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-1 A METHOD FOR MANUFACTURI NG A LOW DI ELECTRI C CONSTANT | NTER- LEVEL
| NTEGRATED CI RCU T STRUCTURE Field of the Invention 5 The present invention
‘relates generally to sem conductor manufacturing, and nore particularly, in

formng |l ow dielectric constant regi ons between netallic nenbers to reduce

capacitive coupling and cross- talk. 10 Bac1kground of the Invention Mbddem

Integrated circuits contain thousands of sem -conducting devices on a
single chip and as the device density of a given chip increases 15 nor e

! ?%/ﬁ_r s of netal W-\flﬂlE"l'lPlDB“FOl? MANUFACTURING AROW DIELECTHIC CONSTMINTOVEr,
within a given netal |la r S

nmetallization |ines wsmﬂﬁggwiﬁaﬁéﬁbt Wfﬁébﬁéj‘gﬁl p size as
integrated circuit device density increases. At the same tineg,

nmetal li zati on resistance and capaci g nimzed in order to neet
the chip's 20 speed and performn@ﬁ@&m&@@ﬁ? . Traditionally, the
inter-levelbdielectrics used to isolate netallization lines within a sane

| evel and metal | i zat$i00mbdAG$ irdvantidl ; f or med
oVet, and el all | 22 THOplsRRE nioR dlaldetiatrahtlambaaubegn porfor ne
doped silicon dnaRutastyring. aaddnere partisuiappHpdpraiog low siclegtrigeonstemte) , 25

phosphosi | i cat eregfigtishdtiveeh métadlicihemberairretiiesicaphcivad ebupifitpand efbss-
tetraet hyl ort hos’hlJl cate based (TEOCS) oxi des have been used as dielectric

| ayers in thesel@al ti-netal | ization structures. The sem conduct or

I ndustry' s1@onti nuing demand for integrated circuits with ever increasing

devi ce densities and operating S@?&Qr&fﬁ&]éfﬁl% IRGYht r‘el ectric materials
nts=n or

havi ng | ow 30 di el ectric consta er to feduce cross-talk,
capacitive coupling, and resulting speed degradation. However, many of the

| 'ow di el ectric constgaHefPintddratet dfiufs cérﬁaiﬁﬂ%hsfaﬂdéfb’f Sbiriicehdli@irg and
i nt er-net al . dielectric Iaegers&ipe difficult Iofil\q%%k Wlfth, ecgyse of " their
poor mechani cal 98Yi¢eR B Single and as the dpvie gy of a gvengripiingreases o
processi ng15 enpeibed layers ohinctdliiznidn dretequitdtbto intaroonndt the devices.
Moreover, within a given metal layer, the horizontal distance separating
metallization lines must be reduced in order to minimize the chip size as
integrated circuit device density increases. At the same time, metallization
resistance and capacitance must be minimized in order to meet the chip’s

20  speed and performance requirements. Traditionally, the inter-level
dielectrics used to isolate metallization lines within a same level and
metallization lines in two different levels have been performed using
materials with high dielectric constants. For example, undoped and doped
silicon dioxide layers such as borophosphosilicate glass (BPSG),

25 phosphosilicate glass (PSG), and plasma and chemical vapor deposited
tetrasthylorthosilicate based (TEOS) oxides have been used as dielectric
layers in these multi-metallization structures. The semiconductor industry’s
continuing demand for integrated circuits with ever increasing device
densities and operating speeds requires new dielectric materials having low

30 dielectric constants in order to reduce cross-talk, capacitive coupling, and
resulting speed degradation.

However, many of the low dielectric constant materials which are
used to form inter-level and inter-metal dielectric layers are difficult to work
with because of their poor mechanical strength. In addition, many of these
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.exposed to thermal processing over a certain tenperature once forned on an
integrated circuit. In addition, many of these materials al so provide poor
-thermal conductivity. Therefore, heat generated during high frequency 5
operation cannot be effectively dissipated fromthe integrated circuit
whereby circuit reliability becones a probF%n1 Accordi ngly, a need exists
for a method for formng an interconnect structure with a dielectric |ayer
having a | ow di el ectric constant whereby mechani cal strength di sadvant ages

are reduced, angatérdisrhhveé predessingenmiperatups initdtiords) i.8L,ithéy Dasast g | on of
the Drawings FIGs. 1
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enbodi nent of téaeirte§rated niveuit.i innaddilides . manyl Of thiesasnatatials dlso provide poor

cross-secti onal gdi e ' -

ctruct ure i achonal SRydRRLS TheRirSHS noal bt AVACHRRIRARRLy i o,
FIGs. 11-155i || eperation canpotbe effegivaly dissipatrchfjpamibe iptegeated cedis for 20
maki ng an i nt er gRBRMRLcifELIt Eliabifty DacoRfeR 4lpfbfort IAtasAdinglp 04 MRedaXiStE fett | ve
enbodi ment of the | vagt |ﬁ1. FI G .Jt6 i1l ustrat ?s |.ﬂhagprloss.- ectional

di agram an i nt 8MiRAdder rming an intgyconpect stryctifiejuith, g dielgetric jaygy having

mat ﬁri al dﬁgogi awuﬂiefie@trioconsmpmr@by mphamibalﬁtregfgmdmdm_anmggeraganc]?
with one enbodi t e e appreciated that for
sinplicity and %Fﬁya%ﬁt’]ﬁ?“r?’ﬁlﬂtdis%agﬁbqgf%h@( “illustrated in the FI GURES
have not n#&Oessarily been drawn to scale. For exanple, the dinensions of

some of the elements are 30 eBﬁgﬂ%@&@ﬂi&neéﬁhb‘tﬁ?% her elements for
priate, reter

clarity. Further, where considered appr ce nuneral s have
been repeated anong the FIGURES to indicate correspondi ng or anal ogous

el ements. 3 DescrF[Gis.onedlustralt¥, 9h erésdotiondl ditgianss, irooésy/stepsgolr esent

I nvention invol V%?(' a rretragd for t{;élr' mtﬂrg an interconnect str LB(CO'[QJI’ e tnfv\;gn

integrated ci rcO1AKING & NAGEBNRCERGHIE ifacgguiageevith ong smbogimentetiog,

adj acent n#bal Inveatiom.s reduced. In one enbodi nent of the invention, an

I nterconnect struct ugpsd S7.hBiRtaYS i Srésslddctibndl Gibgfirs, prodd& steps for
making an interconnect structure in accordance with an alternative of
embodiment of the invention.

