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METHODS FOQEGAP FI LL AND PLANARI ZATI ON OF | NTERVETAL Work ey
Dl ELECTRI CS RELATED PATENT APPLI CATI ON 1) Co-pendi ng
U S. Patent Application Serial # (CS96-035) filed on

to S. Chooi et al. BACKGROUND OF THE | NVENTI ON (1)

FI ELD OF THE | NVENTI ON The present invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a

met hod of inproving the gap filling and planarization characteristics of a

dielectric layer in the
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METHODS FOR GAP FILL AND PLANARIZATION OF INTERMETAL

DIELECTRICS

RELATED PATENT APPLICATION

1)} Co-pending U.S. Patent Application Serial #

{C896-035) filed on to S. Chool et al.

BACKGROUND OF THE INVENTION

{1) FIELD OF THE INVENTION

The present invention relates to the
fabrication of integrated circuit devices, and more
particularly, to a method of improving the gap filling and

planarization characteristics of a dielectric layer in the

fabrication of intaegrated clrcuits.

{(2) DESCRIPTION OF THE PRIOR ART

Current practice for fi%;ing4gaps between
portions of a patterned metal layer involves using spin-on-
glass or a high density plasma (HDP) oxide for gap filling
followed by planarization such as by chemiggl mechanical
polishing (CMP). A typical example is illustrated in Figs. 1
through 3. Referring now to Fig. 1, there is illustrated a

partially completed integrated circuit device. Semiconductor



iabrfcation'of integrated circuits. (2) DESCRI PTION OF THE PRI OR ART

Current practice for filling gaps between portions of a patterned netal

| ayer involves using spin-on- glass or a high density plasna (HDP) oxide
for gap filling followed by planarization such as by chem cal nechani cal
polishing (CWP). A typical exanple is illustrated in Figs. 1 through 3.
Referring nowto Fig. 1, there is illustrated a partially conpleted
integrated circuit_device. Sem conduct or

- 2- devi ce structures such as gate el ectrode 14 and source and drain

regions 16 have been fabricated in andyaon the sem conductor substrate 10,
as is conventional in the art. A dielectric layer 18 has been deposited
overlying the

devite structures such as gate electrode 14 and source and
drain regions 16 have been fabricated in and on the
seiifdonductor substrate 10, as is conventional in the art. A
digl¥ctric layer 18 has been deposited overlying the
séﬁfﬁanductor device structures and planarized. A metal
layar 20 has been deposited and patterned to form the desired
metal pattern. The intermetal dielectric layer 22, such as
siiicon dioxide, is deposited conformally over the patterned
metal layer 20. Spin—on-giass layer 24, for example, fills

the gaps between the metal pattern.

Referring now to Fig. 2, the spin-on-glass
layer 24 and the intermetal dielectric layer 22 are etched
back. A second intermetal dielectr;c layer 26 is deposited

over the etched back layers. An etch stop layer such as
silicon nitride layer 28 may now be deposited followed by a
glédsseous layer such as phosphosilicate-glass (PSG) layer 30.
Fig. 3 illustrates the integrated circuit device after

planarization by CMP. . .

The prior art process illustrated in Figs. 1
through 3 has a number of drawbacks. There is little margin
for the spin-on-glass etchback because the layer 22 has to
be thin enough that it does not close at the top. Thinning

of the dielectric film over wide trenchas, called dishing,



sem conduct or device structures and planarized. A netal |ayer 20 has been
deposited and patterned to formthe desired netal pattern. The internetal
dielectric layer 22, such as silicon dioxide, is deposited conformally
over the patterned netal |ayer 20. Spin-on-glass |ayer 24, for exanple,
fills the gaps between the netal pattern. Referring now
to Fig. 2, the spin-on-glass layer 24 and the internetal dielectric |ayer
22 are etched back. A second internetal dielectric |layer 26 is deposited

over the etchatithasicurayed snay\effiech S04l [plpebrsushids i idvieepb1Dihéd de

| ayer 28 may now be deposited followed by a glasseous |ayer such as
phosphosi | i cat®Ud dssbeps@e |thepoldsh Fate £3ri Lhvet r3n ds tuehi fhegent ed
circuit device_ after planarization by CWP. The prior art
process il | ustitedtie,pplgsh mate meﬁuéawr Rés aPaliwkinofofdthebisker Zther e

is little margi,n., faor the spin-on-glass etchback because the |ayer 22 has
to be thin e%"’cﬁ’ Sﬁﬁﬁt Q?'f’n doEdL e fPePHRYF ATePRedT St Meing Pelished

dielectric fi lém %Vgig%geréﬁee.nc%%thggl &zea%b(ycihg.ggthat the stop layer 28

increases the capacitance in the. circuit. Finally, the shape
of the via etched through the PSG, etch stop, and second
intermetal dielectric layers 30,28,26 is difficult to control

because of the three different materials in these layers.

Co-pending U.S. Patent Application Serial
# 08/650,694 (CS95-090) to J. Z. Zheng et al filed on May 20,
1995 teaches the use of titanium nitride, titanium tungsten,
tungsten, and the like, as a polish stop layer. U.S. Patent
5,262,348 to Bindal et al shows a method of forming nitride
polish stops in the bottom of apertures. U.S. Patent
5,362,669 to Boyd et al teaches forming a.polish stop layer
in the middle of a wide trench to pre%ent dishing. U.S.
Patent 5,324,690 to Gelatos et al teaches forming a ternary
boeren nitride film as a polish stop layer. U.S. Patent
5,385,866 to Bartush teaches using an oxidized boron nitride
polish stop layer. U.S. Patent 5,246,884 to Jaso et al
teaches a CVD diamond or diamond-like carbon polish stop

layer.

