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-1- NI TRIDE AS AN ETCHBACK OR CMP STOP I N | NTERLAYER DI ELECTRI C

PLANARI ZATI ON | NCORPORATI NG LOW DI ELECTRI C CONSTANT SPI-N- ON POLYMER
REPLACEMENT SHEET BACKGROUND OF THE | NVENTION (1)- FI ELD OF THE | NVENTI ON
The present invention relates to the fabrication of |ntegrated circuit
devices, and nore particularly, to a nmethod of preserving the integrity of
a spin-on polyner gap filling materi al duilpg pl anari zation of a dielectric
| ayer in the fabrication of integrated Circuits. (2) DESCRI PTI ON OF THE

PRI OR ART TheNDERIDE NS &N ETOHBACEWOHI eHRCITOR I@bﬁéffi‘@mwﬁgam'ﬁbmlc

I norgani ¢ sil sesqui oxane spi n-on pol yners have the uniqu ert

t hermal refl OWWIZW%é@‘WO%Mi%{Fi bW INELEGIRIQ EPH& 'g "c{}érql’ét ics
of the interlayer POLYMER

RELATED PATENT APPLICATION

1) Cé-pending.U.S. Patent Aﬁplication Serial #

(CS96-033) filed on to J. Z. Zheng et

al.
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION
The preéent invention relates to the
fabrication'of integrated circuit devices, and more
particularly, to a method of preserving the integrity of a
.spin;on polymer gap filliné material during planarization of

a dielectric layer in the fabrication of integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART

The new generation.of low dielectric constant
organic and inorganic silsesquioxane spin-on polymers have
the unique property of thermal reflow that improves the
planarity and gap filling characteristics of the interlayer

dielectric. The thermal reflow property is more pronounced
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The thermal reflow property is nore pronounced -2- top of

| ines than on wde or large netal features. That is, the spin-on
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take place at the corners of the wide netal |ines. Hence, once
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collect between the lines, but the polymer will remain over
the wide metal lines of more than about 10 microns in width.
Reflow will also take place at the cornexrs of the wide metal
lines.  Hence, once the gpin-on polymer on the wide metal
features is etched away, the current oxide to conventional
polyoxide spin—on—glass selectivity for planarization
etchback can no longer ensure the preservation of the
integrity of the underlying oxide barrier and the thin metal

lines. This problem is illustrated in Figs. 1 and 2.

Referring now more particularly to Fig. 1,
there is illustrated a partially completed integrated
ci;cuit device. Semiconductor device structures, not shown,
may be fabricated in and_on.the_semiconductor substrate 10.
Metal lines 20 are formed over insulating layer 11. Titanium
nitride anti-reflective coating layer 22 is formed on the
metal lines. An oxide 24 is conformally deposited over the
patfern of metal lines 20. Spin-on polymer 26 is coated over
the oxide layer. The conventionai planarization etchback
using CHFs/CF4 chemistry has a selectivity of oxide to the
spin-on polymer of 1.6:1. As illustrated in Fig. 2, after

etchback, the polymer over the wide metal line 31 has been

at F6RLeF Ry ifrosyitheythint he



Referring now nore particularly to Fig. 1, there is illustrated a partially
conpleted integrated circuit device. Sem conductor device structures, not
shown, may be fabricated in and on the sem conductor substrate 10. Metal
lines 20 are fornmed over insulating layer 11. Titaniumnitride
anti-reflective coating layer 22 is fornmed on the netal |ines. An oxide 24
Is conformal | y deposited over the pattersv3of netal |lines 20. Spin-on

pol yner 26 ie:cheat adaoVv ' iR%Chxidde qgﬁ¥ j ;0 l.angri zation
et chback using'CHF[e??]?%F%%?#?*Eﬁgﬁhs r?xhgg a se 2@%?v??§1§F%g§%de to the
spi n-on pol yoaitialy 226hds Péen |dtiHadatrdyi dvét ehe? 1 Glet@iChRAEK 34 he

pol ymer over the wide netal |ine 31 has been -3- etched away to the
under | yi ng ®¥pdsinghshannetakf2®ctive

Co-pending U.S. Patent Application Serial

No. (CS96-033) ta J. Z. Zheng et al filed on

teaches a.combination anti-reflective

coating and polish stop layer to improve gap-filling and
pPlanarization of a dielectric layer. U.S. Patent 5,262,348
fo 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 prevent dishing. U.S. Patent 5,324,690
to Gelatos et al teaches forming a ternary boron nitride £ilm
as a polish stop layer. U.S. Patent 5,385,866 to Bartush
tgaches using an oﬁidized 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.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the
invention to provide a process for improving the gap filling
and planarization characteristics of the dielectric layer in

the fabrication of integrated circuits.



coating 22 has been etched away over the thin netal |ines 33, exposing the
netal 20. Co-pending U S. Patent Application Serial No.

