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-% A METHOD TO PREVENT DI SHI NG | N CHEM CAL MECHANI CAL POLI SHI NG BACK y 3
CF THE I NVENTION (1) FIELD OF THE | NVENTI ON 5 This inventi 6% e ]
| ates to using CVMP, chem cal nechanical polishing, to planarize
substrates havi ng trenches used for shallow trench isolation or for a netal
damascene structure. (2) DESCRI PTION OF THE RELATED ART 10
U S Pat. No. 4,962,064 to Haskell et al. describes a nethod of planarizing
a substrate having filled trenches formed=therein. The trenches are filled
with two materials such as a | ayer of an oxide followed by a | ayer of
polysilicon. After filling the trenches a CWP step is 15 foll owed by an
etching step to produce a planar substrate Pat. No. 5,362, 669

to Boyd et al. describes a rﬁe R 19 MTth%ISthate havi ng fi | ed

Substrate. The trenches are tﬁéhlggﬁn@%ﬁﬁhiﬁé%%&ﬁﬁ g on 2

BACKGROUND OF THE INVENTION

(i) FIELD OF THE INVENTION

5 This invention relates to using CMP, chemical
mechanical polishing, to planarize substrates having
trenches used for shallow trench isolation or for a metal

J . damascene structure.

(2) DESCRIPTION OF THE RELATED ART

10 | U.S. Pat. No. 4,962,064 to Haskell et al.
describes a method of planarizing a substrate having filled
trenches formed therein. The trenches are filled with two
materials such as a layef ef an oxide followed by a layer of
polysilicon. After filling the trenches a CMP step is

15 followed by an etching step to produce a planar substrate.



&

5 followed by the deposition of a layer of dielectric. A second |ayer
of CMP resistant material is then deposited having the sane thickness as
the first CVWP resistant |ayer. The substrate is then planarized using CWVP.
US. Pat. No. 4,957,881 to Crotti describes 10 met hods of formng self
aligned contacts. The nethods conprise planarization of the substrate
using etching nethods. U S. Pat. No. 5,380,546 to Krishnan et al. and U S.
Pat. No. 5,451,551 to Krishnan et al. deés€rTbe nethods 15 of

pl anarizing a substrate for nmultilevel netallization processes. The nethods
conprise protecting a netal feature using barrier materials prior to

P20 NETHOD TO AVErB-DP & Nor NSy RESTRENGHS & o RS THESTT
e e S b ke
formed at a %%&‘ér thAtR i1 Nia" £hRg ! Eﬁ&d}e@l@%a%t Yafferrlid o ddddh a
substrate. The trenches are then formed in the substrate
5 followed by thé depositiog.df a layer of dielectric. A
second layer of CMP resistant material is then deposited
-having the same thickness as the first CMP resistant layer.

— The substrate is then planarized using CMP.

U.S. Pat. No. 4,957,881 to Crotti describes
10 methods of forming self aligned-contacts. The methods
comprise planarization of the substrate using etching

methods.

U.S. Pat. No. 5,380,546 to Krishnan et al. and
U.S. Pat. No. 5,451,551 to-Krishnan et al. describe methods
15 of'planarizing é substrate for multilevel metallization
| processes. The methodé comprise protecting a metal feature
using barriér materialé'prior to planarization of the

substrate.

A Patent Application (CS-97-043) entitled "A
20 METHOD TO AVOID DISHING IN FORMING TRENCHES FOR SHALLOW
TRENCH ISOLATION" Serial No. , Filed | ,

and assigned to the same Assignee describes a method of



SUMMARY OF THE | NVENTI ON As dinensions in integrated circuit wafers 5
decrease the use of shall-ow trench isolation between circuit segnents and
the use of netal damascene structures increases. Both of these processes
require filling shallow trenches formed in the substrate fol |l owed by.

pl anari zation usually using chem cal nechanical polishing. This 10

pl anari zation step can often lead to dishing at the top of the trench and.
| oss of planarity of the surface of the-i3ntegrated circuit wafer. It is a

principle objective of this invention to provide a nethod of filling
trenches which will prevent 15 dishing at the top of the trench during
the planarization step and provide good anarity for the wafer surface. It

i s a princi plfdldijng tirencifes widh @ dditelectniorich s kemBad Rt | | ng
shal | ow i sol ation trenches which will prevent dlshlng at. the top . of th
trench duringnentesn rate widhin Ahe Jirendh BHRR RS H%eg%d%?ahﬁﬁwy for

the wafer -4- surface. It is another principle objective of this

SUMMARY OF THE INVENTION

- As dimensions in integrated circuit wafers .

