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BACKGROUND OF THE

(1) FIELD OF THE | NVENTI ON This i nvention
relates to the planarization of an internetal dielectric |ayer conprising
spin on glass and nore particularly to planarization using cheni cal
polishing w thout etchback and having an automatic end point.
(2) DESCRI PTI ON OF THE RELATED ART

A METHOD OF PLANARIZATION OF AN INTERMETAL

DIELECTRIC LAYER USING CHEMICAL MECHANIC&L'POLISHING

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to the pianarization of an
intermetal dielectric layer comprising spin on glass and
more particularly to planarization using chemical mechanical

polishing without etchback and having an automatic end

point.

(2) DESCRIPTION OF THE RELATED ART

U.S. Pat. No. 5,094,972 to Pierce et al. describes
the formation of a stop layer of CVD silicon nitride or CVD
carbon on the surfaée of an integrated circuit wafer. Holes
are formed in the stop layer and wells are formed in the
material bhelow the.openings. After processing the device is
planarized to the stop layer using abrasive mechanical

polishing.
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U S "Pat. No. 5,094,972 to Pierce et al. describes the formation of a stop
| ayer of CVD silicon nitride or CVD carbon on the surface of an integrated
«circuit wafer. Holes are formed in the stop layer and wells are forned in
the material below the openings. After processing the device is

pl anari zed to the stop | ayer using abrasive nechani cal polishing.

-2- U S Pat. No. 4,956,313 to Cote et al. describes formng
an insulator layer with holes. The holes are then filled with CVD tundgsten
which is also forned on the insulator layer. The netal |ayer and the

i nsul ator layer are then subjected to a polish etch in the presence of an
abrasive slurry to renove the netal not filling the holes, and to planarize

the insulator layer. U.S. Pat. No. 4,956,348 tqfotue £10o3ko4S5TaeRA

describes  gorming an insulator layer with holes. The holes are then-

filled with CVD tungsten which is also formed on the

insulator layer. The metal layer and the insulator layer
are then subjected to a polish etch in the presence of an
abrasive slurry'to remove the metal not filling the holes

and to planarize the insulator layer.

U.S5. Pat. No. 5,472,825 to Sayka describes
Planarizing a spin on glass layer without the use of a stop
layer.

U.S. Pat. No. 4,997,789 to Keller et al. describes
planarization using etchback with an aluminum etch stop

- layer. .

U.S. Pat. No. 5,275,963 to Cedarbaum et al.

describes planarizing a layer of phosphoéilicate glass using

chemical mechanical polishing without a stop layer.

This invention describes using chemical mechanical
polishing to planarize an intermetal dielectric without
using an etchback step. A hard metal cap formed on an
electrode pattern is used as a stop for the chemical

mechanical polishing step.



pl anarizing a spin on glass |ayer without the use of a stop |ayer.
U.'S. Pat. No. 4,997,789 to Keller et al. describes planarization using

- etchback with an alum numetch stop |ayer. - U S. Pat. No.
5,275,963 to Cedarbaumet al. describes planarizing a |ayer of
phosphosilicate glass using chem cal nechanical polishing wthout a stop
| ayer. This inventiorn glescri bes using cheni cal nechanica

polishing to planarize an internmetal dielectric without using an etchback
step. A hard netal cap fornmed on an electrode pattern is used as a stop
for the chem cal nechanical polishing step.

-3-

SUMMARY OF THE INVENTION

Intermetal dielectric is used to separate levels
of metal electrodes in integrated circuit wafers. For dense
integrated circuit structures the intermetal dielectric has
a very irregular top surface and must be planarized before
the next level of metal electrodes can be formed. Spin on
glass, SOG, is often used to fill the narrow gaps between

the'electrodes.

_ A conventional method of forming and planarizing
the intermetal dielectric, I@D, is shgwn in Figs. 1A and 1B.
Fig. 1A shows an integrated'g{fcuit wAfer 10 with devices
formed therein, not shown. “a dielectric layer, not shown,
may or may not ﬁe formed directly over the integrated
circuit wafer 10. Metal eléctrodes 12 are formed-on the
integrated circuit wafer using blanket deposition of metal
and well known photolithographic techniques. A layer of spin
on glass 14 is then formed on the integrated circuit wafer
10 filling the gaps between the electrodes 12 but having a
very irregular surface. The layer of spin on glass is then
etched back and a layer of oxide 16 is formed on the etched

back layer of spin on glass.