M"‘“‘;



--3- may occur and may effect final planarization if overpolished. This is
because the polish rate for layer 30 is nuch faster than the polish rate
for layer 28. Polishing of the layer 28 w Il slow down while the other

areas are still being polished at a higher rate. Another drawback is that
the stop layer 28 increases the capacif#ance in the circuit. Finally, the

shape of the via etched throughnhh&yPof TEE CivaE@Ronand second i nternetal
dielectric layers 30,28,26 is difficult to control because of the three

different materials in these |ayers. Co- pendi ng U. S.

Pat ent Application Serial # 08/650,694 (CS95-090) to J. Z. Zheng et al
filed on May 20, 1995 teachesotdinglye of is$tanminimamyt objlect toff diieum
tungsten, tungsten, and the |like, as a polish stop layer. U S. Patent
5,262, 348 to BIREBFicR Tt PIABIAS £ MASSES ofOF GHHRLRY ANt EPBcgal i H1dANgt ops

i‘ gr En'hﬁgb gt tpglmfzg% ﬁ%ﬁq‘i&%&.}og ) gfxarl?aactt%rx]'tist%g 602f Q:%ge td?.e§g¥grf ct: laa{yetre?.%hes

the Fhbrication of integrated circuits.

It is a further object of the invention to
provide a process for improving the gap filling
characteristics of the dielectric layer while improving the

margin for spin-on-glass etchback.

It is yet another object to provide a process

for gap filling which avoids dishing due to overpolishing.

In accordance with the objects of the
invention, an improved method of gap filling and
planarization in the dielectric layer by combining an anti-
reflective coating with a CMP etch stop is achieved.
Senmiconductor device structures are provided in and on a
semiconductor substrate. A conducting layer. is deposited
overlying the surfaces of the semiconductor device
structures. A hard mask is deposited overlying the
cosiffucting layer wherein the hard mask acts as an anti-

reflective coating. The conducting layer and the hard mask



in the mddle of a wde trench to prevent dishing. US. Patent 5,324,690
to Celatos et al teaches formng a ternary boron nitride filmas a polish
stop layer. U S. Patent 5,385,866 to Bartush teaches using an oxi di zed
boron nitride polish stop layer. U S. Patent 5,246,884 to Jaso et al.
teaches a CVD di anond or di anond-1i ke carbon polish stop Iayer

-4- SUVMARY OF THE | NVENTI ON

Accordingly, iBFPsPACHRINRL FOOBPER (CBAUCHERT | FHAGH w&ﬁrﬁbnp?ogﬁ%elsa process

Lo bary el 9 EBEnSRRyddiladi dhe BShdlARAE FALON hGuAGLORl Sl D

I on egrate clrcul

It is afurthefy 9%% & &sfl%eana iiﬂ{é 5&459&&/@ t?:e%@ﬁ&éétixﬁf 1iREOVi Ng
the gap filling ar act rlstlcs of the dielectric layer while inproving
t he . wherein the gap remains between the conducting lines. A
second dielectric layer is deposited overlying the first
. dielectric layer wherein the gap is filled by the second
dielectric layer. The first and second dielectric layers are
planarized wherein the hard mask acts as an etch stop or a
polish stop. A third dielectric layer is deposited over the

planarized first and second dielectric layers completing the

fabrication of the integrated circuit device.

BRIEF DESCRIPTION OF THE ﬁRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 3 are cross-sectional

representations of a process of the prior art.

Figs. 4 through 8 are cross-sectional
representations of a preferred embodiment of the present

invention.



nargin for spin-on-glass etchback. It is yet another

object to provide a process for gap filling which avoids dishing due to
over pol i shi ng. In accordance with the objects of the

i nvention, an inproved nethod of gap filling and planarization in the
dielectric layer by conbining an anti- reflective coating with a CVMP etch

stop is achieved. Sem conductor device structures are provided in and on a
sem conductor substrate. A conducting |ayeris deposited overlying the
surfaces of the sem conductor device structures. A hard mask is deposited
overlying the conducting |layer wherein the hard mask acts as an anti -
reflective coating. The ODESCGRIPTIMN |Qry FHEaRREFERRE R EMBAREKENTS
-5- are patterned to formconducting lines wherein a gap is
The process of the presént invention will be

described in detail with reference to Figs. 4 through 8.

Referring now more particularly to Fig. 4, there is shown a

semiconductor substrate 10, in which may be formed

semiconductor device structures which may include a

polysilicon gate electrode 14 and source and drain regions

16, separated from other device structures, not shown, by

Field OXide region 17. An insulating layer 18 covers the

semiconductor device structures and is planarized, such as

by chemical mechanical polishing (CMP).

A layer of conducting material 20 is deposited
over the surface of the semiconductor substrate. The
conducting material may be metal, such as Ti/TiN/Al-Cu,

Ti/TiN/Ti/Al-Cu, or Ti/Al-Cu.