5 | decrease the use of shallow trench isolation between circuit
segments and the use of metal damascene structures
increases. Both of these processes requiré filling shallow
trenches formed in the substréte followed by planarization
usually u51ng chemical mechanlcal polishing. This

10 planarization step can often lead to dishing at the top of
the trench and loss of planarity of the surface of the

integrated circuit wafer.

It is a principle objective of this invention to
provide a method of filling trenches which will prevent'
15 dishing at the top of the trench during the planarization

stép and provide good planarity for the wafer surface.

It is a principle objective of this invention to
provide a method of filling shallow isolation trenches which
will prevent dishing at the top of the trench during the :

20 planarization step and provide good planarity for the wafer
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invention to provide a nethod of filling trenches with netal for a netal
damascene structure which will prevent dishing 5 at the top of the
trench during the planarization step and provide good planarity for the
waf er surface. These objectives are achieved by forming a layer of a first
material on a substrate in which a trench has been fornmed. The | ayer of
first material is formed on the 10 sigewal | s and the bottom of the
trench. A layer of a second material is then formed on the |ayer of first
material. That part of the layer of first material and that part of the
| ayer of second material above the plane of the top surface of the

substrate ar gl éxiusing a chemcal 15 - nechanical -polishing adjusted
.so that the renoval tate of the first material is greater.than the renova
rate of the layer of second material. This avoids dishing and results in a
pl anar surface. -5- BRI EF DESCRI PTI ON OF- THE DRAWNGS Fig. 1 shows a

cross section view of arpagd &{o&éu&%i@éf%mvdm@tiJ@r@f] ¢wiged therein.
Fig. 2 shows a cross section view of the substrate _
invention to provide a method of filling trenches with metal
for a metal damascene structure which will prevent dishing
5 at the top of the trench during the planarization step and

provide good planarity for the wafer surface.

- These objectives aré achieved by forming é layer
of a first material §n a substrate in which é trench has
been formed.l The layer of first material is formed on the

10 sidewalls and the bottom of the trench. A layer of a second
material is then formed on the layer of first material. |
That part of the layer of first material and thaﬁ part of
the layer of second material above the prlane of the topl
surface of the substrate are removed using a chemical

15 méchanical polishing adjusted so that the removal rate of
the first material is greater than the removal rate of the
layer of seéond material. This avoids dishing and results

in a planar surface.
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5 of Fig. 1 after formng a layer of first dielectric on the top of the
substrate, the sidewalls of the trench, and the bottomof the trench and a
| ayer of second material on the layer of first dielectric. Fig. 3 shows a
ctoss section view of the substrate 10 - of Fig. 1 after the substrate
has been planarized. Fig. 4 shows a cross section view of a part of a
substrate having a trench forned therein. Fig. 5 shows a cross section view
of the substrate of Fig. 4 after form ng-aslayer of first netal on the top
of 15 the substrate, the sidewalls of the trench, and the bottom of the
trench, a layer of second netal on the |layer of first netal, and a | ayer of

third nmetal on the | ayer C i T%F§Eﬁﬁﬁ% 0SS section view
of the substrate 20 - ogkﬁﬁg.g%gggﬁkﬁhpwgcghbs rate Iig been pl anari zed.
-6- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Refer now to Figs. 1-3 for a
description of the nmethod of . filling isolation trenches of this invention.

Fig. 1 shows a cross sgephiop ¥h&Ws0h erseesséatforlviani 88 a part of a

substrate having a trench formed therein.

Fig. 2 showslé cross section view of the substiate
S of Fig. 1 after férming a layer of first dielectric on the
— top of the substratg, the sidewalls of the trench, an¢ the
bottom of the trench and a layer of second material on the

layer of first dielectric.