SUMVARY OF THE | NVENTI ON ' Internetal dielectric is used to
seﬁarate |l evels of nmetal electrodes in integrated circuit wafers. For
-dense integrated circuit structures the internmetal dielectric has a very
irregular top surface and nust be planarized before the next |evel of

metal el ectrodes can be fornmed. Spin on glass, SOG is often used to fil
the narrow gaps between the el ectsades. ) A conventional nethod
of forming and planarizing the internetal dielectric, IMD, is shown in
Figs. 1A and 1B. Fig. 1A shows an integrated circuit wafer 10 with _devices
formed. therein, not shown. A diefectric Iayer not shomn may or may not

be formed di rectly OVﬂ’ %‘ee |nt gqr at e ?l Em&‘@éf ﬁg?}_@l i £l ectrodes

12 are formed on the grate IrCUI usi ng deposi tion of

metal and waleh bnm:&batebmmgfe&abap d@aﬁmausmﬂshaxert@f spin on
glass 14 is then formed on the integrated circuit wafer 10 filling the

gaps bet weerremorecthat raddsod thniflalyavi of) axideci§ and &dpattapasturdfice. The

| ayer of spin o | ass_i s then etched back and | ay oxide 16 is
formed on tﬁg‘eetnlegﬁ’ﬁl of, goin| W FLase i thish dFag-SOVe the Plane

formed by the top surface of the electrodes 12. During the
chemical mechanical polishing step the tops of the metal
electrodes are exposed. BAnother layer of oxide or other
dielectric, not shown, can then be formed on the intermetal
dielectric layer and another layer of metal electrodgs can

be formed, not shown.

Some of the disadvantages of the conventional
method of planarization just.@gscribed are the cost of the
etch back step and the dete;mination of the end point of the
chemical mechanical polishing, or CMP, step. If the CMP
step is contznued too long part o; the metal electrodes will
be polished away. If the CMP step is stopped too soon there

will be dielectric material left over the top of the

electrodes.

It is an objective of this invention to provide a
method of planarization of an intermetal dielectric which
does not require an etch back step and uses a chemical
mechanical polishing step which has an automatic end point

determination.



-4- - As shown in Fig. 1B the internetal dielectric is then
planarlzed usi ng chem cal nechanical polishing to renove that part of the
.I'ayer of oxide 16 and that part of the layer of spin on glass 14 which is
above the plane formed by the top surface of the electrodes 12. During the
chem cal mechanical polishing step the tops of the netal electrodes are
exposed. Anot her |ayer of oxide or- 8ther dielectric, not shown, can then
be formed on the internmetal dielectric |ayer and -another |ayer of met al
el ectrodes can be forned, not shown. Sone of the .

di sadvant ages of the conventional nethod of planarization just described
are the cost of the etch back step and the determnation of the end point
of the chem cal nechanical polishing, or CMP, step. If the CMP step is
continued too | ong parThis obijectivealiscacbiewribdynEprning mbardnetahay. | f

the step IS,Sggggeggtéﬂig%%gg,tgkﬂgie soft metal electrodes. The

intermetal dielectric is then formed over the electrodes
formedlof the normal soft metal with a hard metal cap. The
intermetal dielectric is then planarized using CMP with an
oxide slurry. The hard metal cap will not be polished away
by the CMP step and will form an automatic end point to the
CMP step. The hard metal cap will not be scratched,
corroded, or smeared by the CMP step. Monitoring thg
current of the motor driving the CMP will provide good
endpoint determination since the load on the motor will

change significantly when the hard metal cap is reached.



will' be dielectric material left over the top of the electrodes.

.Lt" is an objective of this invention to provide a nethod of planarization
-of an intermetal dielectric which does not require an etch back step and
uses a chem cal nechanical polishing step which has an automatic end point
determ nati on. L -5- Thi s

obj ective is achieved by formng a Rard net al cap, such as tungsten, on
the soft metal electrodes. The internmetal dielectric is then formed over
the electrodes fornmed of the normal soft netal with a hard nmetal cap. The
intermetal dielectric is then planarized using CVW with an oxide slurry.

The hard netal cap wll not be polished away by the CWP step and will form
an automatic end point to the CM step. The hard netal cap will not be

scr at ched,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows a cross section view of an
integfated circuit wafer being planarized using a
conventional method after etchback of the spin on glass and
formation of the oxide layer and p?ior to the chemical

mechanical polishing.