A hard mask is formed on the surface of the

conducting layer 20. The mask may be .formed of silicon
nitride, silicon oxynitride, or boron nitride. This mask is
used as both an anti-reflective coating and as a stopper for
CMP or'spin-on—glass etchback. The hard mask replaces the
conventional titanium nitride anti-reflective coating and

works as well as or better than the titanium nitride as an



fr-ormed between the conducting lines. Afirst dielectric |layer is deposited
over the surfaces of the conducting lines wherein the gap renmains between
the conducting lines. A second dielectric |layer is deposited overlying the
first dielectric |ayer wherein the gap is filled by the second dielectric
| ayer. The first and second dielectric |ayers are planarized wherein the
hard mask acts as an etch stop or a polish stop. Athird dielectric |ayer
is deposited over the planarized first and second dielectric |ayers
conpleting the fabrication of the integrated circuit device.

BRI EF DESCRI PHAN -PefTEE: DRAWMNESng. The hard mask 3D id@icpeesatBanyvag
drawings formng a nmaterial part of this description, there is shown:

Fi gs. 1 throudthed smr€aceoss-igectdoadattine dreyeentat nohsy gflasmarenbascad t he
prior art. ] Figs. 4 through 8 are cross-sectional
repr esent at i orghamicalpraper réepasifidanntPECHY) @ffeaptespenature of between

about 200 to 500 <C,

A hard mask of silicon nitride is formed b&
flowing SiH4 at a rate of between about 50 to 300 scom,
flowing NHs at between about 30 to 200 scom, and flowing N2
at 2000 to 4000 scem. The silicon nitride layer is formed to
a thickness of between about 500 to 800 Angstroms. The layer
has a refractivé index of 2.0 to 3.0 and an extinction

coefficient of 0.2 to 0.8.

A hard mask of silicon oxynitride is formed by
flowing SiH4 at a rate of between about 50 to 200 sccm,
flowing N=0O at between aboul 50 Lo 200 éccm, and fiowing He
at 2000 to 4000 scem. The silicon oxynitride layer is formed
to a thickness of between about 600 to 1000 Angstroms. The
layer has a refractive index of 2.0 to 3.0 and an extinction

coafficient of 0.4 to 1.0.

A hard mask-of boron nitride is formed by
flowigg Bz2He at a rate of between about 200 to 1000 sccm,
flowing NHz at between about 50 to 300 scem, and flowing Nz

at 2000 to 4000 sccm. Alternatively, the boron nitride hard



l-nventi on. - 6- DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The process of the present
invention will be described in detail with reference to Figs. 4 through 8.
Referring now nore particularly to Fig. 4, there is shown a sem conductor
substrate 10, in which may be fornmed sem conductor device structures which
may include a polysilicon gate el ectrode 14 and source and drain regions
16, separated from ot her device structures, not shown, by Field OXi de
region 17. An insulating |ayer 18 coversgthe sem conductor device
structures and is planarized, such as by chem cal nechani cal polishing
(CWP) . A | ayer of conducting material 20 is deposit.ed
could be formed by flowing BaNaHe at a rate of between about

50 to 30 sccm and flowing N2 at 50 to 500 scem. The boron
nitride layer is formed to a thickness of between about 600
to 1000 Angstroms. The layer has a refrractive index of 1.7

to 2.5 and an extinction coefficient of 0.1 to 0.5.

The preceding recipes differ from conventional
recipes in that the deposition rate is much slower than is
conventional for better process control. The refractive
indices and extinction coefficients are higher than
conventional. Light reflected from the surface of the hard
mask.and from the surface of the metal under the hard mask
will have a 180° phase difference for certain refractive
indices, extinction coefficients, and film thicknesses.
Therefore, the hard mask of the invention, having these
certain parameters, will work very well as an anti-reflective

coating.

Referring now to Fig. 5, a phptoresist mask 34
is formed overlying the hard mask 32. The conducting layer
20 and hard mask 32 are etched away whare they are not
covered by the photoresist mask tc foram the desired

conducting layer pattern. The phQtoresist mask is removed.



over the surface of the sem conductor substrate. The conducting materi al
may be netal, such as Ti/TiNA-Cu, Ti/TiNTi/A -Cu, or Ti/Al-Cu.

A hard mask is formed on the surface of the conducting |ayer 20. The mask
may be formed of silicon nitride, silicon oxynitride, or boron nitride.
This mask is Used as both an anti-rejgpgtive coating and as a stopper for
CWP or spin-on-glass etchback. The hard nask replaces the conventi onal
titaniumnitride anti-reflective coating and works as well as or better
than the titaniumnitride as an

. . . . -7-
anti-reflective coating. Th&eKLr c@RediEermetaldieletvd ovaveti A8 §8rface of
t he conductinge ggfg<g | S I8 n g ' V. I i flon
(PECVD) at a teif?rpera%[ u%e&l?fo Q%g? \kf\geér?ergbmg%t 2’% 10-&%1?)&?0 délrc?’?%f; ?}!398? éﬁé)

hard mask, as illustrated in Fig. 6. This intermetal
dielectric layer may comprise silicon dioxide with a
thickness of between about 500 and 6000 Angstroms. A

laye; of spin-on-glass, high density plasma (HDP) oxide, or
ozone-TEQOS {tetraethoxysilane) oxide 38 is coated over the

intermetal dielectric layer 36 to £ill the gaps between metal

lines.