Fig. 3 shows a cross section view of the substrate

10 of Fig. 1 after the substrate has been planarized.

Fig. 4 shows a cross éection view of a part df a
substrate having a trench formed therein.
Fig. 5 shows a cross section view of the subsfrate
of Fig. 4 after forming a layer of first metal on the top of
15 the substrate, the sidewalls of the trench, and the bottom
of the trench, a layer of second metal on the layer of first
metal, and a 1ayér of third metal on the layer of second

metal.

Fig. 6 shows a cross section view of the substrate

20 of Fig. 4 after the substrate has been planarized.
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5 trench 12 fornmed therein. 1In this exanple the substrate 10 is a
silicon integrated circuit wafer however it will be - readily apparent to
those skilled in the art that the substrate is not limted to a silicon
ihtegrated circuit wafer. The substrate may optionally have one or nore 10
dielectric layers forned thereon, not shown, such as a |layer of pad oxide
and a layer of silicon nitride. The trench 12 has a depth of between about
2000 and 7000 Angstrons and typically, butgnot necessarily, has a w dth of
about 1 mcroneter or greater. The trench is forned by nethods well 15
known to those skilled in-the art and may require steps including t he

formation of a resist @%ﬁ§ Yp %?ﬁﬁﬁ) s As shown in
Fig. 2, a layer of first die q¥ E?%ggégl #EF I's then forned on the top
surface of the 20 - substrate, the sidewal | s of the trench, and the
bottom of the trench using chem cal vapor deposition. The Iayer of first

dielectric material cakd¥r fddw ee@rmigg_ alfysdr of SédtEDPtOomh defheNeéNng a
t hi ckness of between about 1000.and 3000 Angstrons. Next a |ayer of second
- material 16 inethod &f f£illing isolation trenches of this invention.
Fig. 1 shows a cross sectioﬁ view of a substrate 10 having a
5 trench 12 formed therein. . In this example the substrate 10
is a silicon integrated circuit wafer however it will be
- readily apparent to those skilled in the art that the
substrate is not limited to a silicon integrated circuit -
wafer. The substraté may optionally have one or more
10 dielectric layers formed thereon, not shown, such as a layer'
of pad oxide and a layer of silicon nitride. The trench 12
has a depth of between about 2000 and 7000 Angstroms and
typically, but not necessarily, has a width of about 1
micrometer or greater. The trench is formed by methods.well
15 ' known to those ski;léd in the art and may require steps
including the formation of a resist mask followed by dry

anisotropic etching.

As shown in Fig. 2, a layer of first dielectric
material 14 is then formed on the top surface of the
20 substrate, the sidewalls of the trench, and the bottom of
the trench using chemical vapor deposition; The layer of
first dielectric material can bg, for example, a layer of
silicon oxide having a thickness of between about 1000 and

3000 Angstroms. Next a layer of second material 16 is
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formed on the layer of first dielectric material 14 using chem cal vapor
deposition. The layer of second material can be a |layer of silicon nitride
havi ng a thickness of between about 2000 and 15, 000 Angstrons or can be a

| ayer of 5 polysilicon having a thickness of between about 2000 and
15, 000 Angstrons. The conbi ned thickness of the layer of first dielectric
material 14 and the | ayer of second - material 16 nust be greater than

the depth of the trench 12. That part of t-h& +ayer of first dielectric 10
material 14 and the | ayer of second material 16 above the plane of the top
surface of the substrate is then renoved using chem cal nechani cal

polishing. The first dielectric terial 14 C riagl -and
the paranet erS8ed QB ﬁi@m For’ (il hgﬁ‘FF&I aﬂ’glllgs@%fﬁ% gxr%.g:e('?%éagler}it éljsg'rn i de a
15 r enov rate for the first.diel ecthic i ' iS-iafy | east
1.5 tinmes as%F§F§§%%$%i gqrge $%th§ e o%%Fhé%§%%g€§|§%%§%?%I f%%jggbfﬁﬁﬁe
exanpl € of apll St PGl HH 14 T hlidridle HavlinQ) O tHIRIMUES Fe Bitheen

material of silicon"nitride or polysilicon this can be achieved using a 20
pol i shing sl aboath20000 =HAMS, B0V ReGsHIVMSS oty csinl bed pHdyeas dthan 9 and

si-lica particles with a particle size of |ess then 160 nanoneters.
5 polysilicon having a thickness of between about 2000 and
15,000 Angstroms. The combined thickness of the layer of

first dielectric material 14 and the layer of second

— material 16 must be greater than the depth of the trench 12.