Fig. 1B shows a cross section view of an
integrated circuit wafer being planarized using a

conventional method after completion of the chemical

H
-

meéhanical polishing.
Fig. 2 shows a cross section view of an integrated

circuit wafer with a layer of soft metal formed on the

integrated circuit wafer and a layer of hard metal formed on

the.layer of soft metal.

Fig. 3 shows a cross section view of an integiated
circuit wafer with an electrode pattern formed in the layer
of soft metal and the layer of hard metal. A layer of first

oxide is formed on the wafer covering the electrode pattern.



corroded, or sneared by the CWP step. Monitoring the current of the notor

driving the CVP will provide good endpoint determnination since the | oad on
tthe notor will change significantly when the hard netal cap is reached.
- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1A shows a cross section view-off an integrated circuit wafer being

pl anari zed using a conventional nethod after etchback of the spin on glass
and formation of the oxide layer and prior to the chem cal nechanical *
pol i shi ng. : Fig. 1B shows a cross section view of an
Integrated circuit wafer being planarized using a

Fig. 4 shows a cross section view of an integrated

circuit wafer with an electrode pattern formed in the layer
of soft metal and the layer of hard metal, a layer of first
oxide formed on the wafer covering the electrode pattern,

and a layer of spin on glass formed on the layer of first

oxide.

Fig. 5 shows a cross section view of an integrated
circuit wafer with an electrode pattern formed in the.layer
of soft metal and the layer of hard metal, a layer of first
oxide formed on the wafer covering the electrode pattern, a
layer of spin on glass formed on the layer of first oxide,
and a layer of second oxide formed on the layer of first

oxide.

Fig. 6 shows a cross section view of an integrated
circuit wafer with the intermetal dielectric planarized

using chemical mechanical polishing.

Fig. 7 shows a cross section view of an integrated
circuit wafer after planarization of the intermetal
dielectric with a layer of third oxide formed on the

planarized intermetal dielectric.



convent.i onal method after conpletion of the chemi cal mechanical polishing.
Fig. 2'shows a cross section view of an integrated circuit wafer with a

.l ayer of soft netal fornmed on the integrated circuit wafer and a | ayer of
hard nmetal fornmed on the layer of soft netal. : Fig. 3 shows a
cross section view of an integrated  circuit wafer with an electrode
pattern formed in the layer of soft "netal and the |ayer of hard netal. A

| ayer of first oxide is forned on the wafer covering the el ectrode
pattern. Fig. 4 shows a cross section view of_ an

integrated circuit wafer with an el ectrode pattern fornmed in the |ayer of
soft metal and the |RERSRIBTIONQF #EFaFBE%FﬁRéeFMB@“W oxi de formed on

the wafer covering the electrode pattern, and a |layer of spin on glass
formed on the | ayer of first

Refer now to Figs. 2~7, there is shown an
embodiment of the planarization method of this invention.
Fig. 2 shows an integrated circuit wafer 20 with devices
formed therein, not shown; and a dielectric layer formed
thereon, not shown. A layer of firét metal 21, such as
Al/Cu/Si, Al/Cu, or the like, having a thickness of between
about 3000 and 10,000 Angstroms is formed on the integrated

| circuit wafer. The first metal is typically soft and would
be easily polished away during a chemical mechanical
polishing step. Next a layer of second metal 23, such as
tungsten, tungsten nitride, titanium nitride, or the like
having a first surface 25, a sééond sufface 27, and a
thickness of between about 200 and 2000 Angstroms, is formed
on the layer of first metal 21. The second surface .27 of
the layer of second metal 23°contacts the layer of first
metal 21. The first surface 25 of the layer of second metal
23 forms a first plane wherein the integrated circuit wafer
20, the layer of first metal Zi, and the layer of second
metal 23 are below the first plane. The second metal is
sufficiently hard, having a Knoop hardness wvalue equal to or
greater than 485 kg/nm?, that the second metal will resist
being polished awa§ by the chemical mechanical polishing

step.



