of FIG.
7 is exposed to etchant such that incomplete removal of sacrificial layer 203 occurs. Portions
of the sacrificial layer 203 that remain form support posts 213 extending between and in
contact with lower lateral layer 202 and upper lateral layer 204. Support posts 213 provide
mechanical support to upper lateral layer 204, enhancing the mechanical stability and integrity
of the structure.

[0050] Interconnect sidewall spacer elements 209 provide structural support to

interconnect 210. This enhances the structural integrity of interconnect 210. Furthermore,

10



of the structure. [0050] Interconnect sidevrall spacer elements 209 provide
structural support to interconnect 210. ‘t'his ernhanc s the structural
integrity cf interconnect 210. Furthermore, 10 interconnect sidewall spacer
elements 209 protect sidevalls of interconnect 210 from damage due to

intercEXRATEANSRAPPARIMSIQ SiBNR0IRNLQINANSBIMARYE AN ST G HREN damage
during the process of forming voids or subsequently. [0051] FIGS, 10 to

due toldkJBistale esdormachdnr E}Qif&lﬂgpegﬂesw@z&éﬂ@f@ﬁﬂ%ﬁng the

structure 400 (FIG, 14) in accordance with a further embodiment of the

proceRIEBERHNEVHRR &gﬁgg@{%ﬁwh a trench first dual damascene inter
ation scheme. The scheme may be used to provide a transverse

nter (Wi X inter IKCU [ Foterc
s R A s 6P Ehntcrcqppec
r | ents_ s included structural elements of a.
s L e R T SR B

d Che %
e structure o ormea over a ectric layer 503 forme

layer 502. Dielectric layer 503 he formed tq. separate interconnects in
to pro B e e ) ek e T A 8 APy . o

interconnec(%s i@ho\%? trace fr?Tm other séreuctural elements below the trace.

betweid e S A1 PUORE FH AL CISTFBTS PETES DRSS HE it Graracsily other

cavity 405, between trench 105 and a structure underlying layer 502. The
structyil ool 10 THHAHA By P SR B i S CraReHIAG St source

portions of second confhrmal layer 208 overlying an upper surface of the
electr(ﬁ%

ot RS e BB GBS A S ety praesitaipsiyctyial slempt-

rocess is an anisotropic etchinP l_‘process, more particularly a reactive ion
[OOSZﬁtChiﬁ%&g&\ys the structure of FIG. 4 formed over a dielectric layer 503 formed

over a layer 502. Dielectric layer 503 may be formed to separate interconnects in a first trace
from interconnects in a second trace above the first trace, or interconnects in one trace from
other structural elements below the trace.

[0053] FIG. 11 shows the structure of FIG. 10 following formation of a via cavity 405
between trench 205 and a structure underlying layer 502. The via cavity 405 is formed by a
process of patterning and etching. Lateral portions of second conformal layer 208 overlying
an upper surface of the structure are also removed by an etching process.

[0054] The etching process is an anisotropic etching process, more particularly a reactive
ion etching process.

[0055] Interconnect sidewall spacer elements 209 remains following removal of lateral

portions of second conformal layer 208 overlying the upper surface of the structure.
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[0055] hitercornrect sidewall spacer elements 209 remains following
removal of lateral portions of second conformal layer 208 overlying the
tipper surface of the structure, ii [1056] End portions 207A, 209A of the
disposable sidewall spacer elements 207 and interconnect sidewall

[00563P2CENLAIBMEDTS 2092 206XPoSEd Iliving.ramaval idatetalnertions, afd
second conformal layer 208 overlying the upper surface of the structure.

interc%glngz %igé@aﬂgpala%em%rmqﬁ Qiﬁ:dgéd%&ﬂ@&%ﬂ‘gqgﬂgvﬂa&qg‘[%%orﬁom

arrier layer and a seed layer, and filling of the via cavity 405 and trench

of secofl WiJRIgisARIesBaLeial, e uparisriave bisferag am tantalum

nitride. 1t will bé appreciated tlgiat in accordance with other embodiments

[0057?c th%&?ﬁ%%%\%%%’&"ﬁcﬁ?r&%eﬁ@aﬁ'@1‘1‘&%% ?&%gtﬁfnoorfig[ﬁgn’ier layer and a

ombination with IXe seed layer IS tTormed Trom copper.

interco t rn.aterial.is_deposited. by el hemical plating (ECP).