That.part'of the layer of first dielectric
10 material 14 and the.layer of second material 16 above the
plane of the top surface of the.substrate is then femoved_
using chémicél mechanical polishing. The first dielectric
material 14, the second material 16, and the parameters of
the chemical mechanical polishing are chosen to provide a
15 removal rate for the first dielectric material 14 which is
at least 1.5 times as large as the removal rate of the
second material 16. For the example of a first dielecﬁric
material of silicon oxide and a second material of silicon
- nitride or polysilicon this can be achieved using a
20 polishing slurry having ammonia-based chemistry with a pH
less'than 9 and silica particles with a particle size of

less then 160 nanometers.
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-8- As shown in Fig. 3, this difference of renoval rates for the first
dielectric material 14 and second nmaterial 16 prevents dishing and results
in a planar surface leaving first dielectric material 14 and second
naterial 16 5 only in the trench and renoving any first dielectric

mat eri al and second material above the plane of the top surface of the
substrate. The substrate is left with a highly planar surface for
subsequent processing steps. Refer nowto F §s- 4-6 for a nethod of formng
a 10 met al damascene structure of this invention. Fig. 4 shows a cross
section view of a substrate 20 having a trench 22 forned therein. Since a

metal electrode is to Re LALRRGIATRIDe SUDEALS! 81 FREraHDE! B! BehBvAT

i nsulating material such as silicon xi dé or [icon nitride.

exanpl e the dgtes féybehéaffrge dﬁefeétﬁiéchétérﬂaleMaén&OéEEdnﬁn a
silicon integrated circuit wafer. The trench 22 has a depth of between

about 2000 amgtdPD81ADgshreventsddigningl ayd basules nacaspashby, shafate
wi dth of about 1 microneter or less. The trench is forned by nethods well

known by t holeaskngl Eilrst @flelectribe matemndlndy anduseconliepatemdbddiliéy
the formation of a resist mask foll owed by dry ani sotropic etching.
5 only in the trench and removing any first dielectric
material and second material above the plane of the top
surface of the substrate. The substrate is left with a

— highly planar surface for subsequent processing éteps.

Refer now to Figs. 4-6 for a method of forming a

10 metal damascene structure of this invention. Fig. 4 shows a
Cross sectibn view of a substrate 20 having a trench 22
formed therein. Since a_métal electrode is to be formed in
the substrate the substréte is an insulating material such
as silicon oxide or silicon nitride. In this example the

15 substrate 20 is a dielectric material formed on a silicon
integrated circuit wafer. The trench 22 has a depthrOf )
between about 2000 and 7000 Angstroms and typically, but not
necessarily, has a width of about 1 micrometer or less. The
trench is fofmed bg methods well known by those skilled in

20 the art and may require steps including the formation of a

resist mask followed by dry anisotropic etching.



-9- As shown in Fig. 5 a layer of first netal 24 is then forned on the top
surface of the substrate, the sidewalls of the trench, and the bottom of
the trench. The layer of first netal 24 is, for exanple, a |ayer of

al um num 5 - ‘havi ng a thickness of between about 2000 and 6000 Angstrons
or a layer of copper having a thickness of between about 2000 and 6000
Angstrons. Next a |ayer of second netal 2@ ps_.fornmed on the |ayer of first
nmetal 14. The layer of second netal 26 is a netal which will adhere well
to the layer of 10 first nmetal and can be a layer of titaniumnitride
havi ng a thickness of between about 400 and 1500 Angstrons. A |ayer of

third metal 28 is fornmefsoghéws iﬁY?igOfsseﬁomQ gl 8k £8rsthachkayenqofis
third metal 28 in this exanple is a |ayer of tungsten havi ng a thickness of

bet ween aboutth@AOfesfledSon th8086pABgeEheaSof ThHe ¥abxtihite,l awer of
second netal 26 adheres well -to both the first netal and the third netal