(CS96-033) to J. Z. Zheng et al filed on teaches a
conmbi nation anti-reflective coating and polish stop |layer to inprove
gap-filling and planarization of a dielectric layer. U S. Patent 5, 262, 348

to Bindal et al shows a nethod of formng nitride polish stops in the
bottom of apertures. U.S. Patent 5, 3627669 to Boyd et al teaches forming a

polish stop layer in the myddig gf e@-¥hdle dyi@eh k0L RLEYENt di shing. U S
Patent 5,324,690 to Celatos et al teaches fgrningkatgérﬁéyﬁp %?bﬁgﬁitride

filmas a poprovidsd ap grtyiss ¥ob. giif! £IT1 inB8Mi%BOuLesBaf iRAGRRS Usi ng
an oxi di zed boron nitride polish stop layer. U S. Patent 5,246,884 to Jaso

et al teachespPin-vD mhlywmexs.or di anond-1i ke carbon polish stop | ayer
SUMVARY OF THE | NVENTI ON
It is yet another object to provide a process

for iqproving the integrity of the underlying oxide and metal

lines when planarizing a spin-on polymer dielectric layer.

Still another object of the invention is to
insert a nitride layer as an etch stop in an oxide-nitride-
oxide dielectric layer underlying a spin-on polymer to
preserve the integrity of the underlying metal lines during

rlanarization.

'In accordance with the objects of the
invention, a method for preserving the integrity of the
uﬁderlying metal lines dur;ng planarization by inserting a
nitride layer as an etch stop in an oxide-nitride-oxide
dielectric layer underlying a spin-on Polymer is achieved.
Semicopductor device structures are provided in and on a
senmiconductor substrate. A conducting'layer is deposited
overlying the surfaces of the semiconductor device structures
and patterned to form conducting lines wherein é gap is
formed between the conducting lines. A first dielectric

layer is deposited over the surfaces of the conducting lines



Accordingly, it is a primary object of the invention to provide a process
for inproving the gap filling and pl anarization characteristics of the
dielectric layer in the fabrication of integrated circuits. -4- It is a
further object of the invention to provide a process for gap filling which
uses sil sesqui oxane spin-on polymers. I's yet another object to provide a
process for inproving the integrity of th? underlying oxide and nmetal |ines
when planarizing a spin-on polymer dielec ric layer. Still another object

O e b nvent LlBrLa [l PO BUBELPR LAXAL: BT BLOR SLER, D

oxi de-nitride- oxi elec
layer 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 second dielectric layer.is etched
back_so that the second dielectric layer remains only withiﬁ
the gap wherein the etcﬁ stop layer preserves the integrity
of the underlying conducting lines. A third dielectric layer
is deposited over the first and second dielectric layers. Tﬁé
third dielectric layer is planarized completing the
fabrication of the integrated circuit device. Alternatively,
instead of etching back the second dielectric layer, chemical
mechanical polishing (CMP) is used to planarize the layer
wherein the etch stop acts as a CMP stop. A third dielectric
layer is then deposited over the planarized substrate to

complete fabrication of the integrated circuit device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 and 2 are cross-sectional

representations of a process of the prior art.



Jporeserve the integrity of the underlying netal lines during planarization.
In accordance with the objects of the invention, a nethod for preserving
the integrity of the underlying netal |ines during planarization by
inserting a nitride layer as an etch stop in an oxide-nitride-oxide
dielectfic layer underlying a spin-on polyner is achieved. Sem conductor
device structures are provided in and on_.a sem conductor substrate. A
conducting |ayer is deposited overlying the surfaces of the sem conduct or

device structures and patterned to.f ctln i nes wherein a gap is
formed between the conduct i ngﬁlqsneg %\ ?‘1‘? c?reﬁ thcﬁs SF&W:’P“F‘S deposi t ed

over the SurfaE@ﬁrQ@eﬁfﬁ%fﬁH&“&?”aﬂkabﬁeﬁreferfkd embodiment of the

present invention.