FIGs. 11-15 illustrate, in cross-sectional diagrams, process steps for

20  making an interconnect structure in accordance with yet another alternative
embodiment of the invention.

FIG. 16 illustrates, in a cross-sectional diagram, an interconnect
structure wherein air gaps are formed by a material deposited via a non-
conformal deposition process in accordance with one embodiment of the

25  invention.

It will be appreciated that for simplicity and clarity of illustration,
elements illustrated in the FIGURES have not necessarily been drawn to
scale. For example, the dimensions of some of the elements are

30 exaggerated relative to other elements for clarity. Further, where
considered appropriate, reference numerals have been repeated among the
FIGURES to indicate corresponding or analogous elements.



-with a high dielectric constant and a second dielectric layer with a | ow
dielectric constant. In this enbodi nent of the invention, the dielectric

-l ayer having a low dielectric constant is fornmed predom nantly between 10
conductive interconnects and not substantig%ly over the conductive

I nterconnects. The |low K dielectric materi Is formed in this manner after
a sacrificial higher-K dielectric |ayer between the interconnects has been
renoved to provide areas between conductive nenbers which can be filled

low-K dielectric nateri al ?g%aﬁg:nlgmoﬁgﬁt,?f%%l Eftl @khf! over the 15

conductive nenbers is reduce ect placenent of |owK
material to between conductive regions instead of overlying or underlying

\cM?nfluct ive m%‘rrbert Ih ”Géﬁéﬁz‘-ﬂ tih%r;fffahem |ﬁ$érlﬁf§ri |ﬁ0?!@6§afmémlf@ﬁforﬁ*ﬁﬁ@aﬁt[‘h
e reservi e a van age 0 SO n,ass.o e
o & Pt ert ui idBondbct Sudtiadn poihediags ot e Mo RRG Rt
:c nt er SOB neck ﬁtcmssualk betweeay ad;arbenemetaldmesuarédwedmrt mrmaedmloalynemtsof
et chi I le
Cotond af ef oot 11 iftubtion, afifteredrindes sfhBilrd & fofhBl s A SRR daydt
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deposi ted such &@Péctﬁ@eoﬁéwﬁta% tﬁeeé?hﬁgduge?r& B?th7e5mveif1 ndﬁ&héuﬁlé‘&h& 'l£yelrayer o

is sealed to form an I on secon ec ric can
owdiel

spi n-on-resin wha¥ing evg?rﬁsm's med pre ewnfm#yd?etWﬁensecond

dielectri 010ayeconwcﬂnb@mtémmh@dtstamenomﬁ:dmuam rdvéﬁthmuuwv@r evi ously
seal ed by the se ond

d A d |
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dielectric is pmmmmﬁwwummmmyer betweergtherintertennecisbasbeen
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4 In an alterna the Tnventi o i ons
forned bet ween leW-Kdiplectisrmaterial whetahy |°Wr|§é’iQ!@¢iﬁ§matBrlﬂle%Vth%pl nn| ng on

el 135 obendatiemangi ealyary skt TIB ISl

menbers within %{9 @f)mzlla%we\?@ ‘?‘WFE'F{%%F%&W? Q?”E%ad ‘ﬁéiY@ﬁ'éf N¥Pfupon the

atom c gas cont enderdfing bonductiveanembed improves tiesrmeal piisssation arfd fmechanicah,

i el ect e consPATORAMEBsEnISBie adsiie i avad ofionadedErfd . ™
with the low-K material.

20 In another embodiment of the invention, an interconnect structure
having reduced cross-talk or RC time delays is formed by etching a first
dielectric layer to form a contact opening. A second dielectric layer is then
deposited wherein the second dielectric layer has a low dielectric constant.
The second dielectric layer is deposited such that the contact opening in the

25 first dielectric layer is sealed to form an air region (e.g., the second dielectric
can be a low-K spin-on-resin with a stiff polymer backbone). A portion of the
second dielectric layer is then removed to expose the contact opening
previously sealed by the second dielectric layer. A dual in-laid metal
interconnect is then formed within the contact opening whereby the low-K

30 second dielectric is positioned between conductive regions where isolation
benefits are achieved while thermal and mechanical properties are
improved.



