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/’NETAL TO METAL CAPACITOR AND METHOD FOR PRODUCI NG SAVE

FI ELD OF THE | NVENTI ON - The present invention relates to

sem conduct or devi ces, el ectronic packages, or other

structures
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nore than one vertically stacked plane of thin-film conductor wring.
More particularly, the invention relates to a capacitor used in such a
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METAL TO METAL CAPACITOR AND METHOD FOR PRODUCING SAME

FIELD OF THE INVENTION

The present invention relates to semiconductor devices,
electronic packages, or other structures with more than one

verticé.lly stacked plane of thin-film conductor wiring.

More

particularly, the invention relates to a capacitor used in such a

device, and the method for producing the capacitor.

BACKGROUND OF TEE INVENTION

Generally, semiconductor devices contain multiple levels of
conductor wiring. As lithographic dimensions have reduced, and
the degree of device integration has increased, these structures
have become increasingly planar. This trend is :projected to
continue into the sub 0.25 micron regime by most major

i semiconductor fabricators.

One disadvantage of +this industry trend

is that the

relatively thick dielectric layers necessary to reduce parasitic

wiring capacitance make the incorporation of
conductor to conductor capacitors very area intensive.

intentional

This is

compounded by relatively poor capacitance tracking due to

thickness variation in <the planarized dielectrics.
elemen‘!:s are critical <to many circuit applications.

Capacitive

High

capaci-tance per unit area is essential for cost effective design.

Previous versions of thin £film capacitor devices were found

unsatisfactory because of capacitor dielectric defects
.-irregularities in an etched metal capacitor plate,

due to
dielectric

defects at the edge of the capacitor plate, and leakage around
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~device, and the nethod for producing the capacitor.
BACKGROUND OF THE | NVENTI ON Ceneral ly, seni conduct or devi ces contain

mul tiple | evel s of conductor wiring. As I|thograph|c dlnen5|ons have
reduced, and the degree of device integratiop_hz Aese
structures have becone increasingly planar Tmblgs-sEHTrke*&iBE‘éN FOJ ected to
continue into the sub 0.25 micron regin baEPh@@ED maj o

sem conductor fabricators. @Gre di'sadiesm 11 I ndustry

trend is that the relatively thick dielectric |ayers necessary to reduce
parasitic wiring capaci tance nake the incorporation of intentional

conduct or 8 ¢ GAN4ELOp) SAPILLAES YE e hERLNLARSHNE,, ThiS T conpounded

by relatively ™ poor apacitance trac due to thickness variation in
the planarized dielectrics. . Capacitive elenents are critical to mny
circuit applications. Hi gISUMMPRE | ORITHE PNVENERION area is essential for
cost effective design.
It is an object of the present invention to provide a
semiconductor capacitor device that operates reliably and
effectively.

A further object of the invention is to provide a method for
fabricating a capacitor within a semiconductor device that is -~
easy to implement and does not increase . the total process1ng t1me_f;="
'51gn1f1cantly.

The present invention provides a method for fabricating -a
capacitor within a semiconductor device comprising the steps of
forming openings in an oxide dielectric to reach a lower
conductor layer; depositing capacitor electrode materiai,.such as
tungsten to fill the openings to form a capacitor electrode and
planarizing the filled openings using chemical/mechanical polish;
depositing a selected oxide capacitor dielectric over the
capacitor electrodes and patterning the capacitor dielectric with
photoresist to 1leave dielectric covering the area of the
capacitor electrodes; striﬁping away the photoresist; and adding
an upper conductor layer on top of the capacitor dielectric to
serve as the top plate of the capacitor. The above steps may be
repeatéd to form multiple layers of capacitors within the
semiconduétor device.

The foregoing method is easy to implement and can be done at
low cost. The capacitor that results from the above method is
reliable and effective. The known problems of metal-to-metal cap
process defects are avoided. Moreover, capacitance tracking
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Previ ous versions of thin filmcapacitor devices were found unsatisfactory
because of capacitor dielectric defects due to irregularities in an
etched nmetal capacitor plate, dielectric defeets—at—the-edge-of the
capacitor plate, and | eakage around THIS SHEET HAS BEEN - 2-
the capacitor plate because of conductive residues.REPLACED '
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across the chip is improved.

