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Field of the Invention 5 The present invention rel ates general

to sem conduct or manuf acturing, gnd nore particularly, in formng | ow
dielectric constant regions between netallic nenbers to reduce
capacitive coupling and cross-tal k. 10
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manufacturing, and more particularly, in forming low dielectric

constant regions between metallic members to reduce capacitive
coupling and cross-talk.
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Background of the Invention

Modern integrated circuits contain thousands of semi-
conducting devices on a single chip and as the device density of a
15  given chip increases more layers of metallization are required to
inferconnect 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 B
20 capacitance must be minimized in order to meet the chip's speed and
performance requirements. Traditionally, the inter-level dielectrics
used to isolate metdallization 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
25 doped silicon dioxide layers such as borophosphosilicate glass (BPSG),
phosphosilicate glass (PSG), and plasma and chemical vapor
deposited tetraethylorthosilicate based {TEOS) oxides have been
used as dielectric layers in these multi-metallization structures. The
semiconductor industry's continuing demand for integrated circuits
30 with ever increasing device densities and operating speeds requires
new dielectric materials having low dielectric constants in order to
reduce cross-talk, capdacitive coupling, and resulting speed
degradation.
However, many of the low dielectric constant materials which
35 are used to form inter-level and inter-metal dielectric layers are
difficult to work with-because of their poor mechanical strength. in



performance requirenents. Traditionally, the inter-level dielectrics

used to isolate netallization lines within a sane |evel and

netallization lines in two different |evels have been performed using
materials with high dielectric constan2s. For exanple, undoped and 25
doped silicon dioxide |ayers such as borophosphosilicate gl ass (BPSG,
phosphosilicate glass (PSG, and plasnma and chem cal vapor deposi ted
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processi ng t erpesdiedidts for a method for forming an interconnect structure with a
dielectric layer having a low dielectric constant whereby mechanical
10 strength disadvantages are reduced, and thermal dissipation is
improved.

Brief Description of the Drawings

15 FIGs. 1-6 illustrate, in cross-sectional diagrams, process steps for
making an interconnect structure in accordance with one
embodiment of the invention.

FIGs. 7-10 illustrate, in cross-sectional diagrams, process steps
for making an interconnect structure in accordance with an

20 alternative of embodiment of the invention.

FIGs. 11-15 illustrate, in cross-sectional diagrams, process steps
for making an interconnect structure in accordance with yet another
alternative embodiment of the invention.

FIG. 16 illusirates, in a cross-sectional diagram, an interconnect

25  structure wherein air gaps are formed by a material deposited via a

' non-conformal deposition process in accordance with one
embodiment of the invention.

It will be appreciated that for simplicity and clarity of
30 illustration, elements illustrated in the FIGURES have not necessarily
been drawn to scale. For example, the dimensions of some of the
elements are exaggerated relative to other elements for clarity.
Further, where considered appropriate, reference numerals have
been repeated among the FIGURES to indicate cormresponding or
35 analogous elements.



limtations, i.e., they cannot be exposed to thermal processing over a

certain tenperature once fornmed on an integrated circuit. In addi tion,
many of these materials also provide poor thermal 5 conductivity.
Therefore, heat generated during highdfrequency operation cannot be
effectively dissipated fromthe integrated circuit whereby circuit
reliability becones a problem Accordingly, a need exists for a nethod
for form ng an interconnect structure mnth a dielectric layer having a
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one b oI CE ohBfart ¥ $8Hh&% predominantly between conductive
interconnects and not substantially over the conductive
interconnects. The low-K dielectric material is formed in this manner
after a sacrificial higher-K dielectric layer between the interconnects
15 has been removed to provide areas between conductive members
which can be filled low-K dielectric material whereby low-K dielectric
material over the conductive members is reduced or eliminated. This
select placement of low-K material to between conductive regions
instead of overlying or underlying conductive member improves
20 thermal dissipation and mechanical strength while presérving the
advantage of improved isolation associated with the low-K material.
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
25 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 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
30 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 second dielectric is positioned between conductive regions
where isolation benefits are achieved while thermal and mechanical
35 properties are improved.

c%th di sadvant ages are



It wiil be appreciated that for sinplicity and clarity of 30 illustration,

elenments illustrated in the FI GURES have not necessarily been drawn
to scale. For exanple, the dinmensions of sone of the el enents are

exaggerated relative to other elenents4for clarity. Further, where
consi dered appropriate, reference nunerals have been repeated anong

the FIGURES to indicate correspopdi ng or 35 anal ogous el enents.
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interconnect layer. Depending upon the atomic gas content of the

air gaps and atmospheric pressure of formation, the air gaps will

approach a dielectric constant e=1 which is the optimal dielectric

constant for reduction of cross-talk and adverse capacitive coupling

10 in polysilicon and metal interconnects.

In yet another embodiment of the invention, a non-conformal
dielectric layer is formed overlying adjacent conductive
interconnect lines such that a void/air region is formed between
closely-spaced conductive interconnect lines within the same

15  conductive inter-connect level. A second dielectric layer is then
formed overlying the non-conformal dielectric layer and planarized to
form a completed inter-level dielectric. The second dielectric layer
and the non-conformal conductive layer are then patterned to form a
contact or via opening which is then filled with conductive material

20  to form a conductive interconnect. The void region between the two
adjacent conductive interconnect lines reduces cross-
talk/capacitance between the two conductive interconnect lines so
that circuit speed is improved and logical cross-talk errors are
avoided.