coupling in polysilicon and nmetal interconnects. 10 I'n yet another
enbodi ment of the invention, a non-conformal dielectric layer is forned
‘overlying adjacent conductive interconnect lines such that a void/air
region is formed. between cl osel y-spaced coqguctlve i nterconnect |ines

wi thin the sane conductive inter-connect |evel. A second dielectric |ayer
Is then formed overlying the non-confornmal dielectric |ayer 15 and
planarized to forma conpleted inter-level dielectric. The'second

di el ectric layer andinaraliemativeeobadimenhditbeiineentione voilfair tdytongata er ned
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20  two conductive interconnect lines so that circuit speed is improved and
logical cross-talk errors are avoided.
The embodiments of the present invention can be further understood
with reference to FIGs. 1-16.
FIGs. 1-6 illustrate, in cross-sectional form, process steps for making
25  aninterconnect structure in accordance with a first embodiment of the
invention. Shown in FIG. 1 is a portion 10 of an integrated circuit structure
comprising a first dielectric layer 12, an etch stop layer 16, and a second
dielectric layer 18. In FIG. 1, first dielectric layer 12, etch stop layer 16, and
second dielectric layer 18 are pattemed using conventional lithographic and
30  etching techniques. In a preferred embodiment, first dielectric layer 12, etch
stop layer 16, and second dielectric layer 18 are simultaneously patterned
and etched using a plasma etch chemistry comprising a fluorinated etch
species. For example, the layers 12, 16, and 18 may be pattemed in a
plasma environment which is generated using etch gases such as CHFg3,
35  CFy4, CoFg and/or the like. It is important to note that this etch process



wel | contact, a source/drain, a thin filmtransistor (TFT) node or a like
doped polysilicon or substrate portion. Polysilicon may be replaced with 10
-anor phous silicon, epitaxially grown silicon, or refractory silicided
silicon- containing |ayers. In one enbodimept, first dielectric layer 12
and second dielectric layer 18 are forned uSing the same material. For
exanple, first dielectric layer 12 and second dielectric layer 18 may be a
| ayer of 15 bor ophosphosilicate glass (BPSG, |ayers of plasma
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30 In Fbéh r phot oresi st and etch process is used to form
I nt er connect trenc %Ithl n | ayer 18. The openings through layer 12 in

FIG 1 are contact poﬂF?n&Q‘QQS’"HﬁGblflr%I digjeaiticdayer 12+ard saconchdietaninic ng
formed through |ayeen BJa?e lf@m'fé@usnﬁg'tﬁe %Brﬂé"lhﬁfé‘riﬁi‘ neek ekérﬁ@@‘ flf&%lé}lgéﬁbt he

e second
anj?éfgg?fftc T ;%é(Chig %ﬁ%’l‘?@ﬁ'@sﬁ;@ﬁ? {3) %M?rloﬁyer 16 using an
etch chem 3bry bompfmsp’eoslllca'.té iglasst (BPSG)) dyess dep Iasma wraetiiyid mmggtfgtt? hat
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that illustrat eﬂu‘!ﬂnatﬁﬂ WI‘&'aVQWOI' kedielectric materials.c inladother fmm r:he .
o oo oA LIS bl B e 2 BT
material is the i $¢gqnd dielectric layer 18 are formed using conventiona

20 plasma deposmon processes, low pressure chemical vapor position
(LPCVD) processes, or the like. In one embodiment, etch stop layer 16 is a
layer of plasma enhanced silicon nitride when the layers 12 and 18 are
oxide. Alternatively, etch stop layer 16, which can also function as an anti-
reflective coating (ARC) used in lithographic processing, may be a layer of

25 silicon rich silicon nitride, aluminum nitride, or any dielectric layer which can
be used as an etch-back stopping layer or a chemical mechanical polishing
(CMP) stop layer. Also, silicon oxide nitride (SION) or silicon rich SiON may
be used as an etch stop or anti-reflective coating (ARC) layer herein.

RC)

30 In FIG. 2, another photoresist and etch process is used to form
interconnect trenches within layer 18. The openings through layer 12 in
FIG. 1 are contact openings to underlying material whereas the opening
formed through layer 18 in FIG. 2 is an interconnect trench. To form the
interconnect trenches of an in-laid metal (damascene) process, the second



contact portion 14 and interconnect portion 20. This conductive |ayer of 10
material is subsequently planarized by CVP and/or etch processing to form
:conductive interconnects 21. In one enbodi ment, conductive interconnects 21
are formed by first depositing a thin barrugr | ayer within contact portion
14 and interconnect portion 20 followed by t hi cker conductive | ayer which
nore conpletely fills conductive portion 14 and interconnect portion 20. It.
15 shoul d be appreciated that interconnect 21 may be formed using

conventional chfigleetic lapsH BB iscétched sbRieting td 60 stop tdyair déassing afigith et ch
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t ant ald um 2% ant fwmm rsecondejelectric tayen18i | It :.sdmpminlant teenotei thahduahisilaidcon
barrier | ayers ?‘%ﬁ?ﬁ%ﬁﬁéﬁfﬁ 6 Bq pRifdihsl it Biiet sl e/ inah Aty Sated

appr eci at e t hah FIGspdr2. Gis 1-2iare bitendedhipsbe reprasentaliverof any meshed dor e

thereof, or theohhiify dwl infidstdciites Rvinicoktict bréds aRd RitébRnb&t form
i nt erconnect 21 over the barrier |ayer(s). Mreover, conductive

i nterconnect 21 &¥e fornmed using conventional 25 chem cal vapor
deposition (CVD) tecihFIQ)Ss a coneluttivaliayet of mageriat dhihienudepositpd ivittiin ng

t echni ques, and | [ ' S .
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sacri fici alOdi emataridl is $ubsaqueotly plangyized by<eMPand/et gich@rosessingtoiorm
expose por { | OnSedquRliGe itbRhBYRI21.On dde SBALIER, BBRAGIB!RkridHeddc
remai ning portions of dielectric |ayer 18 may be refroved. using conventi onal
pl asma and/ or vet 2 tarmeg RytshAgpesiting A thindarhetlayrewithinrontastnastion 14
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ernatively, e remaini ng.porti.ons of dielectric,layer renove

35 i ng. the 3t oETRIFA B Eongie porier 13cand, fuerB ot 26. V)
FIG 5, a 15i r dshibuld betappretiateerthaintercongect 2 fomayibe feanedasingnist ant e is
then fornmed ove i L 4 d(%qglg dj | CS
for use herein %?@E‘ﬁgﬁélt%ﬁlgéﬁhggﬁgﬁ%li&#g?@ r e ui: Ichﬁf%’u?s&e%tssgfeité k and
capaci ti ve couphacig(REB) techpiguesymrd(ortimed-plagmaleich prasessingnd\ny layeroris 5
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deposi t i on20 echiungstsh nittidenercsthpplikemyaterial nsay be ased lasterder 1agéis)fontheh ar e
best portions 14 and 20. In addition it should be appreciated that copper, gold,

silver, tungsten, aluminum, any composite thereof, or the like may be used

as the thicker fill materials to form interconnect 21 over the barrier layer(s).