Figs. 6 and 7 are cross-sectional
representations of a second preferred embodiment of the

present invention.

Fig. 8 is a cross-sectional representation of
a completed integrated circuit device fabricated according to

the method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention will be

described in detail with reference to Figs. 3 through 8.
Figs. 3 through 5 illustrate a first preferred embodiment of
the present invention. Referring now more particularly to
Fig. 3, there is shown a semiconductor substrate 10, in which
may be formed semiconductor device strucgqges which may
inclﬁde a polysilicon gate electrode 14 and source énd drain
regions 16._ An insulating layer 11 covers the semiconductor
device structures. The insulating layer 11 is planarized
such as by chemical mechanical polishing (CMP). A layer of

conducting material 20 is deposited over the surface of the



wherein the first dielectric layer contains an etch stop |ayer wherein the
gap remai ns 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 second dielectric |layer is etched back so
that the second dielectric layer remains only within the gap wherein the
etch stop layer preserves the integrity of the underlying conducting |ines.
Athird dielectric layer is deposited ovér—-the first and second dielectric
| ayers. The third dielectric layer is planarized conpleting the fabrication
of the integrated circuit device. Alternatively, instead of etching back

the second di elsemtiebadhay6t  subiiiaral. MPABABOSAkcPR] HtaFi6EVRLyi Seused to
pl anari ze the | ayer wherein the etch stop acts as a CVW° stop. A ¥hird
dielectric | aymetad,t hechdepdBiATHN/ALeCut, hBi pT 86T 200 Gybskr @i gatocu.
conplete fabrication of the integrated circuit device. BRI EF DESCRI PTI ON OF
THE DRAW NGS An anti-reflective coating (ARC) 22 is formed over the

conducting layer. The conducting layer 20 aﬁd ARC layer 22

are patterned to form conducting lines, as shown in Fig. 3.

An oxide-nitride-oxide dieléctricllayer is
formed over the patterned conducting layer. A first thin
oxide layer 32 is deposited over the conducting lines. This
layer is deposited by plasma enhanced chemical vapor
deposition (PECVD), sub-atmospheric cheﬁical vapor deposition
(SACVD), or high density plasma chemical vapor depasition
(HDPCVD) to a thickness of between about 500 to 2000
Angstroms. A second nitride layer 34, comprising silicon
nitride (SiaN«), silicon oxynitride, or boron nitride, is
deposited by PECVD or low pressure chemical vapor deposition
(LPCVD) over the first oxide layer to a thickness of between "
aboﬁt 100 to 1500 Angstroms. The nitride layer will act as.
an etch stop layer. A third oxide layer 36 is deposited by
PECVD, SACVD, or HDPCVD over the nitride layer 34 to a

thickness of between about 500 to 3000 Angstroms.

A low dielectric constant spin-on polymer 38
is coated over the oxide-nitride-oxide dielectric layer. The

polymer may be an organic or inorganic silsesquioxane



I'n the acconpanying drawi ngs forming a material part of this description,
there is shown: Figs. 1 and 2 are cross-sectional representations of a
process of the prior art. -6- Figs. 3 through 5 are cross-sectional
representations of a first preferred enbodi nent of the present invention.
Figs. 6 and 7 are cross-sectional represegtations of a second preferred
enbodi nent of the present invention. Fig. 8 is a cross-sectional

R e R
thickness of between about 3000 to 5500 Angstroms. Reflow
occurs during the baking of the spin-on polymer which is done
at a temperature of between about 100 and 200 <C for between
about 5 and 120 seconds. The dielectric constant of spin-on
polymers is typically between abcout 2.0 to 3.6. Typically, _
the dielectric constant Qf.spin-gn-glass is greater than 3.0.
The process of the invention can apply fo a ' coating of spin-
on-glass rather than a spin-on polymer. However, spin-on-

glass is not reflowable.

) Referring now to Fig. 4, the spin-on polymer
38 is etched back using CHF3/CF+ chemistry having the
appropriate selectivity. Those skilled in the art will be
able to determine the appropriate selectivity by
experimentation with CHF3/CFa gas ratios of between about 0

and 20.

The spin?on polymer is etched back until it is
removed from over the wide conducting lines 30; that is,
those lines greater than about 10 microns in width. The
nitride etc@ stop layer 34 prevents further etching of the
thin conducting line stacks 33, less than about 10 microns in

width.