oxi de. . Fig. 5 shows a cross section view of an integrated
circuit wafer with an electrode pattern formed in the layer of soft netal
-and the | ayer of hard netal, a layer of first oxide forned on the wafer
covering the el ectrode pattern, a |ayer of spin on glass fornmed on the

| ayer of first oxide, and a |ayer @f- second oxide fornmed on the |ayer of

first oxide. Fig. 6 shows a cross section view of an
integrated circuit wafer with the internetal dielectric planarized uSing
chem cal mechani cal polishing. Fig. 7 shows a cross section

view of an integratgdi @k’ Shidvn Yaf Pigafd & fgkggaﬁgigé;noqsogoi,;@di nt er et al
dielectric with a layer of third oxide fornmed on the planarized internetal
di el ectri cdin the layer of first metal 22 and the same 8first pattern is

formed in the layer of second metal 24. A layer of first

oxide 26, having a thickness of between about 500 and 6000

Angstfoms, is then formed on the integrated circuit wafer 20

by means of chemical vapor deposition covering the first

patfern formed of the first metal 22 and the second metal

24. As shown in Fig. 4 a layer of spin on glass 28, having

a thickness of between about 2000 and 8000 Angstroms, is

then formed on the layer of first oxide 26. The layer of

spin on glass is'then baked at a temperature of between

about 150° C and 300° C for between about 0.5 and S minutes

and cured at a temperature of between about 350° C and

500° C for between about 30 and 240 minutes.

Next, as shown in Fig. 5,. a layer of second oxide
30 having a high density and.a thickness of between about
3000 and 20,000 Angstroms is formed over the cured layer of
spin on glass 28 using plasma assisted chemical vapor
deposition. The iayer of first oxide 26, the layer of spin
on glass 28, and the layer of second oxide 30 make up a
first dielectric. Part of the layer of first oxide 26, part
of the layer of spin on glass 28, and part of the layer of
second oxide 30 are above the first plane defined by the

first surface of the layer of second metal.



DESCRI PTI ON

2-7, there is shown an

i'nventi on.

formed therein, not shown, and a dielectric layer formed thereon, not

OF THE PREFERRED ENMBODI MENTS ‘Refer now to Figs.

Fig. 2 shows an integrated circuit wafer 20 with devices

enbodi nent of the planarization nethod of this

shown. A layer of first netal 21, such as A /Cu/Si, Al/Cu, or the I|ike,

havi ng a thickness of between

about 300Qoand 10, 000 Angstronms is formed on

the integrated circuit wafer. The first netal is typically soft and would
be easily polished away during a chem cal nechanical polishing step. Next
a layer of second netal 23, such as tungsten, tungsten nitride, titanium

nitride, or the |ike Neg¢|ngs aHowhSinSkid.26¢ 2Re £irERCaANdloeHFiACAs27,

and a

t hi ckness of between about 200 and 2000 Angstrons, is forned on the |ayer
of first net allaeirizmeusenomhmcaéme@vamfcalthelisiymg véingeond netal 23
contacts the Iaxe of first neta The first surface 25 of the layer

of second nmetAF

YT s SUCh ﬁ%tcoeaia%améﬂéf:ﬂ t h&hat: BaFht ¥ ter cui ¢

wafer 20, th Y, | a d r tal 23
are bel ow the%?%?sff ﬂfgrslg 6 deéq?tgc%ﬁ%;erre% fwgtsﬁ%la?’ % %ﬁ?ﬁﬁ{r 8¥ehaw ng a
Knoop har dnes:hevaim @Ffusbih CorDiglagsezd edbdvidahé 8hided pheé) Jand hat the

second net al

W ll resist
that part of the layer of second oxide 30 above the first

plane are removed by the chemical mechanical polishing, or
CMP. When the CMP reaches the first pattern formed in the
second metal 24 the CMP is unable to remove the hard seéond
metal. The hard second metal stops the progress of tge CgP
at the first plane. 1In this way the first pattern formed in
the hard second metal 24 provides an automatic end point to
the CMP step.

The CMP step is driven by an electric motor
bowered by an electric current. ﬁhen the CMP reaches the
hard segond metal the load on the motor will éhange
significantly and will cause and increase of the electric
current powering the CMP step. By monitoring this electric
current the endpoint of the CMP step can be easily and

accurately determined.

As shown in Fig. 6, that part of the layer of
first oxide 26 below the first plane, that part of the layer
of spin on glass 28 below the first plane, and that part of

the layer of second oxide 30 below the first plane remain



bei ng polished away by the chem cal nechanical polishing step.