Referring now to Fig. 7, the integrated
circuit is polished using CMP with a polish stop at the hard
mask 32. If the gap-filling layer is a spin-on-glass, the
integrated circuit device can be partially planarized using
plasma etchback with CHFs/CF4 chemistry or by CMP where the
hard mask acts as an etch stop or a polish stop. This
results in a planarized surface. A second intermetal
dielectric layer 40 is then deposited over the planarized
surface. The dielectric layer 40 is fuﬁther planarized using
CMP, if necessary.

-

Via openings may be etched through the
dielectric layer to form desired electrical connections to
conducting lines 20, as shown in Fig. 8. The via openings

are filled with a conducting material 42 which is patterned



A hard mask of silicon nitride is formed by flowing SiHerr] at a rate of
bet ween about 50 to 300 sccm flowing NH3 at between about 30 to 200 sccm
and flowing Nerr] at 2000 to 4000 sccm The silicon nitride layer is
formed to a thickness of between about 500 to 800 Angstrons. The | ayer
"has a refractive index of 2.0 to 3.0 and an extinction coefficient of 0.2
to 0.8. A hard maskiof- silicon oxynitride is formed by

flowing SiH err a rate of .het a ! C ;&b owi ng N=O at
bet ween abg‘Lﬁt cgbp?%tiof)a%srcl&%mgﬂdg\f%ﬁ Egle'%%{?&)%%&2% Oufi% %66 sccm The
silicon oxynitride layer is formed to a thickness of between about 600 to
1000 Angstrons. The |ayer has a refractive index of 2.0 to 3.0 and an
extinction coefficient afhddpbotesd.df the invention resultsAihard mask of
boron nitride is formed by flowing Blerr]Herr] at a rate of between about
200 to 1000imguowed Gapwiikhidd ofr fpin- B abete HENENSH0 sccm and

flowwng Nerr] at 2000 to 4000 sccm Alternatiyvely, the boion nitride hard
layer 36 can be used because any excessive ‘spin-on-glass

on top of the wide metal lines will be polished away. The
hard mask as polish stop improves the margin for spin-on-
glass etchback so that the spin-on-glass with etchback
process can be extended sub-0.25 metal line spacing. The
process of the invention avoids dishing due to ovérpolishing
which improves the CMP process margin. The via etch will be
easier than in the prior art because only one layer material
is etched rather ﬁhan a sandwich structure of three layer
materials as in the prior art. Capacitance is lowered by the
process of the invention if the hard mask is composed of
boron nitride because boron nitride has a low dielectric
constant. If silicon nitride or silicon oxynitride are used
for the hard mask, capacitance will increase slightly, but
not so much as in the prior art because the hard mask is
present only overlying the metal lines, not on the remainder
of the circuit. ..

While the invention has been particularly
shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled



could be fornmed by flowng Blerr]Nerr]H err] at a rate of between about

50 to 30 sccmand flowng Nerr] at 50 to 500 sccm The boron nitride

| ayer is formed to a thickness of between about 600 to 1000 Angstrons. The
| ayer has a refractive index of 1.7 to 2.5 and an extinction coefficient

of 0.1 to 0.5. The pregeding recipes differ from
conventional recipes in that the deposition rate is nuch slower than is
conventional fon Pgdteit RHREESar EON r@langiBein efdrac ande detadl sesaprise
extinction coefficients are higher than conventional. Light reflected from
t he surface of mafle wnbtitbutrdebaabiing rivont thesspiznicte a0fd skepaeodll thender t he

hard mask will have a 180[err] phase difference for certain refractive
i ndi ces, extinénventiaefficients, and fil mthicknesses. Therefore, the
hard mask of the invention, having these This Sheet Has Been Replaced

What is claimed is: ”I'll

1l

THIS SHEET HAS BEEN
REPLACED |




certain paraneters, will work very well as an anti-retLe%LLxg__gggLLng___
Ref erri ng newtoe—+H-g—b5—aphotoresi st nask 34 is forne overlying t he

hard mask 32wt ' | ayer 20 and hard mask 32

wher e t hey piR ! Zauglﬂﬂﬁby t he photoresist nmask to

conducting 1'% ga:Coa e photoresist mask is renove mu“ m lm!

-9- Next, an intermetat 1di-el ectric |ayer ted
conformal |y over the patterned conducting layer and hard mask, as
illustrated in Fig This intermetal dielectric |ayer may conprise
silicon diOX|ge Fﬁt§°dt%¥dﬁﬁ%g?CGPrbggWEEﬁJ§BGGPtSQOCbm%P%@OO Angst r ons.
A layer of s | ass h density plasma (HDP) oxide, or ozone-TECS
(tetraet hoxyslﬁqeq’ﬁ‘é:%‘l gﬁ%‘i“aﬁi%h“ s coated over the internetal dielectric

layer 36 to fill tRe.0aREndElMRERIInERERLr device structures in and on

a semiconductor substrafe;

&epositing a conducting layer overlying the
surfaces of said semiconductor device structures;

depositing a hard mask overlying said conducting
layer wherein said hard mask acts as an anti-reflective
coating;

patterning said conducting layer and said hard mask
to form conducting lines wherein a gap is formed between
said conducting lines; |

depositing a first dielectric layer over the
surfaces of said conducting lines wherein said gap
remains between said conducting lines;

depositing a second dielectric iayer overlying said
first dielectric layer wherein said gap is filled by
said second dielectric layer;

planarizing said first and second dielectric layers
wherein said hard mask acts as an etch stop; and

depositing a third dielectric layég over said
planarized first and second dielectric layers completing

the fabrication of said integrated circuit device.