25 The embodiments of the present invention can be further
understood with reference to FIGs. 1-16.

FiIGs. 1-6 illustrate, in cross-sectional form, process steps for
making an interconnect structure in accordance with a first
embodiment of the invention. Shown in FIG. 1 is a portion 10 of an

30 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 patterned using conventional lithographic and etching
techniques. In a preferred embodiment, first dielectric layer 12, etch

35 stop layer 16, and second dielectric layer 18 are simultaneously
patterned and etched using a plasma etch chemistry comprising a



10 ‘enbodi mrent of the invention, the dielectric |layer having a | ow
dielectric constant is forned predom nantly between conductive

i nterconnects and not substantially over the conductive i nt erconnects.
The lowK dielectric material is forngd in this manner after a
sacrificial higher-K dielectric |ayer between the interconnects 15 has
been renoved to provi de areas between conductive nenbers whi ch can be
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be repﬁaced with amorphous siﬁcon, epﬁ%xnal\y grown silicon, or
15 refractory silicided silicon-containing layers.
in one embodiment, first dielectric layer 12 and second
dielectric layer 18 are formed using the same material. For example,
first dielectric layer 12 and second dielectric layer 18 may be a layer .
of borophosphosilicate glass (BPSG), layers of plasma _
20 tetraethylorthosilicate (TEOS), phosphosilicate glass (PSG) layers,
silicon dioxide, nitride layers, fluorinated oxide layers, or like dielectric
materials. In another form, the dielectric layer 18 may be made of a
different material from layer 12. First dielectric layer 12, second
dielectric layer 18 are formed using conventional plasma deposition
25  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
30 layer of 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.
35



In ah alternative enbodi nent of the invention, void/air regions are .
formed between adj acent conductive netal interconnect |ines by
spinning on a polyneric resin having a stiff polyner backbone. This

stiff backbone material forns air regigons between closely spaced 5 net al
conductive nenbers wthin the sane conductive I nt erconnect | ayer.
Dependi ng upon the atom ¢ gas content of the air gaps and atnospheric
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defines an interconnect region 20 within second dielectric layer 18. 1t
is important to note that dual in-laid metal processing can be

10  performed in other similar ways than that illustrated in FIGs. 1-2. FIGs.
1-2 are intended to be representative of any method for forming dual
in-laid structures having contact areas and interconnect trenches.

In FIG. 3, a conductive layer of material is then deposited within
contact portion 14 and interconnect portion 20. This conductive

15 layer of material is subsequently planarized by CMP and/or efch
processing to form conductive interconnects 21. In one embodiment,
conductive interconnects 21 are formed by first depositing a thin
barrier layer within contact portion 14 and interconnect portion 20
followed by a thicker conductive layer which more completely fills

20  conductive portion 14 and interconnect portion 20. It should be
appreciated that interconnect 21 may be formed using conventional
chemical mechanical polishing (CMP) techniques, resist etch back
(REB) techniques, and/or timed plasma etch processing. Any layer or
composite layer comprising titanium nitride, titanium tungsten,

25  fitanium, tantalum, tantalum nitride, tantalum silicon nitride, titanium
silicon nitride, tungsten nitride or other like material may be used as
barier layers for the 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

30 to form interconnect 21 over the barmier layer(s). Moreover,
conductive interconnect 21 may be formed using conventional
chemical vapor deposition (CVD) techniques, electrode plating
techniques, sputtering techniques, and/or selective deposition
techniques.

35



and t-he non-conformal conductive |ayer are then patterned to forma
contact or via opening which is then filled wth conductive material 20 to
forma conductive interconnect. The void region between the two

adj acent conductive interconnect |ineg reduces cross- t al k/ capaci t ance
bet ween the two conductive interconnect |ines so that circuit speed is
i nproved and | ogical cross-talk errors are avoi ded. 25 The
enbodi ments of t hanMEs ANthé MEARtINITY pRIMIGAs bEsEBBNHd dicledititeiRie?ad Wi th

Cr 055 Sect | oriPIaTEReh forfs sacuficial slelesthic Iaver pentishsh 8 sl Sstively
structure in removediceexpobe pdrtions of etchestopdayent 6oflt siheuichibent i on.
conpri sing a PPLECRIBRHdH It ebhoftind homehs Sraiecic bver I8 IV B8,
second di 2l edierhevegyesing g:onvemiaatiplasma and/or \Mebleéching:?e@miqum, etch
stop |ayer 161{1. ShE SRBRIMINTER 18 ferhalrfi§ pdfions of éi(e?edli‘lfﬁtct ﬁg@‘?q g'§td1d
conventional [ithographic and etching. . techni ques. [n a preferred
enbodi nent, fiaBEVECYERE W ?EﬁFiHFPQ'UTé‘P@h @berng?wslmy@rremglraﬂg second
di el ectric | ageridis 6f digleatid RIVSIVEE thay be retabveadngsngtiesicrpedetis ng a
plasma etch CBFongzesstsrLyseCé) 18 detindinterconnects 21.

10 In FIG. 5, a third dielectric layer 22 having a low dielectric
constant e is then formed over conductive interconnects 21.

Adequate low-K dielectrics for use herein are such that e £ 3.5. Even
more reduction in cross-talk and capacitive coupling will result when
a low-K dielectric having e < 3.0 is ufilized. Preferably, from a

15  capacitive-reduction standpoint, materials with e < 2.7 are optimal as
inter-level dielectrics. Third dielectric layer 22 maybe formed using
conventional spin-on techniques or chemical vapor deposition
techniques. Spin-on polymers or spin on glasses (SOGs) which are best
used for the layer 22 are hydrogen silsesquioxane (HSQ),

20  benzocyclobutene (BCB), polyimide, and polyarylether (PAE). For
example, in one embodiment, dielectric layer 22 has a dielectric
constant of approximately e = 3.0 and is a spin-on glass material such
as H3Q.. Alternatively, dielectric layer 22 may be a thermal setting
resin such as BCB which has a dielectric constant of approximately e =

25  2.6. Alternatively, dielectric layer 22 may be a polyaryl ether such as
PAE or PAE2 having a dielectric constant of approximately e = 2.6. i is
important to note that any dielectric having e £ 3.5 can be utilized to
improve capacitance and cross-talk of TEOS or silicon dioxide which
has a dielectric constant within the range of 3.9 to 4.3. Layer 22 may

30 be an organic spin-on dielectric or organic dielectric layer formed by
a CVD technique.

