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GAP FILLING PROCESS IN INTEGRAEED CIRCUITS USING LOW

DIELECTRIC CONSTANT MAIERIALS

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION

This ‘invention relates .to a method of fabrication used

for semiconductor integrated'circuit devices, and more .

"_speclflcally it relates to structures for reduclng '

capacltance between closely spaced 1nterconnectlon 11nes of

integrated c1rcu1ts. In partlcular, it pertalns to

‘structures and methods for 1mprov1ng adhes;on and preventlng

micro cracks 1n low dlelectrlc constant materials when used
in conjunctlon w1th conventlonal dzelectrlc materlals as

1ntermetal dlelectrlcs (IMD).

(2) DESCRIPTION OF '-P'RIOR- ART

Integrated clrcults and the progress made in 8111con

Technology has contlnued to shrink the size of devices. This

has 1ed_to_closer and closer spacing of 1nterconnectlon
linés. As spacing becomes closer, the capacitance between

adjacent lines has increased, asgdevice;geometries shrink_-

- and circuit densities increase. The capacitance between



lines is directly related to both the distance between the

. lines and dielectric constant of the material in between the

lines. Hence, é low dielectfic material between the closely

' spaced interconnect lines 'is beneficial in reducing the

- capacitance. .

In 0.25 m;créh, or below (e.g., 0.18, 0.13 um),
technology_thé.péfforma6§e~i§ limited by the;ipﬁerﬁéﬁneét
line aelay,“with.lihekﬁo-lipé'capacitapgé being gféat1y=
afféctéd by RC delay of tﬁé;lihes, a;.line'éidth.and line

‘space becomes less than about 0.3 microns.

. Therefore, the introduction of low dielectric materials

betﬁeén'the'closgly sPaced-interconnect, transmiSSion_lines"'

. can greatly enhance the integrated circuit performance in

terms of speed, by 1dw9:ing'thé RC time constants.

 U.S. Patent 5,818,111 entitled “Low Capacitance -

Inte:éonnect Structures  in integrated_Circuits'Usiqg a Stﬁék

of Low DielectricSMaté:ials” granted Oct.§, 1998 to Jeng éndf

Taylor describes a methéd and structure for integrating'

- hydrogen éilsesquifoxane.(HSQ) and other low dielectric

méterials, which have undésirable prdperties,-into

‘integrated circu;t'structuies and'prbcesses. A stabilizing |



layer is inserted:between layers of low dielectric constant

films. A layer of low dielectric constant HSQ is_spun_over

and in between metal interconnect-lines with a thin layer of

. ilicon dioxide used as a stabilizing layer on top.

Alternating layers of HSQ and thin 5111con dioxide are
fabricated together Wlth multilevel metal structures.
Finally, a thick silicon dioxide layer for planarization is

placed_on top of the multi-level metal laYerhstructures.

US Patent 5,759, 906 entitled “Planarization 'Method for
Intermetal Dielectrics Between Multilevel Interconnections
on Integrated Circuits" granted Jun 2, 1998 to Lou

describes a method for making a planar intermetal dielectricf,

_1ayer (IMD) for.multilevel electrical interconnections on

ULSI c1rcu1ts. The method involves forming metal lines on

-whioh is depos1ted a conformal PECVD oxide. A.multilayer of - |

spin-on glass (SOG), cqmposed_of at least four layers,.is
deposited and baked'at‘eleﬁated’temperatﬁres and long times
after.eaeh'layer to_minimize the poisoned via ﬁroblem. After

depositing a silicon dioxide layer on the SOG, the layer is

_partially chemical/mechanically polished to provide the

des1red, more global planar, IMD ‘The method can be repeated'

for multilevel metal lines;



ﬁs Patent 5, 385, 866 entltled “Pollsh Planarlzlng Uslng
:-Oxldlzed Boron N1tr1de as a Polish Stop” granted Jan. 31,
1995 to Bartush shows a method of pollshlng of a non—planar
surface layer on a semlconductor substrate usxng an oxldlzed
_-boron nitride pollshlng stOp layer The oxidized boron-r |
nitride polish stop'}ayer_ls-selectlvelywpollshed-re;atlve
to the.n55=p1aﬁgr'sqrface.iayer. The oxidized boron nitride
acts as a polishing'stop layer.for the process.over'an'EET

gate structﬁre.

us Patent 5 821 621 entltled “Low Capac1tance

_Interconnect Structure for Integrated C1rcu1ts” granted Oct )
13, 1998 to Jeng shows a method for 1ntegrat1ng polymer and _
other low dlelectrlc constant materlals, which may have |
undes1rable phys1ca1.propert1es, 1nt0'1ntegrated clrcurts
'structures and processes, espec1ally those requlrlng. E
;multlple levels of 1nterconnect lines. It comb;nes the use -L
of silicon dlox;de w1thllowld1e1ectrlc constant materials.
. The low dielectric.constant'materiais'are-spun-on and
-deflned by photollthography to be only-in the cr1t1cal areas
between 1nterconnect llnes After planarlzatlon, the process

'steps can be repeated for“multlple 1nterconnect layers..~



‘SUMMARY OF THE INVENTION

It is the general object of“the present invention to

'provzde an 1mproved method of fabrlcatlng semlconductor
'Lntegrated c1rcu1t dev:ces, speclflcally by descrlblng an
.1mproved process of fabrlcatxng mult11eve1 metal structures .

'uSLng low dlelectrlc constant materlals. Furthermore, the

present 1nventlon relates to .an 1mproved method for

'.fabrlcatlng stable and planar 1ntermetal dlelectrlc

materlals, uslng low d1e1ectr1c constant materlals.