and hol ds t hesifiesallayef théatrehnchet and thgebbetom ofThhec@rena®d The

t hi ckness of the layer of first netal 24, the |layer of second netal 26, and

the | ayer of layved aft fiir28 metalb2420s, fogreatmpléhan Lhgedepifth adfuntihtim

trench 22. That part of the layer of first netal 24, the
5 hav1ng a thickness of between about 2000 and 6000 Angstroms

or a layer of copper hav;ng a thickness of between about

2000 and 6000 Angstroms. Next a layer of second metal-zé is

formed on the layer of first metal 14. The layer of second

metal 26 is a metal which will adhere well to the layer of

10 first metal and 'cah be a layer of titanium nitride having a
thickness of between about 400 and. 1500 Angstroms. A layer
of third metal 28 is formed on the layer of second metal 26.
The layer of third metal 28 in this example is a layer of
tungsten having a thickness of between about 1000 and |

15 8000 Angstroms. The very thinrlayer of second metal 26
adheres well to both the first metal and the third metal and
hoids the three layer metal structure together. The _

combined thickness of the layer of first metal 24, thellayer

of second metal 26, and_thellayer of third metal 28 must be

20 greater than the depth of the trench 22.

That part of thellayer of first metal 24, the
layer of second metal 26, and the layer of third metal 28 -
above the plane of the top surface of the substrate is then
removed using chemical mechanicai polishing. The first -

25 metal 24, the third metal 28, and the parameters of the

; P - Do
e e d e A el e
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| ayer of second netal 26, and the layer of third netal 28 above the plane
of the top surface of the substrate is then renoved using chem cal
nmechani cal polishing. The first 25 nmetal 24, the third netal 28, and
the paraneters of the - 10 - chem cal nechani cal polishing are chosen to
provide a renoval rate for the first nmetal 24 which is at least 1.5 tines
as large as the renoval rate of the third netal 28 and a renoval rate for
the second netal 26 which is at least 5 ~ 1975 tines as | arge as the
renoval rate of the third nmetal 28. For the exanple of a first netal of

al um num or copper, a second netal of titaniumnitride, and a third - netal

ft t t.his, 1 b hj d | NG, i shi I hayi
21 kal | no- basTHPRAEAT BeGRam AT o TS (ee “Ohivegd oo el Bio Rl 1,
h j t . hen st | t d al um
o i1 ca pATRETEE e SRR FIEt et nd il oie AT BAERC O
h . F ’ . f . f H ,
Second et a7, EHME A AFEE s nd YRR el X80, OF LIF Shifh HELH 26

28101 anar surddges | FaeveN 12488 £BF HnétseéSie e t®l 226 APnidndishatd18RER
' 5 1.5 times as lafge'as the removal rate of the third
metal 28. For the exampie of a first metal of aluminum or
copper, .a second metal of.titanium nitride, and a third
— metal of tungsten this can be achieved usiné'a polishing
slurry having alkaline-based'chemistry, such as KIOQ,,

10 ‘peroxide-based chemisfrf, such as H,0,, or nifrate based
chemistry with a pH less than 6 and alumina or silica
particles with a particle size of less then 200 nanometers.

As shéwn in Fig.-s, this difference qf removal
rates for the first metal 24, second metal 26, and third :

15 metal 28 prevents dishing and results in a planar surfacé
leaving first metal 24, second metal 26, and third metal 28
only in the trench and removing any first metal, second }
metal, and third metal above the plane qf the top surface of
the substraﬁé. In this manner a conducting electrode is

20 formed in the substrate and the substrate is left with a

highly planar surface'for-subsequent processing steps.
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only in the trench and renoving any first netal, second netal, and third
net al above the plane of the top surface of the substrate. In this manner a
conducting el ectrode is 20 formed in the substrate and the substrate is
left with a highly planar surface for subsequent processing steps. Wi | e
t he invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, it will be understood by those skilled.
in the art that various changes in form-add details may be made without 5
departing fromthe spirit and scope of the invention. -12- CLAIMS 1. A
met hod of filling trenches, conprising the steps of: providing a substrate-
having a trench forned therejn, wherein said substrat% t surface