DESCRI PTI ON OF THE PREFERRED:-EMBCDI MENTS The process of the present _

I nvention will be described in detail with reference to Figs. 3 through 8.
Figs. 3 through 5 illustrate a first preferred enbodi ment of the present

i nvention. Referring now nore particularly to Fig. 3, there is shown a

sem conductor substrate 10, in which may be forned sem conductor device
structures which may include a polysilicom gate el ectrode 14 and source and
drain regions 16. An insulating |layer 11 covers the sem conductor device
structures. The insul ati ngetgyer thicksopideakaved 4udis depbgpitednmedl
mechani cal polishing (CWP). A |layer of conducting material 20 is_deposited
over the swlEagrised;hsuch ag by ShepdRalperbantal Aadistdadc 68t i ng

material ”%é %%own in Fig. 5 to complete planarization of the

interlayer dielectric 1aygr.

a secoﬂh preférréd embo@imeﬁtQOf.the ﬁrésent:
invention will;be described with reference toTFigs. 6 and 7.
Conducting lines are-tofmed and the oxide-nitride-oxide
dielectric layer is formed as is described with feferénce to
Fig. 3. The spin-on pdlymer 38 is coated over the dielectric
layer, as taught above. Instead of the etchback qf the spin-
on polymer illustrated in Fig. 4, Fig. 6 illustrates an
alternative. The substrate is polished using chemical
mechanical polishing (CMP). The nitride layer 34 acts as a
CMP stop, resulting in the planarizeq-substrate illustrated
in Fig. 6. Finally, a thick layer of oxide 40 is deposited
o;er the planarized substrate to a thickness of between about
3000 to 6000 Angstroms, as illustrated in Fig. 7 to complete

the intérlayer dielectric layer.

After either the first or second embodiment of
the invention, via openings @ay be etched through the
dielectric layer to form desired electrical conmnections, for
example to underlying sémiconductor structures or to

conducting lines 20, as shown in Fig. 8. The via openings



retal, such as Ti/TiNA -Cu, Ti/TiNTi/A -Cu, or Ti/A -Cu. An :
anti-reflective coating (ARC) 22 is fornmed over the conducting |ayer. The
conducting |layer 20 and ARC | ayer 22 are patterned to form conducting
lihesy as shown in Fig. 3. An oxide-nitride-oxide dielectric layer is
formed over the pattérned conducting layer. Afirst thin oxide |ayer 32 is
deposited over the conducti ng lines. Thil® +ayer is deposited by plasm
enhanced chem cal: vapor E05| ti on,  (PECVD), sub-atnpspheric cheni cal vapor

deposi tion (SRS 11&Fdhl"g h i nCPRIRHIRG BALREARL af2 ilbish dedp HSELRERED
(HDPCVD) to a thi ckn lfﬁgrt#/?e fona%qé’tthéogn%gggggo An str m% A gecond

nitride |ayer 1'??4(:0('5“ rcon nitride oxynltrlde
r boron nitride, is dep05| ted by PECVD or |ow pressure chem cal vapor
deposition (LPCVD) over the first oxi.de |layer to a thickness of between
about 100 to 1500 Angstrons. ThBeproddssiotl aper invbht86h Pssultsetigh stop
| ayer. A th| rd oxide |ayer 36.is deposited by
1mproved gap filling and 1mproved planarity of the intermetal
dlelectrlc 1ayer wh11e preserving the integrity of the

underly:.ng d:.electrlc ],ayex: and cond_uctlng lines.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in ferm and details may be
made without departing from the spirit and scope of the

invention.
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PECVD, SACVD, or HDPCVD over the nitride |ayer 34 to a thickness of between
about 500 to 3000 Angstrons. A low dielectric constant—sp;n_on_p_‘y_‘__gg
i s coated over the oxide-nitride-oxide dielectric Iayerﬂuﬁi nmer nmay be

an organic or inorganic silsesquioxane -8- pol ymer 'ﬁmlm"’

deposited by spin-coating to a thickness of between ab
Angstrons. Refl ow occurs during the baktng 10f the spin-on polymer whi ch is
done at a tenperature of between about 100 and 200 C for between about 5

and 120 seconds. ﬂkacgég yplcg%ﬁggééﬁgréyb %B'EnQQgPQL¥§fE§Eé&it ypically

bet ween about 2.0 to 3.6. el ectric®cons
of . spi n-on- gl ass dsvixdLdMpriiBaAg3. 0. The process of the invention can