-9- ' Next as shown in Fig. 3 a first patternis forned in the
lrayer of first metal 22 and the same first patternis forned in the |ayer
of second netal 24. A layer of first oxide 26, having a thickness of

bet ween about 500 and 6000 Angstroms,-is then formed on the integrated
circuit wafer 20 by neans of chemi cal vapor deposition covering the first
pattern formed of the first metal 22 and the second netal 24. As shown in
Fig. 4 a layer of spin on glass 28, having a thickness of between about
2000 and 8000 Angstroms, is then fornmed on the |ayer of first oxide 26.

The | ayer o spin on glass is then _baked at a te at f between
about 150 ?Zg’%?ﬁd%}?ﬁof‘é?“%]c% PﬁFhT}b‘t%eﬁogb%ﬁn%. STand 5 &rfgl’sﬁl?tgeeg and cured
at a tenpe I f en.a 320FEqandl  SQQkRET bf GHi%a Beiveen about
30 and 240&?71{&%& ggf bﬂﬂ% i ng‘l)&’;ri\lext, gs s'hownglbﬁ Fig. 5 a layer of
second oXi3E is formed over the planarized first dielectric and

processing of the integrated circuit wafer proceeds in a

conventional manner.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in tpg art
that various changes in form and details may be made-without

departing from the spirit and scope of the invention.

wWhat is claimed is:

-



30 having a high density and a thickness of between about
Angstrons is formed over the cured | ayer of

assi sted chem cal vapor. deposition. The |layer of first oxide 26,

of spin

on glass 28, and the | ayer of second oxide 30 nmake up a

the |
first

3000 and 20, 000
spin on glass 28 using plasm

ayer

dielectric. Part of the layer of first oxide 26, part of the |ayer of spin
on glass 28, and part of the |ayer ofl2 second oxi de 30 are above the first

pl ane defined by the first surface of the |ayer of second netal.
Next, as shown in Fig. 6, the first dielectric is
pl anari zed using chenical mechanical polishing using an oxide slurry,
as colloidal silica. That part of the -layer of first oxide 26 above the

first plane 1) mamepfdd ¥ plhArisit8lon)f cSiprisingItRs Ssepsplo@ye the first

- 10 -

pl ane,

and

that part of the |ayer of second oxide 30 above the first

such

pl ane are renove®rbyiding ehchntedratedhairamt peifeshvigh devicesP. Wen the
CVP r eaches %he first pattern forned in the

rmed therein;
_ forming a layer of first metal on said integrated

circuit wafer;

forming a layer of second metal, having a first surface
apd a second surface, on said layer of first metal wherein
said second metal has a Knoop hardness value equal to or
greater than 485 kg/nm?, said second surface of said layer
of séid second metal contacts said layer of first metal, and
said first surface of said layer of said second metal forms
a first plane wherein said layer of said second metal and
said layer of first metal are below said first plane;

forming a first pattern in said layer 6f first metal
and said layer of second metal; -~

- forming a layer of first dielectric on said integrated

circuit wafer covering said first pattern formed in said
layer of first metal and said layer of second metal, wherein
rart of said layer of first dielectric is above said first
plane and part of said layer of first dielectric is below
said first plane;

removing that part of said layer of first dielectric
above said first plane, thereby planarizing said layer of
first dielectric, by means of chemical mechanical polishing
wherein said chemical mechanical continues until stopped by

said first pattern formed in said layer of second metal;

[




second metal 24 the CMP is unable to renove the hard second netal.

hard second net al

stops the progress of the CMP at the first plane.

The
In

'this way the first pattern formed in the hard second netal 24 provides an

automatic end point to the CWP step.

The CMP step is driven

by an electric nmotor powered by aniel-ectric current. \Wen the CWP reaches
the hard second netal the |load on the motor will change significantly and

wi |l cause and increase of the electric
nonitoring this electric
easily and accurately determ ned.

t hat

part of the layer of first oxide 26 below the first plane, that part of

the | ayer

f | bel.ow. the f | d, t hat t of
ayer of secondCbPFBORE BT Lres he fhenn eleceries &' °

forming a layer of second dielectric on said planarized

layer of first dielectric.

2. The method of claim 1 wherein forming said layer of first
dielectric comprises the steps of:

forming a layer of first oxide on said integrated
circuit wafer covering said first pattern formed in said
layef of first metal and said layer of second metal, wherein
part of said layer of first oxide is above said first plane

and part of said layer of first oxide is below said first

Plane;

forming a layer of spin on glass on said layer of first
oxide, wherein part of said‘layer of spin on glass is above
said first plane and part of saidllayer of spin on glass is
below said first plane;

curing said layer of spin on glass; and

forming a layer of second oxide on said layer of spin
on glass, wherein part of said layer of second oxide is
above said first plane and part of said layer of second

oxidg is below said first plane.