In FIG. é, 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

35 portion 20 as illustrated in FIG. é. In a prefered embodiment,

dielectric layer 22 is planarized using conventional plasma etching



fluorinated etch species. For exanple, the layers 12, 16, and 18 may
be patterned in a plasma environment which is generated using etch
gases such as CHF[err], CF[err], Cerr]F[err] and/or the like. It is

i mportant to note that this etch Process defines a contact opening 14
within first 5 dielectric layer 12 which allows a netallic conductive
| ayer to be subsequently deposited within the contact opening of FIG
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is used as a conductive interconnect in FIG. 6, then a capping/barrier

15 layer may be needed on top of the structure of FIG. 6 fo isolate the
copper from overlying materials. -

FIG. 7-10 illustrate, in cross-sectional form, process steps for
making an interconnect structure in accordance with an alternative
embodiment of the invention. Shown in FIG. 7 is a portion 30 of an

20  integrated circuit structure comprising an etch stop layer 32, a first
dielectric layer 34, and a photoresist layer 36. Using conventional
photolithographic patterning and etch techniques, etch stop layer 32
and first dielectric layer 34 are etched to form a contact portion 38
within first dielectric layer 34 and to expose an underlying conductive

25 region (not illustrated in FIG. 7) such as a metal interconnect,
polysilicon, or doped silicon region. Layer 32 is formed using
conventional plasma or chemical vapor deposition techniques and
may be a layer of silicon nitride, silicon rich-silicon nitride or aluminum
nitride and functions as an etch stop layer (ESL) and/or an anti-

30 reflective coating (ARC) layer. First dielectric layer 34 is also formed
using conventional chemical vapor deposition (CVD) techniques such
as plasma deposition, low pressure chemical vapor deposition
(LPCVD) and the like and may be a layer of BPSG, PSG, TEOS,

fluorinated oxide, or like dielectric materials or composite layers.
35



25 ~processes, |ow pressure chem cal vapor position (LPCVD) processes,

or the like. In one enbodinent, etch stop layer 16 is a | ayer of plasm
enhanced silicon nitride when the |ayers 12 and 18 are oxi de.
Alternatively, etch stop layer 16, whgch can also function as an anti -
reflective coating (ARC) used in |ithographic processing, may be a 30

| ayer of silicon rich silicon nitride, alumnumnitride, or any dielectric
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second di el echWIQf 40ayler a reefered @rebogimeanti dieleetria laver 40 cs 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
10 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
dielectric constant of e = 2.6. The polyimide may be formed from
either a poly{amic) acid solution or a fully imidized polyimide in FIG. 8.
15 In general, the spin-on material used in FIG. 8 to make the layer 40 can
be any material which has a substantially stiff polymer backbone so
that the air regions 38 are at least partially formed in FIG. 8.
To avoid blistering of the air gap 38 of FIG. 8, an anneal step of
the layer 40 should be performed in a thermal ramp manner. The ramp
20  should start at less than 100°C and arrive, after a selected
temperature ramp time period, at roughly 100°C to 300°C for solvent-
removal annealing of the layer 40. A slower ramp thermal process will
be more likely to avoid any blistering of the air gap 38 than a fast
exposure to high temperatures. Also, a sub-atmospheric spin-on
25  process can be used to create air gaps 38 with reduced pressure or
fewer trapped molecules/atoms. This sub-atmospheric process can
reduce blistering effects by eliminating a high density of atoms within
the gap 38.
In FIG. 9, conventional photolithographic patterning and
30 etching techniques are then used to pattern and etch reflective layer
42 and dielectric layer 40 to define interconnect portion 41 within
dielectric layers and to re-expose contact portion 38 which are the
air gaps 38 in FIG. 8. It is important to note that additional etching is
not required to form a contact opening to an underlying metal
35 interconnect or doped silicon region since the air gaps 38 were
isolated in FIG. 8. In one embodiment, dielectric layer 40 is patterned



stop-layer 16 using an etch chem stry environnent. This etch process
defines an interconnect region 20 within second dielectric |layer 18. It
is inportant to note that dual in-laid nmetal processing can be 10
performed in other simlar ways than that illustrated in FIGs. 1-2. FIGs.
1-2 are intended to be representative of any nmethod for form ng dual
In-laid structures having contact areas and interconnect trenches.
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15 . 46 or antireflective coating (ARC) layer 46 is then formed overlying
dielectric 40 and conductive interconnects 48. It should be
appreciated that the process steps illustrated in FIGs. 7-10 may then
be repeated in order to form an additional set of conductive
interconnects overlying conductive interconnects 48 and thus,

20 integrated circuits having mulliple layers of interconnects can be
formed with the present invention. Since the high-K or high dielectric
constant material 40 is: (1) located only between regions 48 where
isolation advantages result; and (2} not located over the entire wafer
to degrade mechanical stability and thermal dissipation, the final

25  structure of FIG. 10 has advantages over the prior art.

FIGs. 11-15 illustrate cross-sectional process steps for making an
interconnect structure in accordance with an alternative
embodiment of the invention. Shown in FIG. 11 is a portion 50 of an
integrated circuit structure comprising a first dielectric layer 52 and a

30 piluradlity of conductive interconnects 54. First, dielectric layer 52 is
formed using conventional plasma or chemical vapor deposition
(CVD) techniques and may be a layer of BPSG, PSG, TEOS, fiuorinated
silicon oxide, or the like. The plurality of conductive interconnects 54
are also formed using conventional photolithographic patterning and

35 etching techniques. The pluradlity of conductor interconnects 54 may



t echni ques, sputtering techni ques, and/or sel ective deposition

techni ques. 35 7 I n
FIG 4, the remaining portions of second dielectric |ayer 18 (referred
to as sacrificial dielectric |ayer pbktions) are selectively renmoved
to expose portions of etch stop layer 16. It should be appreci at ed

that the remaining portions of dielectric layer 18 may be 5 renmoved using

conventi onal kg fommednubing deedsilitiorgdicddie) metals, metallsaliciieseobtie ment
t he remai ni ngggort ions of dielectric |ayer 18 are renoved using

buffered HF ution. Alternatively, the remaining portions of

di el ectric |ayer 18 Fi&Ey12eanapieualsiastopcayembéds tien formedocess used to
define inter : 2%, 4 : Ta|Ng ' We | ayer 22
having a | ow gi emé. rﬂl%’ét dé@edcngngyjaégtﬁegpgs ?\ﬁgrrll%p grﬁ‘eé;bgé/@h;cgﬁwct ive

i nt er conrfect £gnductive injasgoaneatewdk Thepptiond etebrstapdawer §6rs are such

that e [err] {8rmped¥silg convERfiGNEEPREIhE O IBWE pRSSute ICheREdlarRAsHI | ve
coupling wi Il resul.t vﬁen . a Idovv- K di eI.Fctrldcio)k(}%\él I’slﬂ <e)n[r?i5rfc} 3.0 is
utilized. Pr&eRas ign echiniques and may besilicon . Siic e,
silicon oxynitride, or aluminum nitride. Silicon dioxide is preferred for
layer 56 and layer 56 may be etched to form sidewall spacers in FIG.