The nethod.by-the first embodiment of this invention,
uses a stabilizing adhesion*layerhhetween the-bottom; 1ow

dielectric constant layer and the top dielectric layer. The

advantages:of-the stabilizing adheeion.layer are: (i)
.- improved adhesion'and'stabiiity of the.low_dielectric'iayer,o

- and the top dielectric'oxide5 (ii)"over all layer thicknesei

of the dlelectrlc layers can be reduced hence low1ng the

_paras1t1c capac;tance of these layers.

In ‘the second'embodiment of the present invention, the
method uses a multi-layered “hard mask” on metal
interconnect lines with an ﬁnderlying silicon oxynitride

DARC, dielectric anti-reflective coating. The term hard mask



_.refers to these layers that exhlblt res1stance to belng

_ chem1ca1—mechan1cal pollshed (CMP) back in. the planarlzatlon

process. A double coatlng ‘scheme of low dlelectrlc constant

1nsu1ators are used in th1s appllcatlon of the 1nventlon.

lISeveral advantages are achleved by this method' (i)

1mproved global planarlzatlon with low dlelectrlc constant '

mater1a1 used 1n conjunctlon with hard mask (11) adhes1on

and stabilizing materlal used-between_low d1e1ectr1c

material and,oxide'dielectr;c'(iii)_ double.coat of low

_ dielectric material-for-whole interlevel metal dielectric

(IMD) stack;

Still another object of ‘this invention, is the third
embodiment of the present invention, a multi-layered_hard[
mask stack over the interconnect metal lines with silicon

oxynitride DARC, dielectricfantiireflective coating, is

" used, and in_addition,_an adhesion and stabilization layer

is used between the low dielectric material and the top
dielectric layer. In this application of the inventionﬁ
several advantages are . achleved (i) 1mproved global

planarlzatlon (11)' reductlon of outgasszng and via.

pbiSoningll(iii) easy 1ntegratlon of low d1electr1c

constant material.



i

The.preeent'invention starts with conyentional '
prccessing of the semiconcuctor substrate and continues with
conventlonal process;ng up to the fabrlcatlon of the flrst
level of metal 1nterconnect llnes A detalled descrlptlon of
the_afcrementioned conventional processing is found 1n_the3

section titled, “DESCRIPTION OF THE PREFERRED EMBODIMENTS” .

Integrated-circuits and the piogrese made in Silicon -
_Technclogy has continued to shrink the size of devices. This

has led to closer and closer spacing of interconnection =

fliaes.'As spacing beccmeSHCIoéer,'the capaCitance-between_

'adjaceﬁt-linee'has increased, as device geometries shrihk-
and circuit_deqsitiee:incfease,-The capacitance between
lines is directly felatedfto bcth the'distance'between the

lines and dielectric'constant of-the,material'in'betﬁeen the

':liaes, Hence, a lcw dieiectric'material between'the clcsely"
' spaced interconnect lines iSVbeneficial_in_reducing the

~capacitance.

In quarter micron'technology aﬁ& below, the perfbrmance

is limited by the 1nterconnect 11ne delay, with llne-to-llne:-

_capacltance belng greatly affected by RC delay of the llnes,
‘as line width and line space becomes less than about 0.3

microns.



Thereforé, the introduction of low dielectric materials:

between the closely spaced interconnect, transmission lines

can greatly enhance the integrated circuit pe:fo:mance in

" terms of speed,_by iowéfing the RC time constants.

-This invention relates to a method of fabrication used "
for semicénductor'integrate¢fcircuit.devices,'and more

speCifically if.reiates to structures,for'reducing"'

capacitancé between closely spaced inte:ébnnectionﬁlines of

integrated'ci:cuité. In partiéular, it pertéins to. -

structures and methods for‘improving_adhésion and preventing

- miéro cracks in low dieléqtiic conétaht material$-wheh-used -

in conjunction with conventional dielectric materials as

. intermetal dielectrics (IMD).

- In the first embodiment of_thefpresent invention,

-conventiqnai proceSsing_ié used ﬁp_fabricaté the

interconnect metal lihes,fﬁhich'are defined on an inteflevel-

‘dielectric layer (ILD) on a semiconductor substrate. A ioﬁ

dielectric constant material is then deposited'bn'and in

between the metal interconnect lines. Key ﬁo the process. is

 the deposition of a thin'non4oxide dielectric adhesion and
_stabilization layer, such as, silicon nitride, which is

"deposited on top of the low dielectric_éonétant-layér; Other.



adhesion and stabilization layers can be used, e.g.,

| chemlcal vapor depos;tlon (CVD) of SlC and related compounds
_of BC, BCN, BN or spun on materlals . A cap SLllcon oxide is
depos;ted onto the adheszon and stablllzatlon layer and
this cap oxide helps to planarlze the.surface. Further
'planarlzatlon of the surface 1s achleved by then
chemlcal-mechanlcal polishing (CMP) of the top cap oxlde.
_Flnally in the process, v1a openrngs to contact. the metal -
'7.beiow.are fabricated_by:defining'the.via area by |
photolithography'and then etching the openings through: cap_
oxide,'thin-adhesion layeriand then.through.the low. o
dielectric'material. Conductive metal.is deposited—into.the
via opening to connect thehmetal iines'below. The excess
conductlve metal 1s then removed ‘and the surface planarized

by chemlcal—mechanlcal pol;sh (CMP)