! .has a_fir
and said trench has sWBé%ﬁlFgeahBVSFBbPPonSSbeen par 1F8iﬁFﬁ§_§ Wer of a
first mterial g0.22i8eh' hoknoPEbasendl 28 ¢nd"pRbiatfea tlodi iRl S ©
thereof, it will be understood by those skilled in the art

that various changes in form and details may be made without

5 departing from the spirit and 5cbpe of the invention.



and said bottomof said trench; formng a |layer of a second material on
said |layer of said first material; and 10 renovi ng that part of
said layer of said first material and that part of said_|layer of said

second naterial above the plane of said first surface of said substrate

using a chem cal nechani cal polishing, wherein said chep '
polishing is adjusted so that the renoval rate of 15 ﬂlﬁnlﬂmmﬂnufﬁul'
material is greater than the renoval rate qgh said second*nmatertaln 4 e
nmet hod of cl aicnAiMgherein said first material is a first dielectric. 3. The
net hod of claim2 wherein said second material is a second dielectric. 4.
The nmet hod of _ cj g AN ef ' t 8hkAt 1 & o} | LBl of: - 13
I e ethod AEUodiSECEILEMY EEEREHeLT EoRPLSIMEPLE BLEBS of: 1L T
The nmet hod of cl ghreviddiey ca NsSBstra€6 ORGviRg €41 BrehEhSELLRER Rhekiedd.,

wherein said substrate has a first surface and said trench
haé sidewalls and a bottom;

5 forming a layer of a first material on said first
surface of said substrate, said sidewalls of said trench,
and said bottom of said trench;

- forming a layer of a second material on said layer of

said first material; and

.10 removing that part of said layer of said first material
and that part of said layer of said second méterial above
the plane of said first surface of said subétrate using a
chemical mechanical polishihg, wherein said chemical
mechaniéal polishing is_édjusted s§ that the removal rate of

15 said first material is greater than the removal rate of said

second material.

2. The method of claim 1 wherein said first material is a

first dielectric.

3. The method of claim 2 wherein said second material is a

second dielectric.

4. The method of claim 2 wherein said second material is

polysilicon.



7. The method of claim2 wherein said substrate is a silicon integrafed
circuit wafer. 8. The nethod of clarm*T—wherern—sard first material is a

first metal. 9. The nethod of claim 8 wherej ' cond material is a
second netal . 10. The nmet hod of claikuﬁl i\ mHFu first material is
alum num 11. The nethod of claim8 xSt material is copper.
12. The nmethod of claim8 wherein said second nmaterial is tungsten. 13. The
met hod of claim8 wherein said substrate |? a_l ayer of dielectric fornmed on
a silicon integrated circuit wafer. 3 - 14. A nethod of filling
t.renches, conprising the steps of: prOV|d|ng a substrate having a trench

formed theresn, THEChELRo8RLE, YRS 3 GnP28iA Lhudl s3uLkapaeapdanad trench

has sidewal | s an a | ayer | rst
dielectric ogligbgnfbggaesurface of sald substrate said sidewal |'s of said
trench,

6. The method of claim 2 wherein said second material is

silicon nitride.

7. The method of claim 2 wherein said substrate is a siliéon

— integrated circuit wafer.

8. The method of claim 1 wherein said first material is a

- first metal.

9. The method of claim 8 wherein said second material is a

second metal.

10. The method of claim 8 wherein séid first material is

aluminum.

11. The method of claim_8 wherein said first material is

copper.

12. The method of claim 8 wherein said second material is

tungsten.

13. The method of claim 8 wherein said substrate is a layer .

of dielectric formed on a silicon integrated circuit wafer.