li nes. Referring nowto Fig. 7, the integrated circuit
I's polished using CVP with a polish stop at the hard nask 32. If the
gap-fill+ng-layer s a spin-on-glass, the integrated circuit device can be
partially. ol ai{ig}%gd using plasma etchback with CHF[err]/CF[err] chem stry
or by CVF jiilk ﬂ,‘&m“lm mask acts as an etch stop or a polish stop. This
resul ts i misal rface. A second internetal dielectric |ayer 40
is then dep05|teﬁ dver the planarized sut¥ace. The dielectric layer 40 is

further planarized using CWP, if necessary Vi a openi ngs
may be etched through the dielectr to. fornl ectrical
connect i ons%t d* W&Gc??ﬁ%rq’i%§°2 a%/ KoL e%rrdTg‘eg\%l a openi ngs

are filled anphmse%oggf%éﬂl%f@ﬁr | ﬁ.l:wfi‘?g ‘M"tﬁﬁckﬁegé‘téierﬂéec@een

about 500 to 800 Angstroms and wherein said hard mask is
formed by flowing SiH« at a rate of between about 50 to
300 socem, flowing NHaz at a rate of between about 30 to

200 scem, and flowing Nz at a rate of between about 2000

to 4000 sccm.

3. A method according to Claim 1 wherein said hard mask
comprises silicon oxynitride having a thickness of
between about 600 to 1000 BAngstroms and wherein said
hard mask is formed by flowing SiH4 at a rate of between
about 50 to 200 sccm, flowing Nz0 at a rate of between
about 50 to 200 sccm, and flowing He at a rate of

between about 2000 to 4000 sccm.

4. B method according to Claim 1 wherein said hard mask
comprises boron nitride having & thickness of between
about 800 to 1000 Angstroms and wherein said hard mask
is formed by flowing BzHe at a rate of- between about 200
to 1000 scem, flowing NHs at g rate of between about 50
to 300 scem, and flowing Nz at a rate of between about

2000 to 4000 sccm.



~ 10 - to conplete fabrication of the integrated circuit device.

The process of the invention results in inproved gap filling of

spin-on-glass since a thinner |ayer 36 can be used because any excessive
spin-on-glass on top of the wide netal lines will be polished away. The
hard mask as polish stop inproves the margin for Soln on- gl ass etchback

so that the spin-on-glass with etchback ,process I!)mllﬁlllﬁmmyl ub 0.25
metal |ine spacing. The process of the |nvent|on ue to
overpol i shing which inproves the CVWP process margin.®The Via®etth will be
easier than in the prior art because only one layer material is etched

rather than a sandwnebhéd rakkddragngf té tEEn 2y fher 8Bt eddid Ha?d mBskhe prior
art. Capacitance is |lowered by the process of the invention if the hard

mask i s conposedmpirisberivoron tiitdédbctatisy hothhickhdssd def batwachow
dielectric constant. If silicon nitride or silicon oxynitride are used
for the hard nﬁé’l@utcéﬁ'écma}rﬂ%) WRoEtYomRs @a‘gewbﬁrgmlﬁaldomardnmsko much as
in the prior art hecause the hard mask i s present only overl g the net al

lines, not on ti%e *PERES Rerflggring,BsNle @l @ rate of between a ou

50 to 300 sccm and flowing Nz at a rate of between about

50 to 500 sccm,

6. A method according to Claim 1 wherein said second

dielectric layer comprises spin-on-glass.

7. A method according to Claim 1 wherein said second

dielectric layer comprises high density plasma oxide.

8. A method according to Claim 1 wherein said second
dielectric layer comprises ozone-TEOS

{tetraethoxysilane) oxide.

9. A method according to Claim 1 wherein said
planarizing is done by etching back said first and

-

second dielectric layers. -

-’

10. A method according to Claim 1 wherein said

planarizing is done by chemical mechanical polishing.



.VWiie the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
t hose skill ed -11 - in the art that various

changes in formand details may be nmade w t hout deparffﬁg—LLgnLLhe_sp~r|t
and scope of the invention. CLAI M5

1. A nethod of manufacturing an integratee circuit c‘ﬂlugﬂ'gmtﬂ)’m
provi di ng sem conduct or device structures in and on
substrat e; depositing a conducting |ayer overlying the surfaces of
sai d sem conductor device structures;
11. A method of manufacturing an integrated circuit
device comprising:
providing semiconductor device structures in and on
& semiconductor substrate;
covering said semiconductor device structures with“
ah insulating layer and planarizing said insulating
layer;
depositing a conducting layer overlying said
insulating layer;
depositing a hard mask overlying said conducting
layer wherein said hard mask acts as an anti-reflective
coating;
patterning said conducting layer and said hard mask
to form conducting lines wherein a gap is formed between
said conducting lines;
depositing a first dielectric layer over the
surfaces of said conducting lines wherein said gap
remains between said conducting lines;
depositing a second dielectric layver overlying said
first dielectric layer wherein said gdp is filled by
said second dielectric layer; .
planarizing said first and second dielectric layers
wherein said hard mask acts as an etch stop;

depositing a third dielectric layer over said

planarized first and second dielectric layers;



depoéiting a hard mask overlying said conducting |ayer wherein said hard

mask acts as an anti-reflective coating; patterni ng said conducting
| ayer and said hard mask to formconducting lines-wherein a gap is forned
bet ween said conducting |ines; depositing a first dielectric |ayer

*

overlying said first dielectric |ayer wherein said gap is"fitled By | said
second dielectric |ayer; pl anari zing said first and second dielectric
layers wherein sai d &editinipsKadepéntfgsatnebidh SOl tWdd dieledheiasi ting a
third dielectric |ayer over said planarized first and second dielectric

| ayers conpl eti nayehearidilwadicdahaod mdsks diodsabd egomiwet inigr Cihés dearite.

over the surfaces of said conducting |ines wherei ne' ,mnu”mrmms
bet ween sai d conducting |ines; deposigting a s | | ayer

£illing said via openings with a second conducting
layer to complete electrical connections in the

fabrication of said integrated circuit device.