In another embodlment of - the present 1nventlon, ap
multl-layered “hard mask” thh szllcon oxynltrlde DARC,
dlelectrlc anti-reflective coatlng, is used on top,of metal;
The tern hard mask refers:to'the.;afers reSistance7to being
:_ chemical—mechanicai polished'(CMP)'back. A layer of metalris___
deposited on the-interlevei dieleCtric layer (ILbf and'then
a muiti-layered hard'mash layer,_e}g.,hsilicon-nitride.and

silicon_oxide'laYers, are'deposited'onptop of the metal



1ayer. Thxs multl-layered hard mask layer, w1th silicon

oxynltrlde DARC, d1electr1c antl—reflectlve coatlng on top
' of metal} can just be silicon nitride alone, or Just silicon
' oxlde, or can be the comblnatlon of both silicon nitride and

_.s111con oxide. Next in the process is the masklng and

etchlng of the 1nterconnect metal llnes. Now w1th the hard

:mask in place over the def;ned metal llnes, w1th 3111con

oxynltrlde DARC, dlelectrlc anti-reflective coatlng on top

of metal, a low dlelectrlc constant layer 1s deposlted over

the surface and cured by a curlng process. The low

dielectric constant material'is chemicalémechanicalrpolished
l(CMP)'back withcthe-multiflayered hard mask in place-over_

' the metal with silicon oxYnitride DARC;'dielectric'

antl—reflectlve coatlng ‘on top of metal The surface is
planarlzed by the CMP and the CMP process stops on: the hard c

mask, remov1ng some of the hard mask in the process, e. g.,

33111con‘ox1de. SOme of the hard mask-remalns as the silicon

nitride layer. At this stage in the process, this invention
branches off into two separate embodiments, One-embodiment'

involves a another coating (the second) of'low'dielectric

constant material and followed by the deposition of another

' single or multiple'layers-of'hard mask material'on“top-of

low dielectric constant'material. The other embodiment,_

" which branches off inVolves_the use of an'adhesion'promoter
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and stabilization layer in betweeh thicker cap oxide and low
dlelectrlc layer. Comblnatlons of these two branch processes

can also be applled A more detalled descrlptlon of each

7.branch is given in the next few,paragraphs.

Ih-the secohd-embodimentfof thefinventiom, the process.
folloms the same scheme_described ahove.ﬁsing-the hard mask:'
process.'Next, a'second‘layer'of low dielectric constant
materlal or double coatlng;'ls epplled over a hard mask,

whlch con51st1ng of a non-oxlde dlelectrlc layer, such as, o

-silicon nltrlde. Another hard mask layer,-for low dlelectrlc

‘constant via open is deposited overhthe second . low

dielectric 1eyer. Thls second hard mask layer can be
composed of Just s111con nitrlde, or just s111con oxlde or

both materials. Thls-process is followed by via defznzt;on

- and etching for via openings;lConductive metal is depoSited'

and excess metal is chemicalémechanical'polished (CMP)'bach

to form electrically conductive vias to the interconnect

metal lines below.
In the thlrd embodlment of the 1nventlon, the process _'
follows the same . scheme descrlbed above using the hard mask

process._A.th;n_layer of adheslon promoter, silicon nrtrlde,f

is:deposited'bothrover the hard mask and:the_low-dielectric

11



constant layer. Next a cap oxlde layer is deposxted This
. process is followed by via defzn;tlon and. etchlng for via

openlng Conductlve metal is depos1ted and excess metal ls__

"'chemzcal-mechanlcal polished (CMP) back to form electrlcally-

-vconductlve'vlas to the 1nterponnect metal lines below.

In summary, several embodlmenﬁs of thls 1nventlon were
described: (1) the use of a non-oxlde dielectric adhes;on
promoﬁer.for cap oxide.(ii) the use of e-double-coating of

'“low[dielectricvcomsfant material and-multi—lejered herd.maskl_"
'_mateeial (ii;) the usg-of-; hard mask material, in
E mcomblnation with, the‘ysejOf'en adhesion'promotem for'cap:'
oxide. Otherlcomblnatione'of,the ebove embodiments.are |

possible and should be ﬁnde:stood ae'part of this invention.
BRIEF DESCRIPTION OF THE DRAWINGS
The object-and'other advantages of this inventlohiare
"best desoribed'in'fheldeecription of the-prefetred:
embodiments with reference to'the-attached-dreﬁings:that
- include:
Figure la which.in_oroes-seotiohal repreeentatiom

12



illustrate the prior art method of formipg low dielectric

constant gap £ill.

Figure 2 a-d illustrates one embodiment.of the present
b o invention'using a non-okide adhesion layer'between

dielectric layers.

“Figu:e_3 a-d illustrates:another set of embodiments of

the present invention using multi-layered hard mask process.

Figure 4 a,b'illustrates'use'bf a hard mask~and‘d§uble"

coating of low dielectric material.

Figuré 5-a,b shows the:ﬁse of_a'hard mask in '

cohjunctidn_with an adhesion layéfffor-dielectriéé.

DESCRIPTION OF THE PREFERRED. EMBODIMENTS

- The preéent'inventionvrelates,té;a method for o
fabricating planar intenmetal_dieleétric materials. The
method by the first embodiment uses afstabilizing'adhéSion

‘layer between the bottom low dielect:ic'conétant layef-and'

‘top dielectric layer. In the second embodiment of the

13
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present invention; the-methdd”uses7a multi-layered “hard

_mask" on metal 1nterconnect lines w1th a 5111con oxynltrlde

DARC, dielectric antl-reflectlve coatlng on top of metal

' The term multi-layered ha:d mask refers to these laye:s that

-exhibit resistance to being chemica1-mechanical poiished

(CMP)-back_in-thetplanarization process.~1n'the third_

embodiment of the ptesent ;nvention, a hard'mask'stack over

' the'interdonnect'metal lines with silicon oxynitridetDARC,

dielectric anti-reflective coating, on tdp of~metai, is.

used, and in addition, an adheeion and stabilizetion layer =
is used between the low dielectric material and the top

 dielectric layer.