This Sheet Has Been Rei

[T




It is an object of the present invention to provide a sem conductor
capacitor device that operates reliably .and effectively. A
further object of the invention is to provide a nmethod for fabricating a
capacitor within a sem conductor device that is easy to inplenent and does
not increase the total processing tinme significantly. The present

i nvention provides a nethod for fabrlgating a capacitor within a

sem conduct or device conprising the sttéps of form ng openings in an oxide
dielectric to reach a | ower conductor |ayer; depositing capacitor electrode
Jmaterial, such as tungsten to fill the openings to forma capacitor

el ectrode and pl anar i z gagrk Seddr 198 o R imiE SpriStIi@sc hem cal / mechani cal
polish; depositing a selected oxide capacitor dielectric over the
capacitor el ectrodes and patterning the capacitor dielectric with

phot or esi st Figure edvds dreferiatiien cober i A§eP tife theopethod ofhEheapacitor
el ectr ogeepgentripmntdoayay the photoresist; and adding an upper conductor
| ayer on top of the capacitor dielectric to

Figure 2 is a depiction of another step in the method of the
present invention;

Figure 3 is a deplctlon of another step in the method of the
present invention; '

Figure 4 is a depiction of another step in the method of the
present invention; and

Figure 5 is a flowchart summarizing the method  of the
present invention.
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. serve as the top plate of the capacitor. The above steps may be repeated to
formnmultiple |ayers of capacitors within the sem conduct or devi ce.

3. _ Accordi ng to anot her aspect of the present invention there
I's provided a capaci tor structuxe conpri sing: a first
patterned conductive layer; . an insulating |layer entirely
covering said first patterned conductive | ayer; a second

patterned conductive |ayer over said i#3sul ating | ayer, wherein said

insulating layer is positioned between said first patterned conductive
| ayer and said

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
OF THE INVENTION

The invention is best understood by reference to the
accompanying drawings. Figure 1 depicts the first step in the
method of the present invention. Figure 1 contemplates that
complimentary metal oxide semiconductor (*cmog) processing,
which is well known in the art (or other semiconductor or thin
film wiring process), has progressed such that .a conductor
layer 10 forms a lower level 12. On top of the lower level 12 is
an oxide dielectric 14. On top of the oxide dielectric 14 is a
layer of photoresist 16. As shown in Figure 1, one or more oxide
openings'ls and 20 are created in the oxide dielectric 14 by
“cutting througd the oxide dielectric 14 through a patterned
photoresist layer 16 to expose, at the bottom of the oxide
openingé 18 and 20, the conductor layer 10. In the preferred
embodiment of the invention, the conductor layer 10 is aluminum.
Other suitable conductor materials are copper, tungsten, gold,
single crystal,  or poly-silicon, and silicon alloys such as
titanium silizide. In the preferred embodiment of the invention,
the oxide openings 18 and 20 are-created using reactive ion etch.

Referring now to Figure 2, the oxide openings 18 and 20 can
be formed for use either as an inter-level via 22 or as a
capacitor electrode 24. Since the formation of via openings,
such as inter-level via 22 already is provided in most processing
lines, 1little or no re-tooling will be required to implement the
present invention. In Figure 2, oxide openings 18 and 20 are
£illed with tungsten. Tungsten is used in the preferred
embodiment of the invention for the capacitor electrode 24.
Other materials suitable as capacitor electrode material are
aluminum, copper, or other readily planarized conductor
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. second patterned conductive |ayer and said insulating |ayer includes at
| east one opening between said first patterned conductive |ayer and said

second patterned - conductive | ayer; a capacitor

conduct or substantlally filling a first opening of said at |east one

openi ng; and a capacitor dielectric positioned between said
capaci tive conductor and one of said first patterned conductive |ayer
and sai d second patterned conductive Layer. According to

anot her aspect of the present invention there is provided a

conplimentary netal oxide sem conductor device conprising:. a

first patt rned conduct.i ve | ayer; ndNs L Ns
entirely ng %’ﬁ sai d&??rsu(p patte?‘ﬁrecia conguctfhl ve g :i:ll%hw%é&yq{y

chemical /mechanical polishing. The polishing prov1des a smooth
capacitor electrode 24, and minimizes discontinuities between the
tungsten and the dielectric interface.