10 12. The layer 56 is also used to compensate for contact misalignment
o 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
metdllic depositions process is used, the electrical short circuiting
may result. To avoid this electrical short circuit problem, the spacers

15 orlayer 56 provides the additional benefit of compensating for
photolithographic contact alignment so that the air gaps are either
not exposed or not substantially exposed resulting is metal deposition
problems.

B In FIG. 13,7a second dielectric layer 58 having a low dielectric

20  constant is formed overlying etch stop layer 56 to form air gaps 60
between portions of etch stop layer 56 and second dielectric layer 58.
More specifically, as shown in FIG. 13, air gap 60 are formed between
conductive interconnects 54 that are closely spaced to one another
where "closely-spaced” is a function of the stiffness of the polymer

25  backbone of the spin on resin used for layer 58. In addition, air gap 60
may also be formed along the sidewalls of a given conductive
interconnect 54, as also illustrates in FIG. 12, thereby forming air
spacers. In one embodiment, dielectric 58 is PPQ having a dielectric
constant of less than or equal to 3.5. After layer 58 is spun on to etch

30 stop layer 56, dielectric layer 58 is annedled at a temperature ranging
from 100-250°C for approximately 30 minutes. Alternatively, dielectric
layer 58 may be a pre-imidized polyimide having a dielectric constant
less than or equal to 3.0. Thermal ramp processing or sub-atmospheric
deposition may be used to avoid or at least reduce any blistering of

35  the air gaps 60 of FIG. 13.



15 “capacitive-reduction standpoint, materials with e [err] 2.7 are

opti mal as inter-level dielectrics. Third dielectric |ayer 22 naybe
formed using conventional spin-on techniques or chem cal vapor
deposi tion techni ques. Spin-on pt2yners or spin on glasses (SOGs)
whi ch are best ~used for the |layer 22 are hydrogen sil sesqui oxane

(HSQ, 20 benzocycl obut ene (BCB), polyimde, and pol yaryl ether (PAE). For
exanple, in one enhﬁcm@enm, adhitbedieleétricitie r%&umﬁeﬁ féfrﬁb@Féveﬂ ing

const ant of a oXi ma terl uc

as HSQ Al terIo §J. e'&Fé"%&‘FY@ééla&é?'eﬁg”%&} 2201%? "5%?8 i

r2 egi nAlsthh ats.wﬁve\hh;oh?hpmsmdlmﬂew pressore grierhicdl mmpde Eﬂonﬁ = 25

. 6. ernati,y . | . such 3as
PE or Pacz havogiates Bkl DB lovel TP RS, PYE P TROS B floBHEfedr

i nportant 5o rsiicon mxideny abrapesitei dietewiriog or liker dielecBickyeasts)utili zed to
TP ove. capact EaRGBNIBACK KR RplitidgionESha bate/riag Jggﬂﬁ'_cﬁ}?eé"ﬁlg?hen

has a dielectric constan € ran
be an organic léﬁﬁﬁh e foaneiig Qperings Qﬂ@aﬁ’ilrdgdll Qugh fhied Idé@@lc’"ﬁ@r'%@

S, iDL o clelchic 4o/ ol kol 1t kackds  sponstagtrtan, (
bor 1 on of | niat abrihserlying CondUgte itfercBipecd b o Svasss REBYIERS -t e
conducti veo i ntaligrmesttyigid enhantierned as previowsly aisedssed With réspeot to
preferred emadama. . a parier e %S hieh WhhetAwithirPNBhbARtL:-5hE%
conduchve fill mcn‘erlal 66 is then formed overlying the barrier layer
64. A portion of barrier layer 64 and conductive fill material 66 are
then selectively removed to form conductive vias 68 with via
15 openings. Barrier layer 64 may be a composite of titanium and
fitanium 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 techniques and
may be a layer of copper, tungsten, aluminum or a like conductor or
20 composite conductive layer.

In FIG. 15, a barrier layer 70 and a conductive material layer 72
are then formed overlying conductive vias 68. Barrier layer 70 and
conductive layer material 72 are then patterned using conventional
photolithographic and etching techniques to form conductive

25 interconnects 74. Barrier layer 70 is formed using conventional
techniques and may be a composite layer of titanium and titanium
nitride or a layer of tungsten nitride, tantalum nitride or the like.
Similarly, conductive layer material 72 is formed using conventional
deposition techniques and may be a layer of tungsten, aluminum,

30 copper, silver, gold, or the like.

FIG. 16 illustrates in cross-section an interconnect structure in
accordance with an alternative embodiment of the invention.
Shown in FIG. 16 is a portion 60 of an integrated circuit comprising a
first dielectric layer 62, a non-conformal dielectric layer 66, a plurality

35 of conductive interconnect 64 and a third dielectric layer 70. First
dielectric layer 62 is formed overlying a semiconductor substrate



t echni ques and/ or chenical nechanical polishing. As shown in FIG 6,
this planarization results in a fornmation of an interconnect structure
having a |l ow dielectric constant dielectric |ayer 22 (e [err] 3.5)

overlying anot her dielectric lal@r 12 and 16 having a higher
dielectric constant 5 (e > 3.5. In addition, layer 22 and/or top
portions of the conductive I nterconnects of FIG 6 nay be covered by

Apprbc at ad +hHg ERNVETHioril technidges. Nersk fibloctitt 1yt 52 7AYo Slayer

cgﬁst ant i rrprqgitc@ i‘Fi‘EY?’ %feég%r Reryer of fluoﬂggé‘ﬁgé”@‘gﬁagf th‘ﬁ@ée'bi%?een

?dj aceﬂt i Int ploaiing of comdoctive iftercennest limesl Ghere Ifofrhbms?siﬂge to the
act that la . ‘ e

(o5, top porgnrentidigyBabisifliBbranhic bigt SEAHE RtHAGEeE ThaCoitRufy

mechani cdl staflgondyciiveiinjaroonnenidines 64 may bel fosmee usingsdeped ncr eased

¢ Che int . ] ol .