12. R method according to Claim 11 wherein said hard
mask comprises silicon nitride having a thickness of
between about 500 to 800 Angstroms and wherein said hard
mask is formed by flowing SiH4 at a rate of between
about 50 to 300 sccm, flowing NHms at a rate of hetween
about 30 to 200 sccm, and flowing Nz at a rate of

between about 2000 to 4000 sccm.

13. A method according to Claim 11 wherein said haxd
mask comprises silicon oxynitride having a thickness of
between about 600 to 1000 Angstroms and wherein said
hard mask is formed by flowing SiH.4 at a rate of between
about 50 to 200 sccm, flowing N=20 at a rate of between
abéut 50 to 200 sccm, and flowing He at a rate of

Fd

hetween about 2000 to 4000 sccm. .
14. A method according to Claim 11 wherein said hard
mask comprises boron nitride having a thickness of

between about 600 to 1000 Angstroms and wherein said



-13- 2. A nmethod according to Caim1 wherein said hard mask conprises
silicon nitride having a thickness of between about 500 to 800 Angstrons

and wherein said hard mask is forned by flow ng Sﬂﬁ?ﬂTﬁ‘?ﬂ‘?rT?nTrTﬁ
bet ween about 50 to 300 sccm flowing NHerr] at a bout
30 to 200 sccm and flowmng Nerr] at a rate of betmﬂlmﬂm !‘

4000 sccm 3. A nmethod according to~Clthim 1 wherel ” sal ds
conprises silicon oxynitride having a thickness of between about 600 to

1000 Angst d d k is f d by fl t

arate of Lgﬁﬁgf%%ﬁt'Eas?%r%%%éfcéﬂfsw%%ﬁ?%ﬁear Fach ey |

bet ween about Sghdik %% @% A‘flﬂf A ate eﬁﬁ oP HERILADOUL
% céo I ng 3 er

2000 to 4000 sccm a iml el N sal ard

mask conprises &wmsm ttbl §@0h§éﬁnﬂgaﬁdt bw%ﬂﬁﬁr febgt peen o@bout 600 to
1000 Angstrons and wherein said hard mask
between about 2000 to 4000 sccm.

15. A method according to Claim 11 wherein said hard
mask comprises boron nitride having a thickness of
between about 600 to 1000 Angstroms and wherein said
hard mask is formed by flowing BsNzHe at a rate of
between about 50 to 300 sccm and flowing N» at a rate of

between about 50 to 500 sccm.

16. A method according to Claim 11 wherein said second

dielectric layer comprises spin-on-glass.

17. A method according to Claim 11 wherein said second

dielectric layer comprises high density plasma oxide.

18. A method according to Claim 11 wherein said second
dielectric layer comprises ozone-~TEOS

(tetraethoxysilane) oxide.

19. A method according to Claim 11 wherein said
planarizing is done by etching back said first and

second dielectric layers.



Is formed by flowng Blerr]H err] at a rate of between about 200 to. 1000
sccm flowing NH err] at a rate of between about 50 to 300 sccm and
flowng Nerr] at a rate of between about 2000 to 4000 sccm

- 14 - 5. A nethod according to Claim1 wherein said hard nmask
conprises boron nitride having a thickness of between about 600 t 0
Angstroms and wherein said hard nmask is foggred by HOMI‘H! Ilu ui"“lUil
Blerr[Nerr]H err] at a rate of between about 50 to 3 ng
Nerr] at a rate of between about 50 to 500 sccm 6. "A fet ho accordlng
to Caim1l wherein said second dielectric |ayer conprises spin-on-glass.
7. A net hod accéfdihgrathad acretdiskertel flsindl sedonckindisalidctric | ayer

conpri ses high d n5|t¥ plasma oxi de.
narizing is done by chemical mechanical polishing.

21. A method of manufacturing an integrated circuit
device comprising:

praoviding semiconductor device structures in and on
a semiconductor substrate;

covering said semiconductor device structures with
an insulating layer and planarizing said insulating
layer;

depositing a conducting layer overlying said
insulating layer;

depositing a hard mask overlying said conducting
layer wherein said hard mask comprises one of the group
containing silicon nitride, silicon oxynitride, and
boron nitride and wherein said hard mask acts as an
anti-reflective coating;

patterning said conducting layer and said hard mask
to form conducting lines wherein a gap is formed between
said conducting lines; P

depositing a first dielectric layer over the
surfaces of said conducting lines wherein said gap
remains between said conducting lines;

depositing a second dielectric layer overlying said

first dielectric layer wherein said gap is filled by



8. A nethod according to Claim1l wherein said second dielectric |ayer

conpri ses ozone-TEOCS (tetraethoxysilane) oxide. 9. A nethod according to
Claim 1 wherein said planarizing is done by etching back said first and
second dielectric |ayers. 10. A nethod according to Caim21 wherein said