secd L B et e G po b D Gtk The
. to remove material qverlying lateral portions of the u lateral layer .

b AR A H AR LA 16 ranidin T BRIG CoRMB A s sa gnoe with

00591 CMP prqcessing results.in exposure of cad portjons 2Q7A, 209A of
other HRRSID o LB PAERI B PS8 W) O L bl

spacer elements 2%9, 100601 FIG. 14 shows the strycture of FIG, 13 .
combmﬁma&%t?ﬁm BRSE0LanIe1S; T €8P8?ému5h‘t‘§r5‘€§°f’ﬂ?8°t A Eallis

remaining portions Ct disposable layer' 2t) 7 to forma voids 2 i | . Fro33"3
deposiipg by £lptHaghsa st RlaEeEhdval of disposable sidewall spacer

elements 207 results in the formation of gaps-2 12 between interconnect
WOSS&idevH@s&ééé?%%?ﬁy%@aﬁgh%ﬂai%#@“ﬁagtfaW&raﬁﬁém&f@r%ﬂmove

layer 204. Gaps 21.2 permit remaining portions of sacrificial layer 203 to
matert?év eypbyed ek mariopausha wsrétiprahiay e Hikh Jereenerral 0 and via

particularly the etchaut is a buffered
510 remain following CMP processing.

[0059] CMP processing results in exposure of end portions 207A, 209A of the disposable
sidewall spacer elements 207 and interconnect sidewall spacer elements 209.

[0060] FIG. 14 shows the structure of FIG. 13 following etching of disposable sidewall
spacer elements 207 and remaining portions of disposable layer 203 to form voids 211. From
FIG. 14 it may be seen that removal of disposable sidewall spacer elements 207 results in the
formation of gaps 212 between interconnect sidewall spacer elements 209 and remaining
portions of upper lateral layer 204. Gaps 212 permit remaining portions of sacrificial layer
203 to be exposed to etchant.

[0061] The etchant is a wet etchant, more particularly the etchant is a buffered
hydrofluoric acid (BHF) solution. In alternative embodiments of the invention the etchant is a

dilute hydrofluoric acid solution (DHF), or any other suitable etchant that will not etch
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hydrofluoric acid (BHF) solution, In alternative embodiments of the
invention the etebant is a dilute hydrofluoric acid solution (DHF), or any
other suitable etchant that will not etch 12 significantly upper lateral layer
204, lower lateral layer 202, or interconnect sidewall spacer elements
si gnif?éaﬁtlg%;ﬁ?dr fd€aral %?@%}W%@fﬁ@ 188 & S 3oalieming incomrIG iR spacer
removal of sacrificial layer 203. Portions of sacrificial layer 203 that
elemeifimain form support posts 213 extending between lower lateral layer 202
and upper lateral layer 204. Support posts 21.3 provide mechanical

[0062?“Pp@i@.ol!i%ﬁSGvLa{ﬁé%'t}é‘é’t%’ﬁ?QﬂFﬁﬂhﬁﬁfdﬂg&'i}?f;%%8 ﬁ‘é?é"ré&%k%}g%ﬁs“%ﬁﬁcial

Integrity of the structure. [00631 The presence of interconnect sidewa

' I port to interconn 10, This
e R S M S R 210 0

[dewall spacer elements 209 protect sidewalk cif .
bt P B L O SR e
caorrgsive agents, either dyring t rocess . of forming voids or . ...
e e e b e RGBS el
. l? eh%15 FI%S. 16, 17) is formed over the copper interconnect 210
mtegrbgf%re &te |ﬁg ¥ﬁ'sposable spacer 207 and remaining portions of sacrificial
aver 203. The capping layer 215 is formed in order to protect the
10063 o Rt AR By B PG RCh SN PrOGES giructura
Capping layer 215 is formed from cobalt tungsten phosphide (CoWP). If
SWPOWFB@%%?%@Q-t@l‘ﬁﬁﬁb%‘?ﬁ%ﬁé’ém‘ﬁﬂ%é’?%%ﬁﬁbﬁfﬁ%?ﬁ%oaﬂ@ﬁbz10-
present invention the capping laver 215 maybe formed from tungsten,
Furthetose, QirepnArtidad Sy alhspase Friments iR redest ks taefateroossct 210

It will he appreciated that some embodiments of the present invention will
from gggpage due to exposure to etchant and other corrosive agents, either during the process

of forming voids or subsequently.