As background to the present 1nventlon, a conventlonal

method of fabrzcatlng 1ntermetal dlelectrlc (IMD) 1s

';_111ustrated as:Pr1Qr_Art.;n'a cross-sect;onal sketch-ln

"Figures 1. As_showh_in Figure 1, a.semicondﬁctor'substiete 1

is the base starting'matefial,_sﬁch as single?erystalf'

‘silicon on which are formed semiconductor devices. The"

devices are not shown in:thetFigs. to simplify'theidrawihge

and the_disduseion, For example, the method caﬁ be appiied

. to integrated circuits heving devices such as field effect

transistors (FET’s), bipolar transistors and the,liﬁe'made.

in and on the substrete surface. A first insulating layer 2

14



is deposited over'the subStrate 1 having semiconductor
devaces. Preferably the first insulating 1ayer is composed
of a szlicon oxide (Si0) and is deposzted by low pressure

| 'chemical vapor depos1tion (LPCVD), or by sub-atmospheric
chemical vapor depos1t1dn (SACVD) , u81ng a.reactant gasnsuch
'as'tetraethosiloxane fTEOS) and oxygen (Ch) or'ozone'(og.
Preferably layer 2 1s deposzted to a thickness. of between '
_about 5000 and 10000 Angstroms Layer 2 serves as the -
{_pre—metal interlevel dielectric (PMD) that prOV1des

' electrical insulation of the dev:ces from the level of metal

interconnections that-are made-next.

Contact openings7(notishoun in Figs;) are etched indthe'.
first insuiating.iayer:é to.form oontacts to'the devices,
_ such as source/drainlcontact areas_and gate eiectrodestof
;FET's,'or'to emitter,'base:and-collector areas'of bipoiarn
: dev1ces. The contacts can be etched, for example,_by'
.high-denSity plasma: (HDP) etching in an etchant gas such as
tr1f1uoromethane (carg, which selectively etches the oxide
to the szlicon substrate 1 A,barrier layer, which is not
explicitly-depicted in the Figs., is deposited over the
first 1nsu1at1ng layer 2 and 1n the contact openings. The
barrier 1ayer, typically composed of titanium (Ti)/titanium f'

nitride (TiN)_or titanium tungsten (TiW) 1s used.to prevent_

15



aluminum penetratlon into the shallow Junctlons of the
jl.dev:Lces and to 1mprove adheslon A.flrst conductlve layer is
now deposited and patterned'to form defined 1nterconnectl
metal lines 4, (with. silicon oxynitride DARC, dielectric
r antl-reflectlve coatlng on top of metal), on-the'surface of h
a s111con oxlde layer 2 the 1nterlevel dlelectrlc layer
(ILD) . A low. dlelectrlc constant, low k, materlal 6 is
deposited over ahd'in-between the-lnterconnect;metallllnes.
4. Over the'low_dielectric material is a:deposlted3“cap
.silicon-oxide layer” 8 that;helps.to planarize thelSurface
" and can be chemical-mechanical polished (CMP) back to =
further planarize the'surface. Multilevel interconnect metalt
llne structures, with 3111con oxynltrlde DARC, dlelectrlc
_ antl-reflectlve coatlng on top of metal, can be fabrlcated
. by.thzs'method. The_low dlelectrzc_constant_mater;al 1h
' between and.around-the interCOnnect'metal_lines reduces the,
- parasitic capacitance of'the metal lines and hence increases
signal speed and performance.by lowering.the ﬁC tiﬁe_' |

constant of the lines. .

Several problems arise by:this'conventional method,'
shown in Fig. 1. One main concern is the adheslon of the cap
: oxlde 8 to the underlylng layer of low dlelectrlc constant

'-materlal 6. Other concerns are the . 1ntroductlon of reactlon

- 16"



gases tnat include oxygenpand nltrous-oxide gases prior to
the cap oxide depositionrifhese gasés are necessary for
reactlon chamber stablllzatlon and react with the surface of
-'the 1ow dlelectrlc constant layer, maklng adheSLOn of the

. ubsequent cap oxlde worse. The present 1nventlon solves
these'problems, aS'descrlbed~1n the following sectlon,.

starting with Figure 2.

As shown in Fig. 2a, the 1nterconnect netal llnes 4 are'u
deflned oh a semlconductor substrate 1 w1th an lnterlevel
-dzelectrlc 1ayer (ILD) 2, all w1th conventlonal process;ng
-In Flg. 2b,.one embodlment of the-present 1nventzon.Ls
1llustrated,- show1ng a low dlelectrlc constant materlal
deposmted on and in between the metal llnes 4 but now a
thin non-oxide adhes;on layer, such as, silicon nltrlde 7 is-
tdeposlted on: top of the low dlelectrlc constant 1ayer 6 |
Other adhes1on layers can be’ used, e. g., chemlcal vapor -
-deposltlon (CVD) of SicC and‘related‘compounds of_Bc, BCN, BN

" or spun on materials . =

The low dlelectrlc constant materlal is spun on
dlelectrlc (sop) , - especlally useful are organlc compounds,
‘'which are coated by the sp1n on method to a thlckness from

about 4, 000 to 12 000 Angstroms. Curlng condltlons are: l

17



hr. at 400°C, in a nitrogenpambient, with gas flow of

between 1 to 30 LM. The low dielectric constant material'has

a dielectric constant of less than 2.8.