Figure 3 shows the next step in the method. As shown in
Figure 3, an oxide capacitor dielectric 30 is deposited on upper
surface 26. In the preferred embodiment of the invention, the
oxide capacitor dielectric 30 is silicon dioxide. The capacitor
dielectric 30 can be formed from any single or cémposite
dielectric of any thickness. In the preferred embodiment of the
invention, the thickness of the layer of capacitor dielectric is
300 to 1800 Angstroms. Examples of other suitable capacitor
dielectric 30 material include, but are not limited to silicon
nitride and silicon oxy-nitride. The polishing of the upper
surface 26 promotes a strong and even bond between the capacitor
dielectric 30 and: the capacitor electrode 24. Photoresist 32
then is layered on top of the capacitor dielectric 30. The
photoresist 32 is patterned such that capacitor dielectric 30
completely covers the capacitor electrode 24. The photoresist 32
then is stripped away.

As shown in Figure 4, a second conductor layer 40 is formed
by depositing a conducting material on top of the patterned layer
of  capacitor dielectric 30. Conductor layer 40 may form a lower
plate of a second capacitor electrode. Conductor layer 40 also
serves -as the top plate of the capacitor 42 formed with
conductive layer 10 as the lower level 12.

Figure 5 is a flowchart of the method of the present
invention.



.a second patterned conductive |layer over said insulating |ayer, wherein

sai d insulting layer is positioned between said first patterned
conductive layer and said second patterned conductive |ayer and said
insul ating |layer includes at |east one openi ng between said first
patterned conductive |ayer and said second patterned conductive

| ayer; a capacitor conductor substantially filling a first
opening of said at |east one openi ng; and

3a a capacitor dielectric positioned between said capacitive

conduct or and one of

The method of the present invention c¢an be implemented at
low cost. Known metal-to-metal cap process defects are avoided.
Capacitor tracking across the chip is improved. Moreover, the
yield is improved. For example, over 600 sites, a 1 volt yield
of 100%, and a 40 volt yield of 99.6% was achieved for a 1,000
angstrom silicon dioxide dieleqtric.

The invention has been described with particularity. Those
skilled in the art will know that modifications are possible that
do not depart from the spirit or scope of the invention. Thus,
the invention is limited only by the following claims and their
equivalents.
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~said first patterned conductive |layer and said second patterned conductive

| ayer. According to anot her aspect of the present

i nvention there

is provided a capacitor forned in a structure having a first conductive
| ayer, a second conductive layer and an insulating_Lang_EQELllgﬂEgr__
bet ween said first conductive |layer and said sSecond conductive sai d

conductive layer and said second condugtive |ayer,

insul ating |ayer including at |east or_lg— openi ng bet weﬁnmml’ﬂ""m, er

entirely covering said first conductive |ayer, said capacitdr @onpr|5|ng
a conduct or substantially filling a first opening of said at |east one

openi ng:

and

I nsul at or positioned between said conductor and

one of sai WHAT (&§ 993ﬁﬂﬁet¥%e | ayer and said second conductive | ayer.

1. A method for forming a capacitor in a semiconductor

device or other thin film wiring structure comprising the steps

of

forming one or more oxide openings in an oxide
dielectric until a lower conductor level is exposed at the
bottom of each opening;

depositing a capacitor electrode material in each oxi@e
obening to be used as a capacitor electrode until the oxide
opening is full and planarizing the filled oxide openings to
form a smooth surface;

depositing a dielectric material on top of the smooth
surface and applying and patterning photoresist on top of
the dielectric material such that each .capacitor electrode
is entirely covered by photore51st then strlpplng away the
photoresist; and ; ;

applying an upper conductor level on top ‘of the
patterned dielectric material. '

2. The method of Claim 1 wherein one or more of the

conductor levels is a metél.