and said bottomof said trench; formng a |ayer of a second nmaterial on
said |layer of said first dlelectrlc and 10 renovi ng that part of
said layer of said first dielectric and that part of said |ayer of said.
sécond naterial above the plane of said first surface of said substrate
using a chem caI“"ﬂﬂmﬂH"m hi ng, wherein said chem cal nechani cal
‘polishing is adj ?”H,HI'E renoval rate of said first
dielectric is gréeatér thah t%e*rennval rat & of said second material. 15.
The nethod of claim 14 wherein said |ayer of first dielectric is a |layer of
silicon oxide fornmed using chem cal vapor deposition.. 16. The method of
claim 14 whefgin gaherhedessofiseengirrahehesl tomprising thesskepenof:
nitride fornmed- -using chem cal vapor deposition. - 15 - 17. The nethod of
¢l aim 14 wherein ﬁﬁbdlﬁﬁﬁgraOEuBEﬁﬁaﬁennheingla|ﬁrenthyéormédphhgsehnqon
formed using chem cal vapor deposition. 18. The nethod of claim 14 wherein
sai d substrahpretréin said substrate has a first surface and said trench

has sidewalls and a bottom;

5 forming a 1ayer of a fifst'dielectric on said first
surface of said substrate, said sidewalls of said trench,
and said bottom of said trench;

- forming a layer of a second material on said layer of

said first dielectric; and

10 removing that part of said layer of said first
dielectric and that part of said layer of said second
material abbve the plane of said first surface of saidl
substrate using a chemical mechanical polishing, wherein
said chemical mechanical polishing is adjusted”so that the

15 removal rate of said first dielectric is greater than the

removal rate of said second material.

- 15. The method of claim 14 wherein said layer of first
dielectric is a layer of silicon oxide formed using chemical

vapor deposition.

16. The method of claim 14 wherein said layer of second
material is a layer of silicon nitride formed using chemical

vapor deposition.



silicon integrated circuit wafer. - 19. ° A nethod of filling trenches,
conprising the steps of: providing a substrate having a trench forned

sidewal | s and a bottom 5 formng a layer of a first netal on said —
first surface of said substrate, said sidewalls of said t'rengulmﬂ '

bottom of said trench; formng a | ayer of a second netal on MLm;ﬂm”H"I
said first metal; 10 formng a Laysr of a third metal dn gai s s

| ayer of said second netal; and renoving that part of said |ayer of said
first netal, that part of said |layer of said second netal, and that part of

id | ' hi b he pl f .sai.d 15 fi f
of sai 4’ Substat 406s AREIRL Ry L3 n FHRC AL, Bich Ay Sk ariig o'
hemi cal hani cal | i shi ' dj ust ed that th |_rat f said
o o PO Tl A AR ALRl o R seet] <2
20. The ”EtQ%%o%fd@ﬁ@é?t%%nwherein said first nmetal is

18. The method of claim 14 wherein said substrate is a

silicon integrated circuit wafer.

- 19. 1 methéd of filling trenches, comprising the steps of:
providing a substrate having a trench formed therein,
wherein said substrate has a first surface and said trench
has sidewalls and a bottom; |
5 forming a layer of a first metal on said firsﬁlsurface
of said substrate, said sidewalls of said trench, and said
bottom of said trench; |
forming a layer of a secona metal on said layer of said-
first metal;
10  forming a layer of a third metal on said layer of said
second metal; and |
removing that part of said léyer of said first metal,
that part of said léyer of said second metal,. and that part
of said layer of said third metal above the plane of said
15 first surface of said substrate using a chemical mechanical
polishing, wherein said chemical mechanical polishing is
adjusted so that the removal rate of said first metal is

greater than the removal rate of said third metal.



alum num 21. The nethod of claim 19 wherermsar-d-fi+st—metal s copper.
22. The nethod of claim19 wherein said 1&1&@ of said second netal acts as

an adhesi ve between said | ayer of said fi M muﬂ'mm d.layer of said
third netal. 23. The nethod of claim 19 nd netal is

titaniumnitride. 24. The method of claim 19 whereln’sai*d third metal is
tungsten. 25. The nethod of claim 19 wherein said substrate is a | ayer of
dielectric material formed on a silicon rn?%grated circuit wafer.

' 20. The method of claim 19 wherein said first metal is

‘aluminum.

21. The method of claim 19 wherein said first metal is

copper.

22. The method of claim 19 wherein said layer of said second
— metal acts as an adhesive between said layer of said first

metal and said layer of said third metal.

23. The method of claim 19 wherein said second metal is

titanium nitride.

24. The method of claim 19 wherein said third metal is

tungsten.

25. The method of claim 19 wherein said substrate is a
layer of dielectric material formed on a silicon integrated

circuit wafer.