The deposition conditions of the non—oxide, dielectric

'1ayer, such as, the silicon nitride layer are, plasma

enhanced chemical vapor deposition (PECVD): £ilm thickness

' from about 200 to 500 Angstroms, temperatures from about 300

to 400°C, depos:l.t:Lon rates from about 900 to 8, 000

Angstroms/mln, ammonla gas flow from about 80 to 200'sccm

| and sllane gas flow from about 200. to 350 sccm, with

. pressures from about 1 to 10 Torr, RF power from about 400

to 800 Watts. _

In Fig. 2c is sketched the cap silicon oxide 8 is

- deposited Onto-the adhesionVlayer 7-and this-cap oxide helps

-to planarlze the surface. Further planar;zatlon of the
surface is achleved by then chemlcal—mechanlcal pollshlng
(CMP).of the top cap oxlde, as shown-ls Flg. 2¢c. Flnally-ln

the process, Fig. 2d, v1a openlngs are fabrlcated by

: def1n1ng the v1a area 12 by photollthography and then

' etchrng the openlngs through.' cap oxide 8, thln adhes1on

layer 7 and low d1e1ectr1c mater1a1 6. Conductlve metal 14

'is deposited into the v;a openzng to connect the metal lines

18



bélow. Tne excess'conductive metal is then removed and the
| surface planarlzed by chemlcal—mechanlcal polish (CMP), as’
| shown in Fig. 2d. The cap oxlde is silicon oxlde deposited
-by plasma enhanced chemlcal vapor depos;tlon (PECVD), in the'
. thlckness range from about 4 000 to 16,000 Angstroms, and

having-a_dlelectrlc constant of about 4.0.

Another e@bodiment'of the-present invention is
.-iliust;ated.in Fig. 3. Itrcan be-termed; a'ﬁult141afered
“hard mask” on_metai with_silicon okynitride DARC;'-
dielectfic_anti—reflective coating on top of metal stackﬂ
The'tetm nardlmask-refers td’the laYers,resistanceito_oeing ;
'1cnemica1—mechanicai polished'(CMP) back. As_shown-in,?ig; |
| 3a,-a layer of metal 13:49993i£¢d on an interlevel |
dielectric_layer'Z.and then;a-hard_maSk layertof Siiicon' :
nitride 7 anc silicon oxide.laYen'9'are-deposited fhis -
'.'multl—layered hard mask (w1th slllcon oxynltrlde DARC,
dlelectrlc antl—reflectlve coatlng on top of metal stack)

can just be silicon nltr;de alone, or Just s111con oxlde, or
can be the comblnatlon of both s111con n1tr1de 7 and s111c0n5'

oxide 9,_as 'shown in Fig. 3a.

The silicon nitride deposition is the same, as

E described_eaflier,-for plasma enhanced chemical'vapon
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-.deposition,(PECVD), with nitride thickness from about 200 to

. 500 Angstroms. The deposition'conditions for the silicon

oxide above are the- follow1ng, plasma enhanced chemlcal

‘ vapor deposition (PECVD) f£ilm thickness from about 1, 000 to

- 2,000 Angstroms, 511ane gas flow from about 70 to 200 sccm,

nltrous oxlde gas flow from about 1,500 to 3, 000 sccm,
pressure from about 1 to 10 Torr, temperature from about 300

to 400%; and RF power from about 50 to 100 Watts.

" Next in the process is the masking'and_etching of the

-interconnect_metal lines, as illustrated in Fig. 3b. Now

. with the hard mask 16 in place on the metal lines,”a low

dielectric constant layer 18 is deposited over the surface -
and cured by aecuring-proceSs. This low dielectric material

is a carbon based organic polymer,_in a'thickness'range'from

" - about 4,000'to;10,906 Anéstroms,-soun on at spin speeds-from.'

about 2, ooo“to-4 000 rpm for a time of 1 minute.'The curingi

process is at 400%L for 1 hr., in amb;ent of nltrogen gas-

- with flows from about 1l to 30 sccom and 11m1t1ng oxygen

concentrate to less than 10 ppm.

- In Fig 3d, the low'dielectric constant material 18 is

_chemlcal-mechanlcal pollshed (CMP) back w1th the hard mask

16 in place over the metal The surface is planarlzed by the
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. CMP and the process stops on the hard mask, remov1ng some of
 the hard mask, e. g., s111con oxlde, in the process - As shown
_1n Fig. 3d, ‘some of the hard mask remains as the silicon

"'nltrlde layer 20 At this stage in. the process, th1s

invention branches off 1nto two separate embodlments. One
embodlment 1nvolves a double coatlng of low d1e1ectr1c
materlal and the dep031tlon of 51ngle or multlple layers of"
hard mask materlal, as sketched in Flg. 4a and Fxg. 4b. The _
other embodlment branches off to us;ng an adhesxon promoter.
and stabillzatlon 1ayer for cap:ox1de over_both_a_hard.maskJ
stack and over 1ow'dielectric oxide,_illuStrated;in Fic; 5a
and.Fig; 5b{.Combinations_of these two branch processing
schemes can_aiso be applied.'Ahmore-detailed_description of}'

‘each branch is giﬁen in the:nekt'few paragraphs; '

"As stated.above,-the'process follows the scheme
descrlbed and shown in Flgures 3a-d. Then as 111ustrated 1n':

F;g. 4a, a second layer of lcw dlelectrlc constant mater1a1

'22, or double coatlng, is appl;ed over a hard mask 20 '

con31st1ng of s111con nltrzde. Next another hard mask layer '
is deposited, Fig. 4a over the_second low dielectric 1ayer;
This_secondvhard.mask laYer 24ncan}be.composed-of'just”:
Silicon nitride, or just silicon okide or hoth-materials.