planarizing is done by chem cal nechanical polishing.|/KiH T WG

- 15 - 11. A method of manufacturing ant%i nt egr at ed IJI “”“l""m(ﬂ qu"
conpri si ng: @%%qungléﬁghﬁggggg%gf devi ce structtrés itn &ndf ot a
sem conduct or sdbstr t g sai d sem conductor device

structures with aniaRawhalhddsdid) ¢5 800 Ahel 89e§@é@r1d1%lélyﬁ§:bng
| ayer; depositing a conducting |ayer overlying said

wherein said hard mask acts as an etch stop;

depositing a third dielectric layer over saigd
planarized first and second dielectric layers;

etching via openings through said third dielectric
layer and said hard mask to said conducting lines; and

filling said via openings with a second conducting
layer to complete electrical connections in the

fabrication of said integrated circuit device.

22. A method according to Claim 21 wherein said hard
mask comprises silicon nitride having a thickness of
between about 500 to 800 Angstroms and wherein said hard
mask is formed by flowing SiHa at a rate of between
about 50 to 300 sccm, flowing NHz at a rate of between

about 30 to 200 sccm, and flowing Nz at a rate of

between about 2000 to 4000 sccm.

23. A method according to Claim 21 wherein said hard
mask comprises silicon oxynitride havi§g a thickness of
between about 600 to 1000 Angstroms and wherein said
hard mask is formed by.flowing SiHs at a rate of between
about 50 to 200 sccem, flowing N20 at a rate of between

about 50 to 200 sccm, and flowing He at a rate of



insulating | ayer; depositing a hard mask overlying said conducting

| ayer wherein said hard nask acts as an anti-reflective coating;
patterning said conducting |ayer and said hard mask to form conducti ng

| ines wherein a gap is forned between said conducting |ines;

depositing a first dielectric |layer over the surfaces of said conducting

| ines wherein said gap renains betmeeq_?ﬁid conducting |ines;

depositing a second dielectric |ayer oveffying said first dielectric |ayer
wherein said gap is filled by said second dielectriclayer;
pl anarizing said first and second dielectric |ayers wherein sai d hard mask

a2 1 s R AL o DR O

24. A method according to Claim 21 wherein said hard

mask comprises boron nitride having a thickness of
between about 600 to 1000 Angstroms and wherein said
hard mask is formed by flowing BzHes at a rate of between
about 200 to 1000 sccm, flowing NHa at a rate of between
about 50 to 300 sccm, and flowing Nz at a rate of |

between about 2000 to 4000 sccn.

25. A method according to Claim 21 wherein said hard
mask comprises boron nitride having a thickness of
between about 600 to 1000 Angstroms and wherein said
hard mask is formed by flowing BaNzHe at a rate of
?etween about 50 to 300 sccm and flowing N2 at a rate of

between about 50 to 500 sccm.

26. A method according to Claim 21 wherein said second

dielectric layer comprises spin-on-glass.

-

27. A method according to Claim 21 wherein said second

dielectric layer comprises high density plasma oxide.

28. A method according to Claim 21 wherein said second

dielectric layer comprises ozone-~TEOQS



efching vi a openi ngs through said third dielectric |layer and said hard

mask to said conducting |ines; and filling said via openings with a
second conducting |layer to conplete electrical connections in the
fabrication of said integrated circuit device. 12. A method according to

Claim 11 wherein said herd nmask conprises silicon nitride having a

t hi ckness of between about 500 to 800 Angxat rons and wherein said hard
mask is forned by flowing SiHerr] at a rate of o 300
sccm flowing NH err] at a rate of between about { and
flowing N2 at a rGketusfethoatyertanapuiae000 to 400N MH & HA et hod
according to Caim1ll wherein said hard nmask conpp*gess! i oxynitride
havi ng a thickness of between about 600 to 1000 Angstrons and wherein said
hard mask is formed by flowwng SiHerr] at a rate of between about 50 to
200 sccm flowing N20 at a rate of between about 50 to 200 sccm and
flowwng He at a rate of




_between about 2000 to 4000 sccm 14. A nmethod according to Caim1ll
wherein said hard mask conprises boron nitride having a thickness of

bet ween about 600 to 1000 Angstrons and wherein said hard mask
is formed by flowing Blerr]H err] at a rate of between about 200 to 1000
sccm flowng NH err] at a rate of betme§£ about 50 to 300 sccm and
flowing Nerr] at a rate of between aboft 72000 to 4000 sccm 15. A

nmet hod according to Claim1ll wherein said hard mask conprises boron
nitride having a thickness of betw®3T&8BOTUt 600 to 1000 Angstrons and

of " bet weon MEERS BN BoP 335l puaNE 1t g hERilE inrhOhirpg 2 @ rate
An improved method of gap filling and planarization in
the dielectric layer by combining an anti-reflective coating
with a CMP etch stop is described. Semiconductor device
structures are provided in and on a semiconductor substrate.
A con&ucting layer is deposited overlying the surfaces of the_
semiconductor device structures. A hard mask is deposited
overlying the conducting layer wherein the hard mask acts as
an anti-reflective coating. The conducting layer and the
hard mask are patterned to form conducting lines wherein a
gap is formed between the conducting lines. A first
dielectric layer is deposited over the surfaces of the
conducting lines wherein the gap remains between the
conducting lines. A second dielectric layer is deposited
overlying the first dielectric layer wherein the gap is
filled by the second dielectric layer. The first and second
dieiectric layers are planarized wherein the hard mask acts
as -an etch stop or a polish stop. A third dielectric layer
is deposited over the planarized first and second dielectric
layers completing the fabrication of the imtegrated circuit

device.