[0064] In some embodiments of the invention, a capping layer 215 (FIGS. 16, 17) is
formed over the copper interconnect 210 before etching disposable spacer 207 and remaining
portions of sacrificial layer 203. The capping layer 215 is formed in order to protect the
interconnect from chemical attack by BHF or DHF etchant.

[0065] Capping layer 215 is formed from cobalt tungsten phosphide (CoWP). It will be
appreciated that in accordance with other embodiments of the present invention the capping
layer 215 may be formed from tungsten, copper silicon nitride, or any other functionally
equivalent material.

[0066] It will be appreciated that some embodiments of the present invention will not
include a capping layer 215 over the interconnect. Also, in some embodiments, the upper

lateral layer can be removed after formation of the void. In yet other embodiments, the void
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providing an opening in the upper layer which enables access to the

can b&IRgieibing piatediabtents cameved:dARe Rhepuahartihe descriptignand

claims of this specification, the words "comprise” and "contai_n" and

underMafiationsofl e, wekds, far example “comprising” and "comprises”, means
“including but not limited to", and is not intended to (and does not) exclude

[0067PtherTRIgERSt ARAIIVE Sy EOMPRNG iS:s BICHR"SH O BIERRARE Words “comprise”

Throughout the description and claims of this specification, the singular

nd © p h t ISRiTeSUIras 10, o me
o SORDSSTSS I BTSSR OB PRI S
“includ Aol 8mgﬁ%1tl %Bé%ﬁl%é%ﬁeadstowgllllda ooy 18t aé)'é% %g.lgﬁfert rr]r(laoieties,

context requires othernise. [00 atures, integers, characteristics,
additi$eMp aggﬁenqpqmie%% Srng(%igttéﬁg or groups described in conjunction with a

particular aspect, embodiment or example of the invention are to he
nderstood.to be applicable to any other ect, embodiment or example
[0068Eescrl e(%fl%‘l?é)}lgi?]h%nfgggl?rl%ggn%%ﬁ&g]tﬁgﬁﬁwtﬂ? A5 S S Bk ed

is; 14 CLAIMS . 1. A method for forming.a void in a structure comprising:
encom O ] R T L RH Ao S S HRGRHE G e
intermegiate layer between upper an%lower layers, wherein the

ndeliple it el e SREH EHENE] SOBEHAIF I tHe b pRRIcaHIAG et urality as

well a!sagli%rgsu;larity, unless the context requires otherwise.

[0069] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention are
to be understood to be applicable to any other aspect, embodiment or example described
herein unless incompatible therewith.

[0070] What is claimed is:
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forming second sidewall spacers in the trench on the first sidewall
spacers, the first and second sideyaliMgpacers can be etched selectively
to each other; forming a barrier layer to line the second sidewall spacers
infthe trémoéthddlfiorg dingirtgenatidvrith sirfidtureatemalisangd removing the first
sidewall spacers and at least a portion of the intermediate layer selective
to the setViiNgiaskUED aears asiRIgp e adheREITRiRIFE IES AR voids

in the structure between the upper and lower layers adjacent tg the trench
RIS A 4GB R GAReHRRRT (S (ISR er VR B TGSty

P9k 0 8K Ang 1 (eMoYIRg oL g Jlsksigewall spacers and at east

a portion of the in ediate layer. ethod of claim 1 wherein the

structure, ARy ISET A MeEeARDRSt layer of an integrated circuit. 3. The
method of claim 2 wherein the fill material comprises copper. 4. The

methoddzhokiting 3 flariberagenapeises §apaiag ancap lpper ieueraitsifiihg the
material in the trench. 15 5. The method of claim 2 wherein the fill material
ctrnshised oung listiveewadtepruers limhe sidewads dftiddiand fiwthiére device
ccl)mprises forming a cap layer over the fill material in the trench.
ayer;
forming second sidewall spacers in the trench on the first sidewall spacers,
the first and second sidewall spacers can be etched selectively to each other;
forming a barrier layer to line the second sidewall spacers in the trench;
filling the trench with a fill material; and
removing the first sidewall spacers and at least a portion of the intermediate
layer selective to the second sidewall spacers and upper and lower layers to form
voids in the structure between the upper and lower layers adjacent to the trench with
the fill material, wherein the upper layer over the voids is present prior to and during

the removing of the first sidewall spacers and at least a portion of the intermediate

layer.

2. The method of claim 1 wherein the structure comprises an interconnect layer

of an integrated circuit.
3. The method of claim 2 wherein the fill material comprises copper.