[ ﬁ[ er anhgch#(ﬂyﬁf’??hé,ﬁﬂ{rhten#rﬁ, cap |%8'/ [Jnaertr,dlI E'#laﬁﬁog?aégwgg%gﬁeeded on

top of the stReidiigensngneetq slicidesrdhe ke copper from overlying

nmaterials. As showhGn FIG134] bt ksdistaiag of fhensIsfali g Ofi caduEfive
process steps 1fo

el o nat | Jaterconnect B ARaRE s BHERERT B G iralEsK  NenRartormgrs " "
portion B0 ofdietectic layeegibais ddeni focmed siveriying ¢he plpraldy of conductivet op
layer 32, a fihfe;rgpnneciqineése&i Ebéh tRUE L sBaled oy RUGLRA" &8 lsSorhfXE" 36

Usi ng conventi O
between at least two of the conductive interconnect lines within the

plurality of conductive interconnect lines é4. Seadled void regions 68
spans af least 60% of the first distance X which separates two
15 adjacent conductive interconnect lines 64. It should be appreciated
that non-conformal dielectric layer 66 may be deposited such that
sealed void region 48 spans 70%, 80%, or 90% of the first distance X. In
a preferred embodiment, non-conformal dielectric layer 66 is
- deposited using silane as a sourceé gas in a plasma enhanced
20 chemical vapor deposition (CVD). Alternatively, other source gases
which enhance non-conformal deposition may also be used. A third
dielectric layer 70 is then formed overlying non-conformal dielectric
layers 66 and planarized using conventional techniques. In one
embodiment, third dielectric layer 70 is planarized using conventional
25 chemical mechanical polishing (CMP) techniques. Alternatively, third
dielectric layer 70 may also be planarized using conventional plasma
etching fechniques. As shown in FIG. 14, the resulting interconnect
structure has void regions between close adjacent conductive
interconnect lines where improved isolation is usually needed. These
30 void regions have a dielectric constant of approximately 1.0 in a
preferred form and thus reduce RC time delays or cross-talk between
adjacent conductive interconnect lines 64 which are closely spaced.
Thus it is apparent that there has been provided, in accordance
with the present invention, several structures and methods which can
35 be used to reduce cross-talk and capacitive coupling in metallic
members overlying an integrated circuit substrate. Although the



phot ol i t hographi c patterning and etch techni ques, etch stop | ayer 32
and first dielectric layer 34 are etched to forma contact portion 38
within first dielectric |ayer 34 and to expose an underlying conductive 25

region (not illustrated in FIG 7) suph as a netal interconnect,
pol ysilicon, or doped silicon region. Layer 32 is forned using
conventional plasma or chem cal vapor deposition techni ques and may

it do and f GnstROn HIBLER, deicrten did IBlral6a i teféentie fb High
reflective codPERHi¢ g@o i ? iy §Bt H?a“@ ﬁ% i ﬂg@,in\{)qqa}iign Helimitaded
ulsi ng cgnvent itpﬁhbsﬁh%ﬂfrmive/embodhjneﬁ:ts.i mi@M@Medﬁnhhéquﬁ&NmucEPWD) ag
plrasnma deposi tl aon L OW, eSSUl. \VA . O N an
the |li ke and &E§°§é"€? T@éfeﬁloo#'ﬁ%égéﬂ%%%& V$E&°ﬂ??8&'t¢? H‘&?gﬁa\fvg oxi de, or
| i ke diel et ridepatting fromn dhe spirficnd scopgeoktheshvention. For example,
9 I r @Sd I I ric
| ayer 4o'%%§ﬁﬁ%ggmfé%ﬁgﬁﬁgégﬁ?ﬁit%%ﬁé?éﬁth%ﬁégﬁﬁﬁﬂ“§§@fﬁéﬂgﬁé§§?ic
| ayer 34 20 thailloyes 220 Fige 6 plugs 38 ppening sdhieh inslighies deeper
di el ectric |aygan that currently illustrated in FIG. 4. This deeper region can further
improve isolation between elements 20. Therefore, it is intended that
10 this invention encompass all variations and modifications as fall within

the scope of the appended claims.



40 and left unfilled (i.e., an air gap 38 is forned in FIG 8 fromthe 5
contact portion 38 of FIG 7). An anti-reflective coating (ARC) |ayer

42 which al so serves as a hard mask is then deposited over dielectric

| ayer 40. In a preferred enbodi nent,18li el ectric |ayer 40 has a
dielectric constant e of 3.0 or |ess, but can be any ma —at T i
[err] 3.5 to confer electrical isolation benefits betweg T'ﬂﬁjﬁﬁ%j& gQE[\?
conductive nmenbers. In one enbodi nent, clighstric |ayer}i40 is

pol yphenyl qui noxal i ne (PPQ and has a dielectric constant of e = 3.0.
Alternatively, dielectric layer 40 may be a | ayer of polyimde having a
dielectric coNptdig clidimnedi2. 6. The polyim de nmay be forned from

either a poly(amc) acid solution or a fully imdized polyimde in FIG 8.

S quetm—r—

15 In general, the spin-on material used in FIG 8 to make the |ayer 40
can He dny nshmnmethadifonidrasing g semiconicalaior sievice piie met kbone
SO that the al ' artially fornmed in FIG 8.

| il RACAN A tﬁb?ggéo#ééﬁgfp8 an anneal step of t he

To avoid blistering of the ,alr ga ),
| ayer 40 shoul d be perff@rm?éwmﬁrépmdmh%fﬁglﬁan 1 arseeendp 20 shoul d

start at |ess than 100[ err Jdorddctivé irggioldiirally sepeetfsd from friTfigtat ure

ranp time period, at roughl 180%Frr]c to 3(}{) err}C f.or, sol,vent -

renoval annealing of the | YelIVRATERIRR W ﬁﬁ" fh%f'ﬁﬂ@’b?é@g@g’% |

be nore g kely to avoi d anyxdnidisttive ngginnstdre sepagdpddBy tchgaipg f ast

exposure to high tenper ses. A = ri |1 rocess

can be used to create a@&”ﬁfi@sa %él%cgﬁ«:j%@ﬁ@%@@sg@éégpﬁ 85n§1"_’qrgrm§r

trapped nol ecul es/ atons. Tiwkergin- at sk iowerlying the disst @nd second educe

blistering effects by elim ' i ' ht R A : t he

gap 38. In FI G@éggﬂiggté%%\%fmgﬁggﬁpﬁgr aprmé:ﬂggt?é'rrsgi ng

and . portion which fills the gap; an

15 removing a top portion of the dielectric layer o expose a

top surface of at least-one of the first conductive
region or the second conductive region wherein the

first portion of the dielectric layer remains within the

odap. ~
20
2. The method of claim 1 wherein the step of forming a dielectric
layer comprises:
forming a dielectric layer from a material selected from a
group consisting of: HSQ, BCB, polyimide, and PAE.
25