3. The method of claim 2 wherein said layer of first oxide
has a thickness of between about 500 and 6000 Angstroms and

is formed using chemical vapor deposition. -

[

A

current powering the CVMP step. By
current the endpoint of the CMP step can be
As shown in Fig. 6,

t he



after the chemical nechanical polishing, or CMP, has been conpleted. Next,
as ‘shown in Fig. 7, a layer of third oxide 32 is fornmed over the
planari zed first dielectric and processing of the integrated circuit wafer

proceeds in a conventional manner. Wil e the invention has
been particularly shown and descrtpgg‘yﬁth reference to the preferred
enbodi ments thereof, it wll be undérstood by those skilled in the art_
t hat various changes in formand details nmay be nmade w thout departing
fromthe spirit and scope of the invention. What is clajned
I'S: . - 12 - 1. A nethod of

pl anari zation, conprising the steps of: provi ding an integrated

circuit wafer with devices .
4. The method of claim 2 wherein said layer of spin on glass

has a thickness of between about 2000 and 8000 Angstroms.

5. The method of claim 2 wherein said layer of second oxide
has a thickness of between about 3000 and 20,000 Angstroms

and is formed using plasma assisted chemical vapor

deposition.

6. The method of claim 1 wherein said first metal is
Aluminum/Silicon/Copper having a thickness of between about

3000 and 10,000 Angstroms.

-
-

7. The method of claim 1 wherein said first metal is

Aluminum/Copper having a thickness of between about 3000 and

-~

10,000 Angstroms.

8. The method of claim 1 wherein said second metal is
Tungsten_having a thickness of between about 200 and

2000 Angstroms.

9. The method of claim 1 wherein said second metal is
Tungsten Nitride having a thickness of between about 200 and

2000 Angstroms.

________—'——"——’—_.——-d—‘.
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f ormed: t her ei n; formng a layer of first nmetal on said integrated
citcuit wafer; formng a | ayer of second netal, having a first
'surface and a second surface, on said |layer of first netal wherein said
second netal has a Knoop hardness val ue equal to or greater than 485
kg/nnferr], said second surface of said |ayer of said second netal
contacts said layer of first nmetals 1and said first surface of said |ayer
of said.second netal forns a first plane wherein said |ayer of said sécond
metal and said layer of first nmetal are below said first plane; .
formng a first pattern in said |layer of first netal and said |ayer of
second netal ; formng a layer of first dielectric on said integrated
circuit wafer covering said first pattern forned in said |ayer of first
metal and 38i.dTheywethol sealaimmet ahereireseid seaoid aletadi tis| ayer of first
dielectric is above said first plane and part of said |ayer of first
di el ectri c Tidapipm Nitzide havimg p| thickness of, betweerny abrut #20 tangk sai d
| ayer of fi@ﬁb lelectric above said first plane, thereby planarizing said
| ayer of First %ﬁﬁ&@?ric, by means of chem cal nechani cal polishing
wherein said chem cal nechanical continues until stopped by  said first
pattern fornmed in said | ayer of second netal

11. The method of claim 1 wherein said chemical mechanical

polishing uses an oxide slurry.

12. A method of planarization, comprising the steps of:
providing an integrated circuit wafer with devices
formed therein;

forming a layer of first metal on said integrated

circuit wafer;

-
-

forming a layer of second metal, having a first surface
and a second surface, on said layer of first metal wherein
said second metal has a Knoop hardness value equal to or
gre§ter than 485 kg/nm?, saié second surface of said layer
of said second metal contacts said layer of first metal, and
said first surface of said layer of said second metal forms
a first plane wherein said layer of said second metal and
sﬁid layer of first metal are below said first plane;

forming a first pattern in said layer of first metal
and said layer of second metal;

forming a layer of first dielectric on said integrated
circuit wafer covering said first pattern formed in said
layer of first metal and said layer of second metal, wherein

part of said layer of first dielectric is above said first

—_—

e



- 13 -. cl eaning said planarized |ayer of first dielectric; and
forming a |layer of second dielectric on said planarized |ayer of first