4. The method of claim 3 further comprises forming a cap layer over the fill

material in the trench.
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second sidewall spacers comprise a material selected from silicon
carbide Tadiawmbidaeaisi Dok eaRsTinitide iar Rmpmbinatadbgeof. 10.
The method of claim 9 wherein the intermediate layer and first sidewall
spatens.comprise a material selected from silicon oxide, doped silicate
glass or a combination thereof. 11. The method of claim 1 wherein the
first sidewall spacers and intermediate layer can be removed selectively
to_the upper, lower and second sidewall spacers with a wet etchan

The me A AR GRS HiSe AP BT i eclond
SH%Q ACEIS, mprise a material selected from silicon carbide, silicon
nitri silicon carbon nitride or a combination thereof. 16 13. The method
of claim 12 wherein the intermediate layer and first sidewall spacers
comprise a material selected from silicon oxide, doped silicate glass or a
cgmbingtiemiieseof cldmA wietlapdHerifonméngl aonptsesadppet. in an
integrated circuit device comprising: providing a substrate prepared with a
structure having a dielectric layer between lower and upper layers;
forming a trench in the structure;

8. The method of claim 1 wherein the fill material comprises a conductive
material.
9. The method of claim 8 wherein the upper and lower layers and second

sidewall spacers comprise a material selected from silicon carbide, silicon nitride,

silicon carbon nitride or a combination thereof.

10.  The method of claim 9 wherein the intermediate layer and first sidewall
spacers comprise a material selected from silicon oxide, doped silicate glass or a

combination thereof.

11.  The method of claim 1 wherein the first sidewall spacers and intermediate
layer can be removed selectively to the upper, lower and second sidewall spacers

with a wet etchant.

12.  The method of claim 11 wherein the upper and lower layers and second

sidewall spacers comprise a material selected from silicon carbide, silicon nitride,

silicon carbon nitride or a combination thereof.
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the trench on the first sidewall spacers; forming a barrier layer to line the

segond widevembapAcRIs: filingkibe fientbrwidLo RgeciivefireadRidakll
wherein a top surface of the conductive material is coplanar with a top

supaeescbtheisgpperdayier s¢heeted rductiNenroxiteriddpadsdidaeEnghstoonss the
interconnect; and selectively removing the first sidewall spacers and at
|ezesekingbptidhetstthe dielectric layer to form voids adjacent to the trench
between upper and lower layers, wherein the upper layer over the voids
IS present prior to and during selective removal. 15. A structure

C‘?H‘pr'SA”r%ef%o%‘g?ég?éﬁ ’LM"H{SMH%EPH%W }ﬁﬁ? ?dec??%ﬂ dBiede layer

having a top sur |ng atop surface o ructure; a fower layer
hayingigngottom surface defining a bottom surface of the structure; a
feature disposed in the structure; 17 a barrier layer lining sidewalls of the

feature;Bigeivigl hSNBSRIR Prepaccd aitie sayelumahingesidhketsideyealls of
the feature; and a void in the structure adjacent to the spacers, wherein
tHeetwsiehio Wefianstupgerddyettom surface of the upper layer, a top surface of

the lower layer and one of the
forming a trench in the structure;

depositing a device layer over the upper layer and lining the trench and
removing the horizontal portions of the device layer to form first sidewall spacers
lining sidewalls of the trench;

forming second sidewall spacers in the trench on the first sidewall spacers;

forming a barrier layer to line the second sidewall spacers;

filling the trench with conductive material, wherein a top surface of the
conductive material is coplanar with a top surface of the upper layer, the conductive
material in the trench forms the interconnect; and

selectively removing the first sidewall spacers and at least a portion of the
dielectric layer to form voids adjacent to the trench between upper and lower layers,
wherein the upper layer over the voids is present prior to and during selective

removal.