Moreover, conductive interconnect 21 may be formed using conventional

25 chemical vapor deposition (CVD) techniques, electrode plating techniques,

sputtering techniques, and/or selective deposition techniques.

In FIG. 4, the remaining portions of second dielectric layer 18

(referred to as sacrificial dielectric layer portions) are selectively removed to
30  expose portions of etch stop layer 16. It should be appreciated that the

remaining portions of dielectric layer 18 may be removed using conventional

plasma and/or wet etching techniques. In one embodiment the remaining

portions of dielectric layer 18 are removed using buffered HF solution.

Alternatively, the remaining portions of dielectric layer 18 may be removed
35  using the same etch process used to define interconnects 21.



used for the layer 22 are hydrogen sil sesqui oxane (HSQ , benzocycl obutene
10 (BCB), polyimde, and polyarylether (PAE). For exanple, in one

- embodi nent, dielectric |layer 22 has a dielectric constant of approximtely
e = 3.0 and is a spin-on glass material such as HSQ Alternatively,
dielectric layer 22 may be a thermal settinfg resin such as BCB which has a
dielectric constant of approximately e = 2.6. Alternatively, dielectric

| ayer 22 nmay be a 15 pol yaryl ether such as PAE or PAE2 having a
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In FIG. 6, dielectric 22 is then planarized to expose a top portion of

conductive interconnects 21. Typically, the portion of interconnect 21 which
is exposed is a top portion of the conductive interconnect portion 20 as
illustrated in FIG. 6. In a preferred embodiment, dielectric layer 22 is

25 planarized using conventional plasma etching techniques and/or chemical
mechanical polishing. As shown in FIG. 6, this planarization results in a
formation of an interconnect structure having a low dielectric constant
dielectric layer 22 (e _ 3.5) overlying another dielectric layer 12 and 16
having a higher dielectric constant (e > 3.5). In addition, layer 22 and/or top

30 portions of the conductive interconnects of FIG. 6 may be covered by an
optional anti-reflective coating (ARC) layer. It should be appreciated that
dielectric layer 22 which has a low dielectric constant improves circuit
performance because capacitance between adjacent interconnect lines is
reduced by lower-K films. Due to the fact that layer 22 does not cover the



structure conprising an etch stop layer 32, a first dielectric |ayer 34,
and a 10 phot oresi st | ayer 36. Using conventional photolithographic
:patterning and etch techniques, etch stop layer 32 and first dielectric

| ayer 34 are etched to forma contact portion 38 within first dielectric

| ayer 34 and to expose an underlying conductive region (not illustrated in
FIG 7) such as a netal interconnect, polysilicon, or doped silicon region.
Layer 32 is forned using 15 conventional plasma or chem cal vapor
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BPSG, PSG, TEOS, fluorinated oxide, or like dielectric materials or

composite layers.

In FIG. 8, photoresist mask 36 is removed and a dielectric layer 40

25 having a low dielectric constant is formed over dielectric layer 34 such that
contact portion 38 is capped or bridged by dielectric layer 40 and left unfilled
(i.e., an air gap 38 is formed in FIG. 8 from the contact portion 38 of FIG. 7).
An anti-reflective coating (ARC) layer 42 which also serves as a hard mask
is then deposited over dielectric layer 40. In a preferred embodiment,

30 dielectric layer 40 has a dielectric constant e of 3.0 or less, but can be any
material less than e 2 3.5 to confer electrical isolation benefits between
adjacent conductive members. In one embodiment, dielectric layer 40 is
polyphenylquinoxaline (PPQ) and has a dielectric constant of e = 3.0.
Alternatively, dielectric layer 40 may be a layer of polyimide having a

35 dielectric constant of e = 2.6. The polyimide may be formed from either a



40. A slower ranp thermal process will be nore likely to avoid any
blistering 10 of the air gap 38 than a fast exposure to high
“tenperatures. Al so, a sub- atnospheric spin-on process can be used to
create air gaps 38 with reduced pressure or, fewer trapped nol ecul es/ at ons.
Thi s sub-at nospheri c process can reduce bl %t er | ng effects by elimnating a
hi gh density of atons within the gap 38. 15 In FIG 9, conventional
phot ol i t hographi ¢ patterning and etching techniques are then used to
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coating (ARC It‘i‘?egapﬂﬁs-i s then forned overlying dielectric 40 and

conduct i veignt er connigciig. 48 cohverttivhial phowlitioRt£sHic patleiridy ahd etdHing ess
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48 wher e i sol atimportani e natecthat edditional etching is not required to form a contact
20  opening to an underlying metal interconnect or doped silicon region since
the air gaps 38 were isolated in FIG. 8. In one embodiment, dielectric layer
40 is patterned using a plasma comprising oxygen, and photoresist mask 44
" used to define the opening within dielectric layer 40 is removed at the same
time that dielectric layer 40 is etched. Therefore, in this embodiment the
25  etch process used to pattern dielectric layer 40 also simultaneously removes
some or all of the photoresist mask 44 used to define the opening within
dielectric layer 40.
In FIG. 10, a batrrier layer 49 and a conductive film material are then
formed within contact opening 38 and interconnect region 41. A portion of
30 the barrier layer 49 and the conductive film material are then selectively
removed to form conductive interconnects 48 of FIG. 10. [n one
embodiment, conductive interconnects 48 are formed using conventional
plasma etching techniques. Alternatively, connective interconnects 48 may
be formed using conventional chemical mechanical polishing (CMP)