(FIGURE 4 1S SUGGESTED FOR PUBLICATION)



“between about 50 to 500 sccm 16. A nethod according to Caim1l wherein

said second dielectric |layer conprises spin-on-glass. 17. A nethod
according to Claim11l wherein said second dielectric |ayer conprises high
density plasnma oxide. _ 18. A method according to Claim1l wherein said

second dielectric layer conprises ozone-TECS (tetraethoxysilane) oxide.
19. A nethod according to Claim 11l wherein said planarizing is done by
etching back said first and second dielectric |ayers.

- 18 - 20. A nethod according to CJ§}n111 wherein said
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pl-anari zing is done by chem cal nechanical polishing. 21. A nethod of
manuf acturing an integrated circuit device conprising: provi di ng

sem conductor device structures in and on a sem conductor substrate;
covering said sem conductor device structures with an insulating |ayer and

pl anari zing said insulating |ayer; depositing a conducting |ayer
overlying said insulating |ayer; positing a hard mask overlying
said conducting |ayer wherein said haF mask conprises one of the group

containing silicon nitride, silicon oxynitride, and boron nitride and

wherein said hard nmask acts as an anti-reflective coating; patterning

sai d conducting layer and said hard mask to form conducting |ines wherein

a gap is forned between said conducting |4nes; depgsiting a first

dielectric layer over the surfaces of saja conducti;%yﬁ‘ Fes wherein said
28

gap .
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FIG., 3 Prior Art
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remai ns between sai d conducting |ines; depositing a second dielectric
" layer overlying said first dielectric |ayer wherein said gap is filled by
said second dielectric |ayer; pl anari zing said first and second
dielectric layers wherein said hard mask acts as an etch stop;
depositing a third dielectric |layer over said planarized first and second
dielectric | ayers; etching via openings through said third dielectric
| ayer and said hard nask to said condug%ing |l i nes; and filling said
via openings with a second conducting3 ayer to conplete electrical
connections in the fabrication of said integrated circuit device. 22. A
nmet hod according to Caim2l1 wherein said hard nask conprises silicon
nitride having a thickness of
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bef ween about 500 to 800 Angstroms and wherein said hard mask is forned by

flow ng SiHerr] at a rate of between about 50 to 300 sccm flow ng

by

NH err] at a rate of between about 30 to 200 sccm and flowing Nerr] at a
rate of between about 2000 to 4000 sccm 23. A nethod according to
Claim 21 wherein said hard nmask conprises silicon oxynitride having a

t hi ckness of between about 600 to 1000 Angstrons and wherein said hard
mask is forned by flowng SiHerr] at rate of between about 50 to 200
sccm flowing Nferr]O at a rate of bet\feen about 50 to 200 sccm and
flowng He at a rate of - 20 -

bet ween about 2000 to 4000 sccm 24. A method according to Caim 21
wherein said hard
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smask conprises boron nitride having a thickness of betwee REBL%CMﬁ gH .
1000 Angstrons and wherein said hard mask is fornmed by fldw EET
Blerr]Herr] at a rate of between about 200 to 1000 sccm jfljowj ng, NH err
at a rate of between about 50 to 300 sccm and flow ng N err] ’tz 4Oy dﬁ%?o
bet ween about 2000 to 4000 sccm 25. met hod accordi ngjt
wherein said hard nmask conprises boron mifride having a thi ckness of

b b 0 d wh d A
Dy 11 owi no B AP TREGPFTHEBIY [V-rdtos FATRSS ‘hapRBeA™dnathe

ned

8366 sccm
and flowing NpRiel wakndut %%aqftmgek%xﬁntl?@@ﬂlég Eﬁd@@oﬁéxd? the 26. A

nmet hod according to Caim21 wheréin said seCond dielectric |ayer

conpri ses spi nintrengliaas. 27. A nmethod according to Claim21 wherein said
second dielectric |layer conprises high density plasnma oxide. 28. A

met hod according to Caim21 wherein said second

P
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‘diel ectric |layer conprises ozone-TE

21 -

(tetraet hoxysilane) oxide. mllllj""”"ﬂ”u&l ,”m | o
CLAIMS T }r? g

1. A method of manufacturing an integrated circuit o

device comprising:

providing semiconductor device structures in and on
a semiconductor substrate; |

depositing a conducting layer overlying the
surfaces of said semiconductor device structures;

depositing a hard mask overlying said conducting
layer wherein said hard mask acts as an anti-reflective
coating;

patterning said conducting layer and said hard mask
to form conducting lines wherein a gap is_formed between
said conducting lines; |

depositing a first dielectric layer over the
surfaces of said conducting lines wherein said gap
remains between said conducting lines;

depositing a second dielectric iayer overlying said
first dielectric layer wherein said gap is filled by
said second dielectric layer;

planarizing said first and second dielectric layers
wherein said hard magk acts as an etch stop; and

depositing a third dielectric layég over said
planarized first and second dielectric layers completing

the fabrication of said integrated circuit device.