This process is foliowed by via definition and'etching for

21



via opening-26 as shown in7Fig.'4b. Conductive metal is
_ depos;ted and excess metal is chemlcal—mechanlcal pol;shed
(CMP) back to form electrlcally conductlve vias (26) to the

" interconnect metal l;nes-(4) below.

The process for tne second low dlelectrlc constant
ter1al above, is the same as described before, organlc
based polymer, spun on dlelectrlc (SOD) with a thlckness
frcm about 4 000 to 12 000 Angstroms and w1th the cur;ng |

condltlons the same as descrlbed before. The second hard

. mask process condltlons are. the same as in- the flrst hard.

mask process, descrzbed before.

. The process conditions_for via opening is tbe‘

following:' reactive iOn etch (RIB) for low-dielectricc_"

'Q-constant via-opening, RF'power from about 800_to 1, 500.5-'
‘Watts, pressure from about 300 to 800 mzlll—Torr, reactlve
_gases and flow rates N from about 100 to 300 sccnh Ha ‘from’

about 100 to 300 sccm, C.F. £from about 1 to-lo sccm.

‘The process conditions for the opening of the first -

'hard'mask layer are as foilowsﬁ reactive ion etch (RIE),'RF

- - power from about 300.to'1,000 Watts, pressure from'about 30

to 100 milli-Torr, gases and flows CHF, from about 10 to 50

22




sccm, O froin about 10 to 30 eccm,'A_r frotu about 50 to 200

- scem.

As stated above, the next embodxment of the process
follows the same scheme as descrxbed and shown in quures
a-d Then as J.llustrated :.n FJ.g 5a, a thin layer of
non—oxide adheslon promoter 7 ‘e.g., s;lzcon nztrzde, is
: depos;ted both over the hard mask 20 and the low d1e1ectr1c
:constant layer. 18 Next a cap oxlde layer (28) is deposzted
shown ;n Fig. 5a. This process 1s_followed by v:e deflnltlon_
end_etching for.via'openiog 30E ee'shoWn-;n Fig. 5b.
Conductive metal ie'depoeited anolexoessumetal is s
chemical-mechanical polished (CMP) back to form electrically. -
conductive_vies (32) to the ihteroonnect metai lines (4)

- below.

In sumhary; several embodlrents of ﬁh;e lnvenrron Qere
_descrlbed (i) the use of a non-oxzde adheslon promoter for
cap oxide, as 1llustrated in F1gure 2 a-d, {ii) the use of a
double coating of low_dle;ectric materlal and;double hard'
mask material, ae-illﬁstrated in Figure 3 a-d and Figure.d-
'a)b, (iii) the use of a Hard ﬁask material (with eiliooh' j
.oiYnitride.DARC; dielectric entiérefledtive coatingfon top-'

of metal stack), . in coﬁbination with, the use of an adhesion
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promoter for cap oxide, as ékétchgd in Figure 3 a-d and

- Figure 5 a,b.'other"comﬁinétions of the above embodiments

are possible and should be uhderstood.as part of this

| invention, as stated'in_the next paragraph beldw._

While thelinventiph_has_been'partiGUlarly shown and

_describéd ﬁith referénce to the preferred eﬁbodimgnts

_thereof, it will be ﬁhderstood byfthqse skilled in fhe art

that various changes in form and'details'hay be ma&e.withoﬁt

departing from the spirit and scope of the invention.
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'inte:eonnect metelllines;

CLAIMS :
- 1., A method for fabrlcatlng multilevel metal-

1ntetconnectlons hav1ng 1ow dlelectrlc constant
insulators on a substrate compr1s1ng the steps of'
prov1d1ng a semlconductor substrate hav1ng
semiconducto:.devices in and on said substrate;
depositing.a”first insu1ating_l?Yefjover said
deviees,sandlfurtner heviné_centaet openings in'said
first insulating leyer_fnr electricel contacts-to'
sald dev1ces, - .
forming a metal barrler layer on saldllnsulatzng
lafer and in said‘contadt openings: .
deéositing a'first conduetive layer for contecting
said contect.openings}:l .
patterning said[fitstieendnetivetiayer and said

metal barrier layer te form first metal lines as

interconnections for said devices; -

coating a layer of low dielectric constant - -
insulating’material'ontandlin.between said patterned
curing the low dielectric'sonstant;metefialf

depositing thin layer ef‘an adhesion prqmoter_and'

: stebilizing'materiéllon‘the low dielectric constant

material;-

AR
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deposltlng a s111con oxlde cap layer on the
‘adhesion p:omoter ‘and over the low dzelectrlc constant
material;
planarlzlng the oxide surface w1th chemlcal
.'4 5. mechanical polish (CMP); |
deflnlng v1a openlngs and etchlng to open
electr;cal contacts to the underlylng 1nterconnect
metal, | |
| depos1t1ng conductlve metal over the via openlngs,
.io remov1ng the excess sald conductlve metal by CMP; |
patternlng of sa;d conductlve layer to form the

next levelfofumetal 1nterconnect;ons.