and (2) not |located over the entire wafer to degrade nechanical stability
and 10 thermal dissipation, the final structure of FIG 10 has advant ages
‘over the prior art. FIGs. 11 -15 illustrate cross-sectional process steps
for making an interconnect structure in accordance with an alternative
enbodi ment of the invention. Shown in FIG 1 is a portion 50 of an
integrated circuit structure 15 conprising a first dielectric |ayer 52
and a plurality of conductive interconnects 54. First, dielectric |layer 52
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20  photolithographic patterning and etching techniques. The plurality of
conductor interconnects 54 may be formed using doped silicon dioxide,
metals, metal salicides or the like.

In FIG. 12, an optional etch stop layer 56 is then formed overlying first
dielectric layer 52 and overlying the plurality of conductive interconnects 54.

25  The optional etch stop layer 56 is formed using conventional plasma or low
pressure chemical vapor deposition techniques and may be silicon dioxide,
silicon nitride, silicon oxynitride, or aluminum nitride. Silicon dioxide is
preferred for layer 56 and layer 56 may be etched to form sidewall spacers
in FIG. 12. The layer 56 is also used to compensate for contact

30  misalignment to the regions 54. If the air regions 60 of FIG. 13 are exposed
to contact openings as illustrated in FIG. 14 and a highly conformal metallic
depositions process is used, the electrical shott circuiting may resuit. To
avoid this electrical short circuit problem, the spacers or layer 56 provides
the additional benefit of compensating for photolithographic contact



resin used for layer 58. In addition, air gap 60 may al so be forned al ong
the 10 sidewal | s of a given conductive interconnect 54, as al so
“illustrates in FIG 12, thereby form ng air spacers. |In one enbodi nent,
dielectric 58 is PPQ having a dielectric cgnstant of | ess than or equal to
3.5. After layer 58 is spun on to etch stog1layer 56, dielectric |layer 58
I s anneal ed at a tenperature ranging from 100-250[err] C for approxi mately
30 m nutes. AIternatlver, dielectric layer 58 may be a pre-imdized
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74. Barrier |ayer é conventi onal techniques and nay be a

conposite layer of tinkl&.o athirdidielectimlayer@2de taen épm'!ﬂMVQiWIHQJW%
nitride, tpptal gigdetid la§8r 58. Dielectric layer 62 may be formed using conventional

plasma or low pressure chemical vapor deposition techniques and may be a
layer of BPSG, PSG, TEOS, silane, fluorinated silicon oxide, a composite
dielectric, or like dielectric layer(s). Conventional photolithographic and
patterning techniques are then used to form via openings extending through
25 third dielectric layer 62, second dielectric layer 58, and etch stop layer 56 to
expose a portion of an underlying conductive interconnect 54. Layer 56
provides mis-alignment yield enhancement as previously discussed with
respect to FIG. 12. A barrier layer 64 is then formed within via openings and
a conductive fill material 66 is then formed overlying the barrier layer 64. A
30 portion of barrier layer 64 and conductive fill material 66 are then selectively
removed to form conductive vias 68 with via openings. Barrier layer 64 may
be a composite of titanium and titanium nitride or a layer of tantalum nitride,
a layer of tungsten nitride or the like as previously discussed herein.
Conductive fill material 66 is formed using conventional deposition



"or the like. Sinilarly, conductive |layer material 72 is fornmed using 10
conventional deposition techniques and may be a | ayer of tungsten,
~al um num copper, silver, gold, or the like. FIG 16 illustrates in
Cross-section an interconnect structure in1 ccordance with an alternative
enbodi nent of the invention. Shown in FIG "6 is a portion 60 of an
integrated circuit conprising a first dielectric |ayer 15 62, a
non-conformal dielectric layer 66, a plurality of conductive interconnect
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20 formed using conventional photolithographic and etching techniques. The
plurality of conductive interconnect lines 64 may be formed using doped
polysilicon, aluminum, tungsten, metal silicide or a composite of polysilicon
and metal silicide or the like.
As shown in FIG. 16, at least two of the plurality of conductive
25  interconnect lines 64 are separated by a distance X. Non-conformal
dielectric layer 66 is then formed overlying the plurality of conductive
interconnect lines 64 such that a sealed void region 68 is formed between at
least two of the conductive interconnect lines within the plurality of
conductive interconnect lines 64. Sealed void regions 68 spans at least
30 60% of the first distance X which separates two adjacent conductive
interconnect lines 64. It should be appreciated that non-conformal dielectric
layer 66 may be deposited such that sealed void region 68 spans 70%,
80%, or 80% of the first distance X. In a preferred embodiment, non-
conformal dielectric layer 66 is deposited using silane as a source gas in a
35 plasma enhanced chemical vapor deposition (CVD). Alternatively, other




structure has void regions between close adjacent conductive interconnect
| ines where inproved isolation is usually needed. These void regions have
10 a dielectric constant of approximately 1.0 in a preferred form and

t hus reduce RC tine delays or cross-tal k betyveen adjacent conductive

i nterconnect |ines 64 which are closely spaced. Thus it is apparent that
there has been provided, in accordance with the present invention, several
structures and nmet hods which can be used to 15 reduce cross-tal k and
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it gaps and { nBESenhPUPBERI EVe(Hl STUFLSE 8Nd Shthads whighean Bo used to
i nterconned® whesdice crossHalk iand caphagitive lcouplingd)in metAicmeRfsErs bvengiRgan €
separated by thfusaatficHlfi Sidstate.) AkBugh the invention has been described and
illustrated with reference to the specific embodiment, it is not intended that
the invention be limited to these illustrative embodiments. Those skilled in
the art will recognize that modifications and variations may be made with
20  departing from the spirit and scope of the invention. For example, layer 16
and 12 of FIG. 4 can be trenched after formation of the layer 20 so that layer
22 of FIG. 6 plugs an opening which is slighter deeper than that currently
lustrated in FIG. 4. This deeper region can further improve isolation
between elements 20. Therefore, it is intended that this invention
25 encompass all variations and modifications as fall within the scope of the
appended claims.