-di el ectric. 2. The nethod of claim1l wherein form ng said | ayer of first
di el ectric conprises the steps of: formng a |ayer of first oxide on
said integrated circuit wafer covering said first pattern formed in said

| ayer of first metal and said | ayer 16f-second netal, wherein part of said
| ayer of first oxide is above said first plane and part of said |ayer of
first oxide is below said first plane; formng a | ayer of spiin on

gl ass on said layer of first oxide, wherein part of said |layer of spin on
glass is above said first plane and part of said |layer of spin on glass is
bel ow sai ¢planeséndipare; of said layer of first dielectric is below

said first plane;

removing that part of said layer of first dielectric
above said first.plane, thereby planarizing said layer of
first dielectric, by means of chemical mechanical polishing
until an endpoint is reached wherein said chemical
mechanical polishing uses an electric motor powered by an
electric current and said endpoint is determined by
monitoring said electric current;

cleaning said planarized layer of first dielectric; and

forming a layer of second dielectfic on said planarized

layer of first dielectric.

-

:

13. The method of claim 12 wherein férming said layer of
first dielectric compriseé the steps of:

- forming a layer of firs;foxide on said integrated
circuit wafer covering said first pattern formed in éaid
layer of first metal and said layer of second metal, wherein
part of said layer of first oxide is above said first plane
and part of said layer of first oxide is below said first
pPlane;

forming a layer of spin on glass on said layer of first
oxide, wherein part of said layer of spin on glass is above
said first plane and part of said layer of spin on glass is
below said first'plane:

curing said layer of spin on glass; and
R ——

W



curi-ng said | ayer of spin on glass; and formng a | ayer of second

oxi de on said layer of spin on glass, wherein part of said | ayer of second
oxide is above said first plane and part of said |ayer of second oxide is
bel ow said first plane. 3. The method of claim2 wherein said | ayer of
first oxide has a thickness of betwagn-about 500 and 6000 Angstroms and

Is formed using chem cal vapor deposition.

- 14 - 4. The method of claim2 wherein said | ayer of spin on glass
has a thickness of between about 2000 and 8000 Angstrons. 5. The met hod
of claim2 wherein said | ayer of second oxide has a thickness of between
about 3000 and 20, 000 ‘Angstrons and is formed using plasm assisted

i cal vapor de
chem P pf%rm;ng a layer of second oxide on said layer of spin

on glass, wherein part of said layer of second oxide is
above said first plane and part of said layer of second

oxide is below said first plane.

14. The method of claim 13 wherein said layer of first oxide
has a thickness of between about 500 and 6000 Angstroms and

is formed using chemical vapor deposition.

15. The method of claim 13 wherein said layer of spin oﬁ
glass has a thickness of between about 2000 and '
8000 Angstroms. |

16. The method of claim 13 ;herein said layer of second

oxide has a thickness of between about 3000 and

20,000 Angstroms and is formed using plasma assisted

chemical vapor deposition.

17. The method of claim 12 wherein said first metal is
Aluminum/Silicon/Copper having a thickness of between about

3000 and 10,000 Angstroms.

18. The method of claim 12 wherein said first metal is
Aluminum/Copper having a thickness of between about 3000 and
10,000 Angstroms.

A



6. -The:nmethod of claim 1l wherein said first metal is

Al um nuni Si | i con/ Copper having a thickness of between about
7. The nmethod of claim1l wherein said first netal
Al um num Copper having a thickness of between about 3000 and 10, 000
8. The method of claimgl_wherein said second netal is
Tungsten having a thickness of between about 200 and 2000 Angstrons.
The nethod of claim1 wherein said second netal is Tungsten Nitride ha

10, 000 Angstrons.

Angst r ons.

a thickness of between about 200 and 2000 Angstrons.

19. The method of claim 12 wherein said second metal is
Tungsten having a thickness of between about 200 and

2000 Angstroms.

20. The methqd of claim 12 wherein said second metal is
Tungsten Nitride having a thickness of between about 200 and

2000 Angstroms.

21. The method of claim 12 wherein said second metal is
Titanium Nitride having a thickness of between about 200 and

2000 Angstroms.

22. The method of claim 12 wherein said chemical mechanical

-~

polishing uses an oxide slurry.
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10.- The nmethod of claim 1l wherein said second netal is Titanium N tride

havi ng a thickness of between about 200 and 2000 Angstrons. 11. The
nmet hod of claim 1 wherein said chem cal nechanical polishing uses an oxide
slurry. 12. A nethod of planarization, conprising the steps of:

providing an integrated circuit wakerow th devices formed therein;
forming a layer of first metal on said integrated ‘circuit wafer;
formng a |l ayer of second netal, having a first surface and a second
surface, on said layer of first netal wherein said second netal has a
Knoop hardness value equal to or greater than 485 kg/nnierr], said second
surface of said |ayer of said second netal contacts i@bgﬁbgﬁaﬁ“ f first
metal, and A METUDIf OF SELAYARTZATEON, OF AN ANTERMETAY, PIELEGTR X forms a
first plane wherein said | ayefipsiicas airénaxoandeosniNGnd  sai d |ayer of
first netal are below said first plane; formng a first pattern in
said |ayer of first metal A&ﬁﬂ%ﬁf@"’i THE, PIFCLOSUREY net al fornming a
| ayer of first dielectric on said integrated circuit wafer covering said
first pattern forned in said

A method of planarizing integrated circuit wafers

using chemical mechanical polishing with an automatic end
point and without u§ing‘an etchback step. An electrode
pattern is formed in a layer of soft metal, such as
Al/Cu{Si, capped with a layer of hard metal such as
tungsten. A layer of first oxide, a layer of spin on glass,
and a layer of second oxide are formed over the elec@rode
pattern. The layer of first oxide, the layer of spin on
glass, and the layer of second oxide are then planarized
using chemical mechanical polishing. The hard met;l cap on
the electrode pattern can nqQt be removed.by the chemical
mechanical polishing and fo;ms an ;utomatic end point. The
electric current powering thé motor driving the chemical

mechanical polishing changes when the hard metal cap is

reached and this change can be used to detect the end point.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



- layer, of first nmetal and said | ayer of second netal, wherein part of said

layer "of first dielectric is above said first
.- 16 - pl ane and part of said |ayer of first dielectric is below said

first plane; renoving that part of said layer of first dielectric
above said first.plane, thereby planarizing said |ayer of first
dielectric, by neans of chem cal mecpari cal polishing wuntil an endpoint is
reached wherein said chem cal nechanical polishing uses an electric notor
powered by an electric current and said endpoint is determ ned by .

nmonitoring said electric current; cl eaning said planarized | ayer of
first dielectric; and formng a | ayer of second dielectric on said
planarized Ilayer of first dielectric. 13. The nmethod of claim 12

wherein formng said | ayer of the steps of:

| ectric conpri
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form ng a layer of first oxide on said integrated circuit wafer covering
said first pattern formed in said layer of first netal and said | ayer of

. ‘'second netal, wherein part of said |ayer of first oxide is above said

first plane and part of said |layer of first oxide is below said first
pl ane; formng a |layer of spin on glass on said |ayer of first
oxi de, wherein part of said | ayer-a@/4aspin on glass is above said first
pl ane and part of said |layer of spin on glass is below said first plane;
curing said | ayer of- spin on glass; and . - 17
- formng a | ayer of second oxide on said |ayer of spin on
gl ass, wherein part of said |ayer of second oxide is .above said first
pl ane and part of said |ayer of secon@5 oxi d@7s below said fi rsh:g)l ane.
14. The method of claim 13 wherein §afa Iaxp(’of first oxide ’//
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has- a thickness of between about 500 and 6000 Angstrons and is forned

usi ng "cheni cal vapor deposition. 15. The nmethod of claim 13 wherein said
. layer of spin on glass has a thickness of between about 2000 and 8000
Angstrons. 16. The method of claim 13 wherein said | ayer of second oxide
has a thi ckness of between about 3000 and 20,000 Angstrons and is forned
using plasma assisted chem cal vapor deposition. 17. The nmethod of claim
12 wherein said first netal is A unipum Silicon/Copper having a thickness
of between about 3000 and 10, 000 An strons 18. The method of claim 12
wherein said.first metal is Al um num Copper having a thickness of between
about 3000 and 10,000 Angstronmns. - 18 -
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19. -The nethod of claim 12 wherein said second netal is Tungsten having- a -
t hf ckness of between about 200 and 2000 Angst r ons. 20. The net hod of
claim 12 wherein said second netal is Tungsten Nitride having a thickness
of between about 200 and 2000 Angstrons. 21. The nethod of claim.l12
wherein said second netal is TitaniumN tride having a thickness of

bet ween about 200 and 2000 Angstrons. 22. The nethod of claim 12
wherein said chem cal nechani cal poihsbi ng uses an oxide slurry.
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