apply to a coating of spin-

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

depositing a conducting layer overlyiﬁg the
surfaces of said semiconductor device structures and .
patterning said conducting layer to form.conducting
lines wherein a gap is formed between said cbnducting
lines;

depositing a first dielectric layer over the
surfaces of said conducting lines wherein said first
dielectric layer contains an etch stoﬁ layer wherein
.éaid gap remains between said conducting lines;

depositing a.second dielectric layer overlying said
first dielectric layer wherein said gap is filled by .
said éécond d;electric layer; |

etching back said second aielectric 1ayer-so that
séid second dielectric layer remains only within said
gap wherein said etch stop layer preserves the integrity
of said underlying conducting lines;

depositing a third dielectric layer over said
first_and"second dielectric layers; and

planarizing said third dielectric layer completing

the fabrication of said integrated circuit device.

is Sheet Has Been Reilaced
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en-gl ass rather than a spin-on polymer. However, spin-—efn—gtass—+sHot—

refl owabl e. Referring nowto Fig. 4, the spin-on poly
using CHF[err]/CF[err] chem stry having the appropria
skilled in the art will be able to determ ne the appr

(U0 R

back:
hose
y by

experinmentation with CHF[err]/CF[err] gasqpatios of between about 0 and 20.
The spin-on polyner is etched back until it is renoved fromover the w de
conducting |ineg-38; metked jaccanddsg tPrekaip datvhereiansabdut 10 microns in

w dth. The nitride et¢ch stop | ayer 34
conducting |inefdfgEkE1akec §§§é%FW&ﬁ SOBRELSERS | Figsd

having a thickness of between about 500
Angstroms, said etch stop layer overlyin
first oxide layer having a thickness of
100 and 1500 Angstroms and a second oxid
overlying said etch stop layer having a

of between about 500 and 3000 Angstroms.

Pride diaver
and 2000

g said
betwgen about
e layer

thickness

3. A method according to Claim 1 wherein said etch stop

layer comprises silicon oxynitride.

4. A method according to Claim 1 wherein said etch stop

layer comprises boron nitride.

5. A method according to Claim 1 wherein said etch stop

layer comprises silicon nitride.

6. A method according to Claim 1 wherein said second

dielectric layer comprises a spin-on pol

ymer.

7. A method according to Claim 1 wherein said second

dielectric layer comprises an organic si

spin-on polymer.

lsesquioxane

revents further etching of the thin



-9- Next, a thick oxide layer 40 is deposited and planarized, such as by
chem cal nechanical polishing (CW), as shown in Fig. _5 to conplete

pl anari zation of the interlayer dielectric layer. A second preferred ;
enmbodi ment of the present invention will be described \(ﬁml”

Figs. 6 and 7. Conducting lines are formed and the oxi “ﬂ"mﬁ:ﬂmum !
dielectric layer is forned as is described with ref erence to |g 3 The
spin-on polymer 38 is coated over the di 8ectric |ayer, as taught above.

| nstead of the etchback of the spin- on polyner illustrated in Fig. 4, Fig.
6 illustrates an a#! ek ndtihodl abkerdihgttatGlainm powhebednusiiW sdrdrLcal
mechani cal polishing (CMP). The nitride |ayer 34 acts as a CWP stop,
resulting in the plimkadtzd layest comprisds oy dnotgani€i gildesqiiici@iney, a
thick | ayer of oxide 40 is deposited over the planarized substrate to a

t hi ckness of bet we¥RiBnRsytPolymer.

9. A method according to Claim 1 wherein.said second

dielectric layer comprises a spin-on-glass material.

10. A method according to Claim 1 wherein said

planarizing is done by chemical mechanical polishing. -

11. A method of manufactﬁring an integrated circuit
device comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

covering said éemiconductor device structures with
an insulating layer;

depositing a first conducting layer overlyiné said
insulatiné layer and patterning said first conducting

layer to form conducting lines wherein a gap is formed

between said conducting lines;

depositing a first dielectric layer over the
surfaces of said cbnducting lines wherein said first
dielectric layer contains an etch stop layer wherein
said gap remains between said conducting lines;