2. The nethod of claim1 wherein the step of formng the second 20
dielectric layer conprises: formng the second dielectric |ayer as a | ow
~dielectric constant material having a dielectric constant epsilon. wherein
«.epsilon.<=3.5. 3. The nethod of claim1 wherein the step of formng the
second 25 dielectric |layer conprises: foﬂﬁing the second dielectric |ayer

as a low dielectric constant material having a dielectric constant
.epsilon. wherein .epsilon.<=3.0. 4. The nethod of claim1 wherein the
step of form ng the second 30 dielectrigalpger conprises: formng the
second dielectric layer as a low dielectric constant material having a

dielectric constant .epsilon. wherein .epsilon.<=2.7. 5. The net hod of
claim 1 further W@y ¢ldimed isie step of: 35 formi ng a capping |ayer
overlying the conductive material. 6. The met hod of claim 1l wherein the

step of for@ing a cohductAwmethod forformimgm semicondactor device, thef mathaxd y

met al barrier ucshaprising thestbpstofve material. 40 7. The method of claimé6
wherein the step of ffonlnmgwﬂté\ejmgﬂﬁu(tayerg mat erial conprises: formng the
refractory netal barfoning édHtaét spEriidsin fisl dieleRttid lagsk; 2 group consisting
of : i tant um i 11 detoriirdhd 8B BN 'i’ﬁ%e"j Q?Jm.@& YBlectri feyerant al um
nitride, tggtal ﬁ%ﬂ;?éuﬁ i i:cr{qd@%c&rid a8 treBontadtdgRingdtd RSS! N
nitride. 8 orrpr|5|n

an
anti-reflective a aver ove e _seco
dielectric | ayecr: ?;'39 1! or Orpgan dﬂ%é%ﬁﬁ;%eﬂe ééf]ﬂ?‘?ﬁgc% Iﬁ%? @%’E?.OSPQE% ng an
anti-reflective ct 10 h the
first dielectric la angurp)con V?rﬁi‘aﬁﬁﬁaldﬁ"t FQ"WQ“WHE?'&QHPFI@@ dhep o

f or i ng coﬁxauctinwcﬁan@tutéenchesﬁ%&ma@pﬂdy@t«ye intarapmneat whegei ugtive

material wi t hi nmaherialin thecioterconsect tremches até sepanated: by thensecandidietsolic
mat eri al w thinlayee interconnects trenches has a first

2. The method of claim 1 wherein the step of forming the second
20 dielectric layer comprises:
forming the second dielectric layer as a low dielectric constant
material having a dielectric constant .epsilon. wherein .epsilon.<=3.5.

3. The method of claim 1 wherein the step of forming the second
25  dielectric layer comprises:
forming the second dielectric layer as a low dielectric constant
material having a dielectric constant .epsilon. wherein .epsilon.<=3.0.

4, The method of claim 1 wherein the step of forming the second
30 dielectric layer comprises:
forming the second dielectric layer as a low dielectric constant
material having a dielectric constant .epsilon. wherein .epsilon.<=2.7.

5. The method of claim 1 further comprising the step of:
35 forming a capping layer overlying the conductive material.

6. The method of claim 1 wherein the step of forming a
conductive material comprises:

forming an refractory metal barrier under the conductive material.

40

7. The method of claim 6 wherein the step of forming the
conductive material comprises:

forming the refractory metal barrier from a material selected from a
group consisting of: titanium nitride, titanium tungsten, titanium, tantalum,

N



wi dth; and form ng the conductive material within the contact air gaps
wherein the conductive material within the contact air gaps has a second
width, the second width being less than the first width. 20 11. The nethod
of claim1l wherein the step of formng a s?éond dielectric |layer conprises:
exposing the second dielectric layer to a t'8nperature el evated above room
tenperature to renove solvents fromthe second dielectric layer. 25 12.

The nethod of claim 11 wherein the step of form ng a second dielectric

| ayer conpri sestantaumi mitrideh éantelype siicom aitfidetitaniuowsitieomppitide; rend wingstangh
tenperature abonigiddO[err] C. at a selected rate wherein the selected rate
30 substantially avoids blistering of the contact air gap. 13. The

method of claim 1 wherei nTidigeihEdP oPElalrRMuRBePcoRPABIAgEi el ectric |ayer
conprises: gormng t 1 i ; \ i ¢ A '
envi ronrrent§35 Seé@f;’g@*ﬁ r%?égﬂﬁ%*lé@hfﬁe@agﬁﬁg{\ggl eZ‘ tregtgggg%ﬁﬁ%rfﬁf ttq?e
contact air gaps. . SCSEYR5d of claim 1 wherein the step of formng
the second dielectrig |layer conprises: .faqrm t he second dielectric | ayer
by a spin-on pr ocessg' 40 'ﬁl@gmﬁﬁﬁo fﬁ@ﬁ“gffygﬂ'%%'fﬁﬂﬁﬁgr |0 Lhe step of
formng the second diogMing an anigetective faating 4/ Ko apd g ggntact
di el ectri c18s awitpthe frsi diglecisic jaxar. 16 16. The nethod of claim 14
wherein the step of formng the second dielectric |ayer conprises: formng
the second di el ectrit0.l ayEhe awthod pf alaim 1pwheiein the step of forming tondudtive
met hod of cl ai nmbderidl éurther compisesy of forming the second dielectric |ayer
conprises: form ng tfppmikfthieccohdrichivé Meteli@wfithifthainiconAsctBatarichese
sel ected fagm awfBRIMN tSP BEhGIANE rRbteriBPhindAb fnteRinthetf tréncHbsHYs 4 Widty
i mdized polyi ”Wﬁﬁh; and

forming the conductive material within the contact air gaps wherein

the conductive material within the contact air gaps has a second width, the
second width being less than the first width.