2. The method of claim 1, whereln sald 1ow _
15“"d1electr1c constant mater1a1 is SOD, spun on .
dielectric, espec1a11y.organ1c compounds and.ls coatedf'
by a spxn—on coater to a thzckness of about 4,000 to |
12,000 Angstroms, hav;ng a dlelectrlc constant of 1ess
than 2.8 with cur:.ng condltz.ons at 400°C for 1 hr. .

20 nztrogen amblent gas flow frcm about 1 to 30 SLM,

oxygen lese than 10pem. I|II|II| /D II IIII

3. - The method of claim l,fwherein'said layer~of

26




10

15

20

said devices;

fadhesion promoter énd_stabilizer is a non—oxide

compoﬁnd,~e;g., silicon nitride deposited by PECVD,

plasma enhanced chemical vapor deposition in the

thickness rangé_from'ébout;ZOO to 500 Angétroms._

4. The method of claim 1, wherein said layer of

cap oxide or_oiidé”cap'is silicon oxide deposited by

_PECVD, plasma enhanced chemicél_vapof deposition in the

thickness range'from-about'4,000"to 1$,000 Anéstroms,

having a dielectric_cénst#nt of about 4.0.-1_

5. "The.mefhod-of'claim 5, wherein multilevél_

‘metal précessing can'béfperférmed on the plana:_surfaééf-

. by repeating the said process steps.

6. Aimethod_for'fébricating1muitileﬁel'hetal
interconnections having’léw dielect:ic cbhstant f__
;ihsulators-on a substrate comprising'the steps of:

providing a semiconductor substrate having -

) sémicqnductgr devices -in and on said substrate;

“_ldepositing a first ipsulating layer over said

‘devices, and further havinQICQntact'openings in said-:

first insulating lafe:'fqr electrical contacts to

AT R
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formlng“a metal barrierllayer on_said insulating
layer and in said contact openings;

dep051t1ng a flrst conductlve layer for contactlng

:said’contact_openings and formlng a metal stack on the

1nterlevel dlelectrlc layer (ILD);

dep051t1ng hard mask layer of silicon n1tr1de and:

then s111con oxlde on top of metal layer, w1th 5111con

' oxynltrlde DARC, d1e1ectr1c antl-reflectlve coatlng on

top of metal stack;

patternlng sa1d metal stack conszstlng of hard

mask layer and metal stack layer w1th sald metal

barrier layer to form flrst metal llnes as

_1nterconnectlons for sald devices;

coating a.layer_of-low'dlelectric"constant_'
lnsulatiné.materlal on and in between said patterned,__
interconnectlmetalolines} ' . |
cu:ing the.low dlelectric-constant material¢
lchemical mechanical polishing_(CMP)lback and
planarizing the'surface.of said low dielectric:constant
materlal w1th hard mask -on top of metal stack, |
stopplng the CMP pollshlng on the hard mask 1ayer,

: coatlng the surface w1th a second layer of low

| dielectrlc materlal;'

curing the low dielectric constant material;

*: C L ] s *
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_depositing a second hard mask layer of silicon

nitride'and then silicon oxide over'the.sacond-low

dielectric constant 1ayer,

defining v1a openlngs and etchlng for v:as to open

vias to the underlylng 1nterconnect metal;

depos1t1ng conduct;ve metal and formlng metal

'contacts by chemlcal mechanlcal pollshlngs (CMP) the.

excess metal, stopp;ng on the pollshing-on the hard
mask'layér,'thus formingnlow dielectric constant; low

capacitance structures.

7. The method of c1a1m 6, whereln sald first
hard mask 1ayer is composed of s111con nltrlde and -

s111con oxlde is deposzted by PECVD, plasma enhanced

| chemlcal vapor deposltlon to a th;ckness of about 200

to 500 Angstroms of s;l;con.nltrlde and to -

'dthickness of abOut-l,Oobtto 2,000 Angstroms of ‘silicon

oxide.

8. The method of claim §, wherein said first low

.d1e1ectr1c constant mater1a1 1s SOD, spun on
.-dzelectrlc, especlally low dlelectrlc organlc

_compounds, and is coated by;a;spln#on coater to a-

thickness of about 4,000 to 12,000 Angstroms, having a

% ¢ L M S %



d1e1ectr1c constant of less ‘than 2.8, with curlng

conditions of 400"C, 1 hr., N, gas flow 1 to 30 SLM' 0. -

" less than 10'ppm.

.1 il . 59‘ The method of'claim 6, uherein said'chemical
mecbanlcal pollshlng (CMP) conditions are: pollshlng
rate 1 000 to 2 500 A/mln, platen speed of 20 to 80
rpm, carry speed of 20 to 80 rpm, downward force 2 to 8
- psi, backszde pressure from 1 to 7 ps1, pollshlng back

io_- and stopping on the first hard mask.

10. The method of claim 6, wherein saidlsecond
low dielectric constant material is'SOD,;spun.on
rdielectric,jlow dielectric organic compounds_h

15.f'espec1ally, and coated by a spzn-on coater to a
thlckness of about 4 000 to 12, ‘000 Angstroms, hav1ng a t
'd1e1ectr1c constant of about of less than 2. 8, with-
-curlng condltlons of 400%:, 1 hr., Eh gas flow 1 to 30
SLi, O, less than 10 ppm. '

20

| 11.'fthe method of claim~é, Wherein said Second.