3. The method of claim 1 wherein the step of forming a dielectric
layer comprises:
forming the dielectric layer having a dielectric
constant e whereine <2.7.
30 4. The method of claim 1 wherein the step of forming a first
conductive region and a second conductive region comprises:
forming the first conductive region having a low
conductive contact portion and an upper
conductive interconnect portion to form an in-laid
35 metal structure. [
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30 ‘etching techniques are then used to pattern and etch reflective |ayer
42 and dielectric layer 40 to define interconne 'gggﬂn
dielectric layers and to re-expose contact portijo ] et hie

air gaps 38 in FIG 8. It is inportang to note fhat_ l_.etching is
not required to forma contact opening to an underlying netal 35

I nterconnect or doped silicon region since the air gaps 38 were

o sy aSLW%E“WQ"?O‘%??%‘P‘ﬂW‘Ef“”"’?'&fﬁr{ﬁk‘*ﬁ‘éﬁ% ot ok 44 Used to
define the opening Wthﬁqmﬂ%ga&ﬁg'fﬁé&eaiﬂgc rg Jegaledindhe.geip

time that dielectric layer 4pefore fratatidh@taherdieledtrichioyes Hepdhgedat

the etch process used to patteﬁn ?lelectggq I%§ﬁ& ﬁ@Fglso 5

si mul t aneousl y renoves sone 9}9%3 NG LR 'bh%t gy H& 44 used to
define the opening within dielectric layer 40. In FIG 10, a
barrier | ayer (49 apdya1ARRMHG YhMfirld LRI IRbCR Hevice HEIEHER Wi thin
contact opening 38 and I nterconnect’ region . poftion 0 e
barrier |ayer 49 ashoraetesiseglicy thad ihe stemst@fii al are 10 then selectively

renoved to form COI’ldUCtfd—?nih@t@rfﬁgn@@[ééfrﬂ-ﬁldveﬂ:l G
forming contact openings in first dielectric layer;

10 forming a second dielectric layer overlying the first
dielectric layer wherein the second dielectric layer
bridges the contact openings to form contact air
gaps;

forming openings through the second dielectric layer o

15 expose the contact air gaps and form interconnect

frenches; and

forming conductive material within the contact air gaps
and the interconnect trenches to form a
conductive interconnect wherein conductive

20 material in the interconnect trenches are
separated by the second dielectric layer.

7. The method of claim é wherein the step of forming the second
dielectric layer comprises:
25 forming the second dielectric layer as a low dielectric
constant material having a dielectric constant e
whereine <£2.7.

8. The method of claim 7 wherein the step of forming the second

30 dielectric layer comprises:
forming the second dielectric layer as a spin-on
R R
35
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10. tn one enbodi ment, conductive interconnects_48 are_forned usi ng
conventional plasma etching techniques. Alterna iﬁ-ﬂé%’HEET C@Iﬂgﬁtt Ive
! e

i nterconnects 48 nmay be formed using conventi ong hani cal
pol i shing (CWP) techniques. An etch 8Fop | ayer 0 i-refl ective
coating (ARC) layer 46 is then forned overlying dielectric 40 and
conductive interconnects 48. It should be appreci ated that the process

steps illustrated AmBHGSd fér &My ahemicondlEor epacedine mefirsdto form
an additional set of co i nter cor}nects overlying conductive

naugct 1 v.e
i nt er connects 48 aqaaf%é,”s?g in; that dhe: t§P&iTcui t s having multiple |ayers
of interconnects can Herming d pluratitwof fepbriteceeeniduativenmembeps nce t he

betweon regi ons. 48 wher e Whereif SbREN TEESbRed Konductive maRABER Y
| ocated over the entire widherpluralitytof segparadedneenduictise meabbers greand

thermal dissipation, the f a t . of FIG 10 has advantages over
the prior art. égla ?erqb?q 'S%Ittfrﬁcslt rate cross-sectional process

steps for making an forming & HeheRileclic l@YSh ¥1¢ @ HRIVCPAANOESHt h an
alternative ~enbodi nedverlyindiehenyierdlitorof séparatedl Ebadutives a portion
50 of an I ntegrated cj r%t structure,rf]:or%n Si % 6 fi rst.dtl?el ec'arl C

| ayer 52 and a 30 plural i'T‘? e’édﬁ'aﬁ@k?\(/@ R YR é € GAPS [5; %‘E‘Qe
dielectrie layer 52 is by tHe first dielatjcdayer b ifomal aipleashone airheni cal
vapor deposition ( : ' PSG PSG
TEGCS, fluori nated sclY E@;&@Q&Q{eﬁﬁﬁggf‘%@y Ejz].ea?kzég[our?af]?td? of
conductive interconnects Slielectric eeastaind dessothest 2.3 oingl ropteves sakation

phot ol i t hogr aphi ¢ pat t er nigghvden &t leisF vk disdiitearesndliedivel Heriders Of.

conductor interconnects 5 . .
li}n qﬁé plurality of separated conductive members.