15. A structure comprising:
a substrate on which the structure is disposed;
an upper layer having a top surface defining a top surface of the structure;
a lower layer having a bottom surface defining a bottom surface of the
structure;
a feature disposed in the structure;
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and selectively removing the first sidewall spacers and at least a portion of

the dielgptiicelay@sr ioimssrleleastd i yeidiletween the interconnects. 17,
The method of claim 16 wherein removing the at least a portion of the

dielectrigidawyell $pacessain ¢zsbarier \ayer, whithh fieasahe sgligealroofstef fdature;
dielectric layer serving as a support between the upper and lower layers.
18nd"he method of claim 14 wherein removing the at least a portion of the
dielectric Iaf/e_r forms the void, with remaining portions of the dielectgg
Ry

layer sefiRE "B RSLGHERAEERRRER BResBREr AHETRIAF KRR 059
MR PLEIAID d u ssein e condiciive paleriRlsoneYis

%SoSSBP%r
e me urther comprises forming a cap layer on the

supeitaieerdhe conductive material in the trench. 21. The method of
claim 19 wherein: 18 the upper and lower layers and second sidewall
spacers comprise a material selected from silicon carbide, silicon nitride,
silicon carbon nitride or a combination thereof; and . the dielectric layer
an@ firstfbrienatatidspiaatairs domerde a material selected from silicon oxide,
doped silicate glass or a combination thereof. 22. The method of claim 19
whereinf QBT StEReaH Kiss cerainghirdiand serondyeanches with first and

second sidewall spacers on sidewalls of the trenches and first and second
interconnects; and
selectively removing the first sidewall spacers and at least a portion of the

dielectric layer forms at least one void between the interconnects.

17.  The method of claim 16 wherein removing the at least a portion of the
dielectric layer forms at least one void, with remaining portions of the dielectric layer

serving as a support between the upper and lower layers.

18.  The method of claim 14 wherein removing the at least a portion of the
dielectric layer forms the void, with remaining portions of the dielectric layer serving
as a support between the upper and lower layers.

19.  The method of claim 14 wherein the conductive material comprises copper.

20.  The method of claim 19 further comprises forming a cap layer on the

substrate over the conductive material in the trench.

21. The method of claim 19 wherein:
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to the upper and lower layers and the second sidewall spacers with a wet

etchantirAppbeamedvas B siainid3uhe sriBw AN e ftepRIcanBrese miayess

and second sidewall spacers comprise a material selected from silicon
cadtrdied siticosilicatriceb sidicolitaaniote nstiie carbocaonitivie atiacotit@netdn and
. the dielectric layer and first sidewall spacers comprise a material
sée@eiciantbm silicon oxide, doped silicate glass or a combination thereof.

25. The structure, of claim 15 wherein the void comprises a support
botwea U BEAG PAFCES T SOEEN SEacrCCPRtRGra BF el soRe e

wp ein the SHRP uppe (ﬂ] e ers comprises a

I h : L
ma%r#gcglgc}@dgéégmgéwgz%%é)%((glaé? %6{8%% sﬁ\cg:gt{eég@a({ss or a combination
thereof. 19 27. The structure of claim 15 wherein the feature comprises a
conductive interconnect feature. 28. The structure of claim 27 wherein the

voRr] comisethaosiiRRaT 1iNeem the fitsp piaeadts et aedRlctBicTager
structure of claim 15 comprises: a gap between the upper and lower
|agaerbe agrdoed apldaivatydodhaiprieraod thefdayareand the second sidewall

spacers with a wet etchant.

23.  The method of claim 14 wherein the first sidewall spacers and dielectric layer
can be removed selectively to the upper and lower layers and the second sidewall

spacers with a wet etchant.

24.  The method of claim 23 wherein:

the upper and lower layers and second sidewall spacers comprise a material
selected from silicon carbide, silicon nitride, silicon carbon nitride or a combination
thereof; and .

the dielectric layer and first sidewall spacers comprise a material selected

from silicon oxide, doped silicate glass or a combination thereof.

25.  The structure of claim 15 wherein the void comprises a support between the

upper and lower layers.
26.  The structure of claim 25 wherein the support between the upper and lower
layers comprises a material selected from silicon oxide, doped silicate glass or a

combination thereof.
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15 wherein the upper and lower layers and the spacers comprise a

meperialraelaaiedrd onzisficovariieifehessiispre Rishpassdlicosheasthen nitride
or a combination thereof. 20
interconnect feature.

28.  The structure of claim 27 wherein the void comprises a support between the

upper and lower layers.

29.  The structure of claim 15 comprises:
a gap between the upper and lower layers; and

a cap layer over the top of the feature.

30.  The structure of claim 29 wherein the upper and lower layers and the spacers
comprise a material selected from silicon carbide, silicon nitride, silicon carbon nitride

or a combination thereof.
31.  The structure of claim 15 wherein the upper and lower layers and the spacers

comprise a material selected from silicon carbide, silicon nitride, silicon carbon nitride

or a combination thereof.
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