‘hard mask layer is composed of silicon nitride and

~ silicon oxide is'deposited by "PECVD, plasma'enﬁanced

chemical vapor deposxtlon to a thlckness of about 200

o IIIIIIII |I|I|| M| l|III | IIIl
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. to 500 Angstroms of s111con n1tr1de and to a thlckness

of about 1,000 to 2,000 Angstroms of s111con oxide.

12. The method of claim.s, wherein said hard

‘mask layers, both flrst and second hard mask layers ‘can

.be composed of slllcon n1tr1de and s111con oxlde, or

solely silicon nitride,'or solely ‘silicon oxlde.

13. The method of clalm 6, whereln sald chemlcal
mechan1ca1 pollshlng (CMP) condltlons are:. pollshlng
rate 1,000 to 2, 500 A/min, platen speed of 20 to. 80

rpm, carry speed of 20 to 80 rpm,. downward force 2 to 8

'p31, backs1de pressure fram 1 to 7 ps1, pollshlng back

and stopplng on the second hard mask.

14. The method of clalm 6, whereln multllevel
metal process1ng can be’ performed on the planar surface_

by repeatlng the sa1d process steps.

15. A.method for fabrlcatlng multllevel ‘metal

1nterconnectlons hav1ng 1ow dlelectrlc constant

_insulators on a subStrate comprlslng the'steps_oft“

prov:dlng a semlconductor substrate having

semlconductor dev1ces 1n and on sa1d substrate,

LI ||I|I 1l
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dep051t1ng a f1rst 1nsulat1ng layer over sald

dev1ces, and further hav1ng contact openlngs in sa1d

' flrst 1nsu1at1ng layer for electrlcal contacts to

said devices;

-forminc a metal harrier.layer on- said insulating
layer and 1n sa1d contact openings; |

depos1t1ng a flrst conductlve layer for contactlng
ald contact openlngs and formlng a metal stack w1th a

SIIICOB oxynltrlde DARC, dlelectrlc antl-reflectlve

. coating, on top of metal, on the Lnterlevel dlelectrlc -

layer (ILD) ;

dep081t1ng hard mask" layer of silicon n1tr1de and

'then 5111con oxlde on top of metal layer,.;

patternlng sa1d metal stack conslstlng of hard

mask layer and metallstack layer with said metal

;_barrier_layer?to formffirst_metal lines as.

intercOnnections for-said devices;
. coating a layer_of low dielectric constant

insulating material on3and:in betﬁeen said patterned

“1nterconnect metal ‘lines;

curlng the low dlelectrlc constant mater1a1
chem1ca1 mechanlcal pollshlng (CMP) back and
planarlzlng the surface of said low dlelectrlc constant'

material w1th hard mask_on top of metal stack;

s TR RN
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‘stopping the CMP;polishing on the_hard'mask layer;

depositing a layer of adhesion'promote:_over the.
hard mask and low dlelectrlc constant 1ayer,

deposltlng a s111con oxlde cap layer on the
adhesion promoter 1ayer

defining via openlngs and etchlng to open

electrlcal contacts to the underlylng 1nterconnect

3metal;__

‘depositing conductiVe'metal over. the via openings;'
remov1ng the excess said conductlve metal by CM?;i.'
patternlng of said conductlve 1ayer to form ‘the

next level of metal lnterconnectlons.

16. The method-of.claim 15, 'ﬁherein said
hard mask layer 1s composed of silicon n1tr1de and

s111con oxlde 1s depos1ted by PECVD, plasma enhanced

chemical vapor deposition('to a thlckness of about 200
" to 500 Angstroms of silicon nitride and to a thickness'

_of.about'l,OOO to 2,000 Angstroms of silicon oxide.

20

'17. The method of claim 15, wherein said hard

mask layer can be composed;of”silicon.nitride and"

silicon oxide, or soiely silicon nitride, or solely

silicon oxide. .

* c L ‘M S *
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-material.

| 18. The method of claim 15 whereln sald low

dielectric constant mater1a1 is low dlelectrlc constant_.

SOD,'spun on dielectric, low dlelectrlc organlc

compounds espec;ally, and coated by a spln—on coater to

~a thlckness of about 4 000 to 12 000 Angstroms, having
"a dlelectrlc constant of about of less than 2. 8, w1th
'cur:.ng conditlons of 400°C, 1 hr., Nz gas, flow 1 to 30

SLM, Oz_.less- than J_.O-pp_m.

19, The_method of claim 15,_wherein-said chemical

mechanical polishing (CMP) conditions are: poiishing |

rate 1, ooo to 2,500 A/min, platen speed of 20 to 80

'rpm, carry speed of 20 to 80 rpm, downward force 2 to 8

psi, back51de pressure from 1 to 7 ps1, pollshlng back

and stopp;ng on the hard mask

20. The method of claim"ls, wherein saidzlayer of

adhesion promoter and stabilizer is siliconhnitride

| deposited by PECVD, plasma-enhanced chemical vapcr

deposition in the thickness range from about 200 to |

500 Angstroms,'which_is deposited on hard mask

34



21. The methéd of:claim 15, wherein s#id'léyer-of.
~cap oiide is siiicon'oxide dgposited.by PECVD, plasma
enhancédlchemical vapbr,depésifidn, in the thickness“
range from about 4,000ltd 12;000 Angstromé; haying'a-

5 ._dieleétric constant of abéut 4.0, which is deposited on

" the adhesion promoter.

22. 'The method of élaim 15, wherein multilevel
metal proCeSSing.canlbefperformed on the planar'surface'

10 repeating the said process steps.

. o * [+ L ] s *
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