depositing a second dielectric layer overifing said



.3000 to 6000 Angstroms, as illustrated in Fig. 7 to n;galete t he intertayer
e

dielectric | ayer . After either the first or second e ﬂﬂ,umm,'ﬂ"lf
orm

i nvention, via openings may be etched through the di
desired electrical connections, for exanple to underlylng sehi donductor
structures or to conducting i nes 20, as;,shown in Fig. 8. The via openings
- 10 - are filled with a conducting nmaterial 42 which is patterned to

conpl ete fabric&tiret d@fiellleetriice Yaatead Widrdlin s3ad eap Ehe Mraees vl the
invention results in inproved gap filling and inproved planarity of the
i nternetal diel setidi selcapdr dilellectpriesdrayiexg the integrity of the
underlying dielectric |ayer and conducting |ines.
planarizing said first and second dielectric layers
wherein said etch stop preserves the integrity of said
underlying conducting lines;
depositing.a third dielectric layer over said
planarized first and second dielectric layers;
etching via openings through said first, second,
and third dielectric 1ayérs and said insulating layer to
underlying said semiconductor device structures and to
" said conducting lines; and
filling said via openings with a'segond conducting

layer to complete electrical connections in the

fabrication of said integrated circuit device.

12. A method according to Claim 11 wherein said first
dielectric layer comprises a first oxide layer having a
thickness of between about 500 and 1000 Angstroms, said
etch stop layer overlying said first oxide layer having
a,thickness of between about 100 and 1500 Angstroms and
a second oxide layer overlying said etch stop layer .
having a thickness of between about 500 and 3000

Angstroms.



Wiile the invention has been particularly shown and described wth —
reference to the preferred enbodi nents thereof, it wll H

those skilled in the art that various changes in forman mmmﬂ mmm'm"
made without departing fromthe spirit and scope of the ihvehtilon® s
CLAI MS -11 - 1. A nethod of manufacturingign-integrated circuit device

i Si : duct devi t d
cem conduct o sutt PuREERaH BTSRRI BorJALE h VASERLByEA1Y THeR he
surfaces of sai %&%mlggaquemﬁr&eé@ 8 15 HC bR SL A0S .

14, A method according to Claim 11 wherein said etch

stop layer comprises boron nitride.

15. A method according to Claim 11 wherein said etch

stop layer comprises silicon nitride.

16. A method according to Claim 11 wherein said second

dielectric layer comprises a spin-on polymer.

17. A method according to Claim 11 whefein said second
dielectric layer comprises an organic silsesquioxane

spin-on polymer.

18. A method according.to Claim 11 wherein said second
dielectric layer comprises an inorganic silsesquioxane

spin-on polymer.

19. A method according te Claim 11 wherein said

plaqarizing is done by chemical mechanical polishing.

20. A method of manufacturing an integrated circuit - -

device comprising:



patterning said conducting |layer to formconducting |ines—wherein_a gap is

S
formed between said conducting lines; depositing a first;gisgi | c | ayer
over the surfaces of said conducting |lines wherein said Hﬂ’,@i’m&u(ﬂﬂ "m’ .l
| ayer contains an etch stop |layer wherein said gap remains i
conducting lines; depositing a second dielectric |ayer overlying said first
dielectric layer wherein said gap is fiH¥d by said second dielectric

| ayer; etching back said second die)ectric.layer. so that said second

dielectric layer remai §°3nfy i #rp %ﬁﬁﬁTeGabxﬁH%?E?ﬂgs%ﬁXF%ﬂQﬁ?ﬁé&éﬁglayer
preserves the '”tﬁﬁgdﬂdbdﬁhcﬁékd% VI %tggggugﬁhgg?llnes; depositing a

third dielectric |ayer over sai I rst and secon ectrtc | ayers; and
pl anari zi ng sai d tddnfiGtohidglc@et’ §6bdEee;conpl eti ng
depositing a conducting layer overlying said
planarized insulating layer and patterning said
conducting iayer t? 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 and wherein said
first dielectric layer comprises a first oxide layer
underlying a nitride etch stop layer underlying a second
oxide layer; N
depositing a second dielectric layer overlying said
first dielectric layer wherein‘said gap is filled by
said second dielectric layer;
etching back.said second dielectric layer so that
said second dielectric layer remains ..only within said
gap wherein said etch stop layer preserves the integrity
of said underlying conducting lines;
depositing a third dielectric layer over said firét
and second dielectric layers; and
planarizing said third dielectric layer completing

the fabrication of said integrated circuit device.