15
10. A method for forming an integrated circuit structure
characterised in that the steps of: |
providing a semiconductar substrate;
forming a first dielectric layer overlying the semiconductor
20 substrate; "
forming a plurality of conductive members overlying the
first dielectric layer, wherein the plurality of
conductive members are separated by a first distance
X
25 depositing a nonconformal dielectric layer overlying the
plurdlity 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
30 the conductive members in the plurality of 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 first
35 dielectric layer. D
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11 be fornmed using doped silicon dioxide, netals, nmetal salicides or
t he like. In FIG 12, an optional etch stop |ayer 56 is

t hen forned overlying first dielectric | aygt=2—and "-\tezltb:yT—'FFg} t he
plurality of 5 conductive interconndéts 54. IE m&srl&EmHAét&EE!‘st‘ap | ayer

56 is formed using conventional plasna or Jlow prRERWAGERheni gal vapor
deposi tion techniques and may be silicon dioxi d& Fecom nr tT1Jdg,
silicon oxynitride, or alumnumnitride. Silicon dioxide is preferred for

| ayer 56 and | ayer, e 10
1 “The’ 1 ayer 55 ANETEDR EOX MAIGRACTORING 24 L0 B c olvaralT

to the regions 54. |f thelNTER-LEMEIOINTEGERATED-CIRCUST STRUGKREed t o

contact openings as illustrated in FIG 14 and a highly confornal

metal lic depositions process is used, the electrical short circuiting

may result5 To avoid this el ectriAkstragioet the Qiseloswieobl em the spacers 15
or layer 56 provides the additional benefit of conpensating for

ot exposed or ot AduRamaniegt Syelen et et tiE Gy el on
probl ems. dielectric constant is formed within an integrated circuit. In one
embodiment of the invention, portions of a silicon dioxide layer (18)
10  lying adjacent to a conductive interconnect (21) are removed to
expose portions of a silicon nitride etch stop layer (16). A dielectric
layer (22) having a low dielectric constant is then formed overlying
the conductive interconnect (21) and the exposed portions of the
silicon nitride etch stop layer (16). A portion of the dielectric layer
15 (22) is then removed fo expose the top surface of the conductive
interconnect (21) to leave portions of the dielectric layer (22)
between adjacent conductive interconnects (21). The resulting
interconnect structure has reduced cross-talk between conductive
interconnects (21) while avoiding prior art disadvantages of reduced
20 thermal dissipation and increased mechanical stress.

FIG. 6 accompanies this absiract.
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In FI'G 13, a second dielectric |ayer 58 having a |ow dielectric 20
constant is fornmed overlying etch stop layer 56 to formair gaps 60

bet ween portions of etch stop |layer 56 and second dielectric |ayer 58.
More specifically, as shown in FIG 13, air gap 60 are forned between
conductive interconnects 54 that are closely spaced to one anot her
where "cl osel y-spaced” is a function of t stiffness of the polyner 25

backbone of the spin on resin used for | r 58. In addition, air gap 60
may al so be forgsd al ong the sidewalls of a given conductive

i nterconnect 54;Yasnalso illustrates in FIG 12, thereby formng air
spacers. |In one enbodi ngnt, i Q havijng a drgl ectric

er 58 is spufN on to etch 30
£6 e ranging
rnativefy, dielectric
Lcy const ant

constant of |ess than o .5
stop layer 56, dielectr{c lI8yer| 58 ig anng8l ed jat a t

| ayer 58 nay be a pre-i
| ess than or equal to 3
deposition may be used

ng or spheric
Lce any bl i ing of 35
12

18 18 18
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12 12 12
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In FIG 14, a third dielectric layer 62 is then formed overlying

second dielectric layer 58. Dielectric layer 62 may be formed using
conventional plasma or | ow pressure chem cal vapor deposition

techni ques and may be a | ayer of BPSG PSG TECS, silane, fluorinated 5
silicon oxide, a conposite dielectric, or like dielectric |ayer(s).
Conventi onal photolithographic and pattegp ng techni ques are then used
to formvia opfaings ext endi ng t hroygh t4*rd dielectqic | ayer 62,

second dielectr|5\kpyer 58, and & ch”stop |ayer 96’?6 expose a portion

of an underlying conductive j nterconnect 54.{ Layer 56 provides ms- 10

al i gnnent yi eld enhancenent previously dipcussed wfh respect to

FIG 12. A barrier layer 64 fis t&8n fof ned t hi €0vi a bpeni ngs and a
conductive fill material 66 then fofnmed ojperlying the barrier |ayer

64 ro—fiH —katerial 66 are

then sel ectively renovgd ! As 68 | ﬂg 15 openi ngs.
site m and Itaniumnnitride

or a layer of . tantalum\nitride, a |aler of tunpgsten ni yfride or the
| i ke as previously disgus rgin. Con&gftiva fill terial 66 is
formed using conventi opal i n{ t eckd quep a4 lghay be a | ayer of

copper, tungsten, alu | i ke] conduct orfor 20 conpgkite conductive
| ayer. . In ekl Ol | uctive materi al
| ayer 72 are then forned overlying conductive vias 68. Barrier |ayer
70 and conductive | ayer ] 724are then patterned using

conventi onal photolithnggggigsgnqggtching techni ques to form
conductive 25 interconnects 74. Barrier layer 70 is formed using

conventi onal t echni ques and be a conposi er of titanium and
titanium 10 q Pﬁfl P ;EZBy

Z _ |
16 |

16




nitride or a layer of tungsten nitride, tantalumnitride or the Iike.
Simlarly, conductive |ayer material 72 is fornmed using conventi onal
deposition techniques and may be a | ayer of tungsten, alum num 30

copper, silver, gold, or the I|ike. FIG 16 illustrates in
Cross-section an interconnect structure in accordance with an
alternative enbodi nent of the |nvent|0n3/5 Shown in FIG 16 Is a

portion 60 of i_nt egr ated a dielectric

| ayer 62, a non-caﬁ(or al diel gctricllayer 66, |a plu of
conductive interconnect{ 643¢andja thifd di3g ectfic | ay I rst
dielectric layer 62 is Yormed ¢verlying a sen1@onducﬁ rate

13 usi ng convent FoMNa dchni g . dlele( er 62 may be a
| ayer of BPSG a |lay 4of fl i de, or the

are forned
ues. The

med usi ng doped
ite of

n I
tchin

i ke. The pl ural ity
usi ng conventi onal
plurality 5 of conduct
pol ysilicon, alum num tung$en, netal si

polysilicon and netal sili ciFIg I7e.
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As shown in FIG 16, at least two of the plurality of conductive
lL.nterconnect lines 64 are separated by a distance X. Non-confornmal 10
dielectric layer 66 is then formed overlying the plurality of conductive

i nterconnect |ines 64 such that a sealed void region 68 is forned

between at | east two of the conductive interconnect lines within the
plurality of conductive interconnect 64. Seal ed void regions 68
spans at 50 60% of the first dIStaanﬂé whi ch separates two 15 adj acent