20
11. The method of claim 1 wherein the step of forming a second
dielectric layer comprises:
exposing the second dielectric layer to a temperature elevated above
room temperature to remove solvents from the second dielectric layer.
25

12. The method of claim 11 wherein the step of forming a second
dielectric layer comprises:
ramping the temperature from a low temperature to a high
temperature above 100° C. at a selected rate wherein the selected rate
30  substantially avoids blistering of the contact air gap.

13. The method of claim 1 wherein the step of forming a second
dielectric layer comprises:
forming the second dielectric layer in a sub-atmospheric environment
35  whereby fewer molecules or atoms are trapped within the contact air gaps.

14. The method of claim 1 wherein the step of forming the second
dielectric layer comprises:
forming the second dielectric layer by a spin-on process.
40
15. The method of claim 14 wherein the step of forming the second
dielectric layer comprises:
forming the second dielectric as a PPQ spin-on polymer.
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10 18. An nethod for formng a sem conductor device, the nethod conprising
the steps of: formng a plurality of separated conductive nenbers wherein
~adj acent separated conductive nenbers in the plurality of separated 15
conductive nmenbers are separated by gaps; and formng a first dielectric
| ayer, via a spin-on process, overlying thé6plurality of separated
conductive nenbers whereby at | east one of the gaps is bridged by the first
dielectric layer to format |east one air region, wherein the at |east one
air region has a di el@®ct rite gwthedat clpis d4wharein thestep pbformingthsyes
i sol ati on bet wesacond dielestrict laypersegraprisasd conducti ve nenbers in the
plurality of separ atfednirmgitiecicceond wistbelrie layerrasi anspineorf polyimideel ectric
| ayer is selected froma group consisting of: a spin-on polyimde nmaterial,
a PPQ spin-gn pol yne{z, anth&nlgMed bbtlairs 1akiRstel 9@ g OPIgMAiRg Mt | ng of

poly(am c) aci ds&§QindtdiSidcfiizd Ombiidel: zed polyi mde.” 25 19. ~The net hod
of claim 18 wherein ﬁ?ﬁw%@@a e 1S e BB EAER |5
o & .

formng the fir ' elr. - [ .30
20. Tﬁe met hodﬁéﬁn.dég % @ée fnb&@a@ paaciq@ﬁl g&ﬂiﬁ ﬁédg W (ng'p[%ael ectric
| ayer conprjsesPOMMEE) ing the first dielectric |ayer using an anneal
process w 1@in the tenperature range of 100[err] C to 250[err] C. after
formati on of the firt8. djAnaathed ferfpeningsssemicongyetargdeniss. Bie veled 18
further conpri s¢orgprisiogthegteps ofeast a portion of the plurality of
separ at ed conduct i veformingea pluralityof isaparaded oppductivetremberswherginuct ure. 40
22. The net hodadjhcenisepatéteticandeactiveomamtzars §n theeplerality of separatachg a
second di eff§ct r gohdur¥ioe neembets @emigpardtet bydjapsraatat ed conductive nmenbers
wherein the first di Rnefid afirdtlidlectrie lAyrNE L3ihlon fockss, GRINING the
di el ectric |ayeprdlity of segardted coritficivé MsmBérsikRérdby 4t idHst BRE TS gapsnd
the step of: s pridged by the first dielectric layer to form at least one air region, wherein
the at least one air region has a dielectric constant less than 2.0 and
20 improves isolation between at least two separated conductive members in
the plurality of separated conductive members wherein the first dielectric
layer is selected from a group consisting of: a spin-on polyimide material, a
PPQ spin-on polymer, and a material selected from a group consisting of
poly(amic) acid solution and fully imidized polyimide.
25
19. The method of claim 18 wherein the step of forming a first
dielectric layer comprises:
forming the first dielectric layer in a sub-atmospheric environment.

30 20. The method of claim 18 wherein the step of forming a first
dielectric layer comprises:
annealing the first dielectric layer using an anneal process within the
temperature range of 100° C. to 250° C. after formation of the first dielectric
layer.
35
21. The method of claim 18 further comprising:
forming at least a portion of the plurality of separated conductive
members as an inlaid copper interconnect structure.

40 22. The method of claim 18 further comprising the step of:
forming a second dielectric layer over the plurality of separated
conductive members wherein the first dielectric layer is formed overlying the
second dielectric layer.