the fabrication of said integrated circuit device. - 12 - 2. A nethod
according to Caiml wherein said first dielectric |ayer conprises a first
oxi de | ayer having a thickness of between about 500 and s
said etch stop layer overlying said first oxide |ayer hmﬂm"mrm“ummu of
bet ween about 100 and 1500 Angstrons and a second oxi de [ayér over| i ng
said etch stop layer having-a thickness of tretween about 500 and 3000
Angstrons. 3. A nethod according to Claim1l-wherein said etch stop |ayer
conpri ses silicodloxPnmeEned agconding RedCaadnr 4P nghexe il #and afiviy ei n sai d

h I r ri ron nitride.
etch stop laye %%gB i%%%rbgbéiriéés é%iicon oxynitride.

22. A method according to Claim 20 wherein said etch

stop layer comprises boron nitride.

23. A method according to Claim 20 wherein said etch

stop layer comprises silicon nitride.

24. A method according to Claim 20 wherein said second

dielectric layer comprises a spin-on polymer.

25. A method according to Claim 20 wherein said second
dielectric layer comprises an organic silsesquioxane

spin-on polymer.

26. A method according to Claim 20 wherein said second
dielectric layer comprises an inorganic silsesquioxane.

.Spin-on polymer.



5. A nmethod according to Claim1 wherein said etch stop | ayer conprises
silicon nitride. 6. A method according to Claim1 wherein said second
dielectric |ayer conprises a spin-on polymer. 7. A nethod according to
Claim 1 wherein said second dielectri c | ayer conpri ses an organic

si | sesqui oxane I n-on

wher ei n sai dNE'EFe"(%ﬁdAleiglg %&@Pg“#‘fng rpggﬂ'%é,}léﬁg 9#@ fﬁ%%ﬂ%f%%ﬁ%ﬁzgi ane
spi n-on polyner. 9. A RROgA ere| sal second
dielectric layer conprises a spin-on-gSBRAGTaterial. 10. A nethod according
to Caim1l wherein said

A method for preserving the integrity of the underlying

metal lines durxng_planarlzatlon by inserting a nitride layer
as an etch stop in an oxide-nitride-oxide dielectric layer
underlying a spin-on polymer is described. _Semiconducfor
"device structures are provided in and on a semiconductor
substrate. & qonductiné layer is deposited overlying the
surfaces of'the semiconductor device structures and 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 first
dielectric layer contains an etch stop layer wherein the gap
remains between the conducting lines. A second dielectric
layer is deposited overlying the first dielectric layer
wherein the gap is filled'ﬁf the second dielectric layer.

The second dielectric layer is etched back so that the second
dielectric layer remains only within the gap wherein the etch
stop layer preserves the integrity of the underlying
conducting lines. A third dielectric layer is deposited over
the first and second dielectric layers and planarized.
Alternatively, instead of etching back the second dielectric
layer, chemical mechanical polishing (CMP) is ﬁsed to
planarize the layer wherein the etch stop acts as a CMP stop.
A third dielectric layer is then deposited over the substrate

to complete fabrication of the integrated circuit device.

(FIGURE 3 IS SUGGESTED FOR PUBLICATION)



_planarizing is done by chem cal mechanical polishing. 11. A nethod of
“manufacturing an integrated circuit device conprising: providing

sem conduct or device structures in and on a sem conductor substrate;
covering said sem conductor device structures with an insulating |ayer;
depositing a first conducting |ayer overlying said insulating | ayer and
patterning said first conducting layer to formconducting |lines wherein a
gap is formed between said conducting |lingsg; depositing a first dielectric
| ayer over the surfaces of said conducting |ines wherein said first
dielectric layer contains an etch stop |layer wherein said gap remains

bet ween sai d conducting |lines; depositing a second dielectric |ayer
overlying said :
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- 14 - first dielectric layer wherein said gap is filled by said second
dielectric layer; planarizing said first and second dielectric |ayers
wherein said etch stop preserves the integrity of said underlying
conducting lines; depositing a third dielectric |ayer over:said planarized
first and second dielectric |ayers; etching via openings through said
first, second, and third dielectric layers and said insulating |ayer to
under |l yi ng said sen conductor device stazgpyres and to said conducting
lines; and filling said via openings w th a second conducting |ayer to
conplete electrical connections in the fabrication of said integrated
circuit device.
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12. "A nethod according to Claimi1l wherein said first dielectric |ayer
‘conprises a first oxide |ayer having a thickness of between about 500 and
1000 Angstrons, said etch stop |ayer overlying said first oxide |ayer
havi ng a thi ckness of between about 100 and 1500 Angstrons and a second

oxi de | ayer overlying said etch stop | ayer having a thi.ckness of between
about 500 and 3000 Angstrons. -15- 13. A nmethod according to Claim11
wherein said etch stop | ayer conprises silicon oxynitride. 14. A method
according to Caim1ll wherein said etch op | ayer conprises boron nitride.
15. A'nmethod according to Caim1ll mherg?n said etch
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Stop layer conprises silicon nitride.