conductive interconnect lines 64. It should be appreciated t hat

non- conf or mal |d; tric | 6 may der osited such (7’ al ed
voi d regi on 6% & 70% [68%%/ gr 90%y0i first distd )ﬁi- //ﬁ a
pr ef er r ed/empOar EMT, —TON- CONTOT matr— O € ectrc rayer oo _ aeposTt
usi ng silfane as a source gas in a plasma enhanced 20 chen1ca| vapor
deposi ti (CVD). Alternatively, other source gases whi ch efpance

non- conf o | deposit] al so be . Athird =dielectric la 70
is then forne riying non- rmal  di el eCT™T | ayers _

pl anari zed using conventional _techniques. In one enbodi nent, third
dielectric layer 70 is pla ' Si conventional 25 chem cal

nmechani cal _polishing (CMP) "t &Ch (1S ternatively, third

dielectri50ka¥§r 70 may al so be pl anarized using conventional plasm
etching technigues. As shown in FIG 16, the resul ting interconnect

structure hay pges dgi off n cligses cent cond
interconnectq Zﬁ;gzakere s 4duda isclé?g¢ [ 561y agg%g;;ggg%%a 30
voi d regi Bie7 AT Bdifi e Aonsra 0 —

preferred formand thus reduce RC time delays or cross-tal k between )

|~"—

adj acent Yconductive interconnect lines 64 which are closely spac
Thus it i § apparent that there has been provided, in accordance __
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with-the present invention, several structures and nethods which can 35
bhe used to reduce cross-tal k and capacitive coupling in nmetallic
menbers overlying an integrated circuit substrate. Al though the

14 i nvention has been described and illustrated with reference to
t he specific enbodinent, it is not intended that the invention be

limted to these illustrative enbodkﬂgnts. Those skilled in the art
will recogni ze that nodifications afdvariations nay be made with 5

departing 500&3Fhe spirit and scope of the invention. For exanple,

| ayer 16 and 1A of FIG 478ar be trenched after formation M~ghe |ayer

20 so that layer 22 of FIG 6%'plugs an opening which is slighter deeper
than that currently illJ&{@ated lp7§! G 4. This deeper 2edion _can 1 ryper

I nprove is 2t en . -
this invention enconpass al I I ations and q?difications i thin
the scope Yof the apfénded cifi [-74 o4 N 62
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15 - - CLAIMS 1. A nethod for

form ng a sem conductor device, the method characterised in that t he
st eps of: formng a first dielectric layer having a first trench
region and a second trench region separ at ed-flom-t-he—fifste
trench region; forming a first conductive regioﬁﬁﬁﬁjﬂﬁﬂ@ﬁﬁ%ﬁL@h>%ch
regi on and a second conductive region in tihg ' g
region using a first planarization pr ocessi

conductive region being laterally separated fromthe
conductive region wherein the first and Sﬁgond conducti e
separated by an internedi ate portion of t first dielegtric |ayer;
renoving the internediate portion of the first dielectr tayer—to 1orm a
gap bet ween the first and féﬂ@% conductive regions;

formng a second dielectric |ayer having i"el ectric constant e wherein e
< 3.5

1. A method for forming a semiconductor device, the method characterised in that
the steps of: _
forming a first dielectric layer having a first trench region and a second trench
region separated from the first trench region;
forming a first conductive region in the first trench region and a second
conductive region in the second trench region using a first planarization
process, the second conductive region being laterally separated from the
“— first conductive region wherein the first and second conductive regions are
| separated by an intermediate portion of the first dielectric layer;
removing the intermediate portion of the first dielectric layer to form a gap
between the first and second conductive regions;
forming a second dielectric layer having a dielectric constant ¢ wherein e <3.5
overlying the first and second conductive regions, the second dielectric
layer having a first portion which fills the gap; and
removing a top portion of the second dielectric iayer to expose a top surface of
at least one of the first conductive region or the second conductive région
wherein the first portion of the second dielectric layer remains within the

gap-

2. The method of claim 1 wherein the second dielectric layer comprises HSQ,
~ BCB, polyimide, or PAE.

3. The method of claim 1 wherein the second dielectric layer has a dielectric
constant e wherein e <2.7.

4, The method of claim 1 wherein the step of forming a first conductive region and
a second conductive region comprises: |
forming the first conductive region having a low conductive contact
portion and an upper conductive interconnect portion to form an
in-laid metal structure.

O
A’\\L\ LY
AFo 343 5 §



oVé?Iying the first and second conductive regions, the second dielectric
renoving a top

‘| ayer having a first portion which fills the gap; and
portion of the second dielectric |ayer to expose a top
at | east one of the first conductive region or the sec
wherein the first portion of the second dielectric |ayer
gap. 2. The nmethod of claim1l wherein the second d
conpri ses HSQ BCB, polyim de, or PAE. 3.
wherein the second dielectric layer has a dielectric
wherein e [err] 2.7. 4. The met hod of claim1l whe

aca..nf
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Fein the step of

on
t he

m 1

formng a first conductive regi on and 16 5 second conducrive regt-oR-
conpri ses: formng the first conductive region having a | ow

conductive cgnt achy,e Ir%emopoofﬁ}aérﬁ 1 removing thd %p port?onagfd théfjl ?q?gﬁiﬁyfg

i nt erconnect “portion
structure. performed by polishing.
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16 - 5. The nethod of claim1 renoving the top port it Es '
dielectric layer is performed by polishing. \REPEACIE’NFENSF%%T

(7 04 DEC 1999

A METHOD FOR MANUFACTURING A LOW DIELECTRIC CONSTANT
INTER-LEVEL INTEGRATED CIRCUIT STRUCTURE

5 Abstract of the Disclosure

An interconnect structure having a dielectric layer with low
dielectric constant is formed within an integrated circuit. In one
embodiment of the invention, portions of a silicon dioxide layer (18)

10  lying adjacent to a conductive interconnect (21) are removed to
expose portions of a silicon nitride etch stop layer (16). A dielectric
layer (22) having a low dielectric constant is then formed overlying
the conductive interconnect (21) and the exposed portions of the
silicon nitride etch stop layer (16). A portion of the dielectric layer

15 (22) is then removed to expose the top surface of the conductive
interconnect (21) to leave portions of the dielectric layer (22)
between adjacent conductive interconnects {21). The resulting
interconnect structure has reduced cross-talk between conductive
interconnects (21) while avoiding prior art disadvantages of reduced

20 thermal dissipation and increased mechanical stress.

FIG. 6 accompanies this abstract.