45

g



etching the second dielectric layer to formsidewall spacers laterally

adj acent the plurality of separated conductive nenbers. 5 24. The
*nmethod of claim 18 wherein the step of forming a first dielectric |ayer
conprises: formng the first dielectric Iat/.Fr such that the first
dielectric layer fills other gaps between the plurality of separated

conductive nenbers while not filling in the at |east one air region since
the other gaps have widths larger 10 than a width of the at |east one air
region. 25. The met23ed dhegngthadief glaim 82 fu naprising theysiepPfa second

dielectric |ayer ovetthingghe secdnd dielatirid layer tocformyaidewalbspacers lategdly The
met hod of cl ai radpacent thé pluraldynof sepamtedtamdudtive myemberssecond di el ectric
| ayer so that the conposite |ayer conprising the first and second

di el ectric g ayer maga,sulfyeanbtiild of daiANE8 whafein the BRIfIOfoling £fifétng an
i ntegrated cir iblbchiclsFdrtdin rising 20 the steps of: providing a

sem conductor subst rféitn%n ftﬁé lﬁQiléleE rlEﬁé é?"s‘?l'cﬁ(iﬁél‘tﬁ lfﬁé‘tedlel‘éﬁﬁ'fc' 4y&ilishe
seni conduct or %{R&Iéﬁﬂ ? %BH Héthve'fe H;PC#H?‘SJ thile not,

e e r%gn e .
dielectric B\?e‘?’ %ﬂq? regioR.onduct i ve menber, wherein the

nonconf or rral d| el ectric lLayer de 0S| ted usi ng plasm enhanced cheni cal
vapor deposition andSor Hiheemgﬂw claimy 18 dyither eomppRsitg:at | east two of the
conductive menbers ifarming spsesand dlgle&tncslayer owatlying thedirabdiplactijc layer.seal ed
voi d region spanning at |east 50 percent of the first distance X; and

form ng a t@cond di é@ect Mhe mettvyd oft digins 25 dunthel cdneerising: | ayer overlying
the seal ed void regigkn ﬂgﬂ%mrﬂléléﬁﬁic ley&r r-that the ediepositdlayer

28. The net hocbdp,f, ﬁdl t'ﬁe2 t BA8's8kBnd Giéléétﬁ@l@%rﬁ%’sédbé?&lﬂ&l planar

nonconf or nal dlelectrlc | ayer, the sealed voidregion is furt
characterized as sp in r t .
b A LU Sl
nonconf or & % la er thed%§?|6d Vﬁld region is further
characterized as sp €f the first djstapce.

The nethod of claim 95“' @t iglegtric jayer overing the semicondugion sy PH?-W&I

dielectric |ayer, tHemaing apluslity of eondictive membaes ovatlyingtherfirstdielgotric 55

spanni ng aﬁs | ed&a,y?rs;wh;éelaéhe piralityf iconductivesmambers are separated by a first
istance

depositing a nonconformal dielectric layer overlying the plurality of
conductive member, wherein the nonconformal dielectric layer is deposited
using plasma enhanced chemical vapor deposition and forms a sealed void
region between at least two of the conductive members in the plurality of

30 conductive members, the sealed void region spanning at least 50 percent of

the first distance X; and

forming a second dielectric layer, the second dielectric layer overlying
the sealed void region and the nonconformal dielectric layer.

35 28. The method of claim 27, wherein the step of depositing the
nonconformal dielectric layer, the sealed void region is further characterized
as spanning at least 60 percent of the first distance.

29. The method of claim 28, wherein the step of depositing the
40  nonconformal dielectric layer, the sealed void region is further characterized
as spanning at least 70 percent of the first distance.

30. The method of claim 29, wherein the step of depositing the

nonconformal dielectric layer, the sealed void region is further characterized
45  as spanning at least 80 percent of the first distance.
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18 31. The nethod of claim 30, wherein the step of depositing the
-nonconformal dielectric |ayer, the sealed void region is further
* characterized as spanning at | east 90 percent of the first distance. 5 32.
The met hod of claim 31, wherein the step o; deposi ting the nonconf or nal
dielectric layer is further characterized % depositing the nonconf or nmal
dielectric layer using silane as a source gas. 10 33. An nethod for
form ng a sem conductor device, the nmethod conprising the steps of: formng
a plurality of separated _conductive nmenbers wherein adjacent separated
conduct i ve menbers 3.t helhs methad 9f daims3Bawhersin thenelgpiaf vepesitibetie ar e
separ at ed by gamnconformal dielegtie tayes, theseatedivelitd gegionns furthgrehamalerized
plurality of segsspareingahlibast 90 penmnbef the fist Histanaehe second diel ectric

| ayer to fa@ m sidewal |l spacers |laterally adjacent the plurality of

separat ed conducti vezarenbesmetitl 60dIaNE1 awhérei e Step@fidepobRingitheVvi a a
Spi N- 0N pr oces shorRAtdidl GidIBarid Yayer I RRHEr @hatREdrzed AUy e

lurality of s : one ot the gaps
!Os bri dggd by ?@@ﬁf@ﬂ%gﬂlﬁaﬁ%g{_%ﬁ%%géu#%a t one air regigoﬁ,

wherein t at | east,pne air. Ledi has. a .dj ' tfang | than 2.0
and i nprov I sol at i.%ﬁ é?ﬂvgber‘ﬁ 1 Pq@é%@ﬁ'"g\&é@bﬁ%ﬁl‘é‘a? @gilégthe\)ﬁaﬁfwi;er sin
the plurality cﬁ”@@&,{?gﬁﬁs FRQict i ve 25 mené)er_s. .
forming a plurality of separated conductive members wherein
adjacent separated conductive members in the plurality of separated
conductive members are separated by gaps;
- 15 forming a second dielectric layer over the plurality of separated
conductive members;
etching the second dielectric layer to form sidewall spacers laterally
adjacent the plurality of separated conductive members; and
forming a first dielectric layer, via a spin-on process, overlying the
20 second dielectric layer and the plurality of separated conductive member
whereby at least one of the gaps is bridged by the first dielectric layer to
form at least one air region, wherein the at least one air region has a
dielectric constant less than 2.0 and improves isolation between at least two
separated conductive members in the plurality of separated conductive
25  members.
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