—‘wherein said second dielectric layer conprises a spin-on pol ynmer.

16. A net hod according to Claim11l:

17. A

met hed according to Caim 11 wherein said second dielectric |ayer conprises

an organi c sil sesqui oxane spi n-on pol yner.
11 wherein said second dielectric |ayer conpr
si | sesqui oxane spin-on polyner. 19. A nethod
said planarizing is done by chem cal

nmechani cal
manuf acturing an integrated circuit dél4ce conprising:

18.. A method according to Claim

I ses an i norganic

according to Caim1ll wherein
polishing. 20. A method of
- 16 -
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previding a planarized insulating layer overlying sem conductor defsce
" structures in and on a sem conductor substrate; depositing a conducting

| ayer overlying said planarized insulating |layer and patterning said
conducting layer to formconducting |ines-wherein a gap is fornmed between
sai d conducting lines; depositing a first dielectric |ayer over the
surfaces of said conducting |ines wherein said gap renai ns between said
conducting lines and wherein said first dielectric | ayer conprises a first
oxi de | ayer NReREhYi £ v HidHEAEKeDRhCEP OPrOmyRN LNTERLAYERYDAEEBCORIC oXi de
| ayer; depositing a second dielectric layer overlying said first dielectric
| ayer wher ei PLARARIgRPION INCARFORAFING HOW RUHECH R e GONSTANRY EPINZPR hi ng

back said second dielectric |layer so that
POLYMER
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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 preserving the integrity of a
SPin;on polymer gap filling material during planarization of

a dielectric layer in the fabrication of integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART
The new generation of low dielectric constant
organic and inorganic silsesquicxane spin-on polymers have
the unique property of thermal reflow thét improves the
planarity and gap filling characteristics of the interlayer

dielectric. The thermal reflow property is more pronounced



.said second dielectric layer remains only within said gap wherein said etch
stop layer preserves the integrity, of said underlying conducting |ines;
depositing a.third dielectric |layer over said first and second dielectric

| ayers; and planarizing said third dielectric |ayer conpleting the
fabrication of said integrated circuit device. - 17 - 21. A nethod
according to Claim20 wherein said etchistop | ayer conprises silicon
oxynitride. 22. A nethod according to Claim20 wherein said etch stop |ayer
conpri ses bor @dreniftililed. w28h A cendittingcortdenyal o4 wh e G svpaittiernedi d

etch stop layer conprises silicon nitr.ide. .
to complete fabrication of the integrated circuit device.

The process of the invention results in
improved gap filling gnd improved planarity of the intermetal
die}ectric iayer while preserving the integrity of the

underlying dielectric layer and conducting lines.

While the invention has been particularly

shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.
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24. A pethod according to Caim20 wherein said second-dLeLecLLLa_Laye[
conprises a spin-on polyner. 25. A nethod according to ¢ aim 20 wherein

sai d second dielectric layer conprises an organic sil sezH H lﬂﬂlmjﬁm
polymer. 26. A nmethod according to C aim20-wherein sai
| ayer conprises an inorganic silsesquioxane spin-on polyner.

CLAI

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

providing semiconductor device structures in and on
a semiconductor substrate;

depositing a conducting layer overlyiﬁg the
surfaces of said semiconductor device structures and
patterrning said conducting layer 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 first
dielectric layer contains an etch stop layer wherein
said gap remains between said conducting lines;

depositing a second dielectrig layer overlying said
first dielectric layer wherein said gap is filled by ..
said éécond dielectric layer;

etching back said second dielectric layer so that
s&id second dielectric layer remains only within said
gap wherein said etch stop layer pregerves the integrity
of said underlying conducting lines;

depositing a third dielectric layer over said
first and second dielectric layers; and

planarizing said third dielectric layer coﬁpleting

the fabrication of said integrated circuit device.
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