3. The method of Claim 2 wherein the metal is copper,

aluminum, or tungsten.

4.- The method of Claim 1 wherein one or more of the

conductor levels is a silicon material.

5. The method of Claim 4 wherein the silicon material is

polysilicon or single crystal silicon.
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3a - Accordi ng to another aspect of the present invention there is
‘provided a capacitor forned in a structure having a first conductive

| ayer, a second conductive |ayer and an insul ati ng Tayer positioned

bet ween said first conductive |layer and said second sai d
insulating layer including at | east one opening betwe g'\mmuim“"ﬁnm“
conductive | ayer and said second conductive |ayer, sai@G capacltwor s =
conpri si ng: a conductive subsPaﬁtlaIIy f||||ng a flrst openi ng of

said at | east one opening: and an insul ator positioned between

sai d conductor and one of said first conductive |ayer and said second
conducti ve |aye$ﬂ The method 6f Claim 1 wherein the capacitor electrode -

material is tungsten.

7. The method of Claim 1 wherein planarization is
performed by chemical/mechanical polishing.

8. The method of Claim 1 wherein the dielectric material
is silicon dioxide.

"9, The method of Claim 1 wherein the dielectric material
is in the range of 300 to 1800 Angstroms thick.



e

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a depiction of a step
in the method of the present invention; Figure 2 is a depiction of
another step in the nethod of the present invention;

{ TR 0 THIS SHEET HAS BEEN
* c L M S *
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10. A capacitor for use in a semiconductor device or other
thin film wiring structure comprising

a lower conductor level;

capacitor electrode material on top of the lower
conductor level; . '

patterned dielectric material on top of the capacitor

~ electrode material; and

an upper conductor level on top  of the patterned

dielectric material.

11. The method of Claim 10 wherein one or more of the
conductor levels is a metal.

12. The method of Claim 11 wherein the metal is copper,
aluminum, or tungsten.

13. The method of Claim 10 wherein one or more of the
conductor levels is a silicon material. '

14. The method of Claim 13 wherein the silicon material is
polysilicon or single crystal silicon.

15. The method of Claim 10 wherein the capacitor electrode
material is tungsten.

16. The method of Claim 10 wherein the dielectric material
is silicon dioxide.

17. The method of Claim 10 wherein the dielectric material
is in the range of 300 to 1800 Angstroms thick. ’

—_—
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Figure 3 is a depiction of another step in the nethod of the present

“invention; Figure 4 is a depiction of anoth sten-in the pethod of
t he present invention; and Figure 5is a flg BHeETPRLIgHERY ||t he
met hod of the present invention. : 'REPLACED

11
METAL TO METAL CAPACITOR AND METHOD FOR PRODUCING SAME
ABSTRACT ]

The present invention provides a method for fabricating a capacitor within a
semiconductor device comprising the steps of forming openings (18, 20) in an oxide
dielectric (14) to reach a lower conductor layer (10) which will serve as a lower
conductor plate of the capacitor; depositing capacitor electrode material, such as tungsten
to fill the openings (18, 20)'to form a capacitor electrode (24) and planarizing the filled
openings using chemical/mechanical polish; depositing a'sélected oxide capacitor
dielectric (30) over the capacitor electrodes (24) and patterning the capacitor dielectric
with photoresist to leavé dielectric covering the area of the capacitor electrodes;
stripping away the photoresist (32); adding an upper conductor layer (40) on top of the
capacitor dielectric to serve as the top plate of the capacitor. The above steps may be -
repeated to form multiple layers of capacitors within the semiconductor device.

Fig. 1

This Sheet Has Been Rep

[ lIIIII i




-5- % DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT

GF"THE | NVENTI ON The invention is best understood by reference
to  the acconpanying drawings. Figure 1 depicts the first step in the
met hod of the present invention. Figure 1 contenplates that
conplinmentary netal oxide sem conductor ("CMOS") processing, which is
well known in the art (or other sem conductor or thin filmwring process),
has progressed such that a conductor |ayer 10 forns a |lower level 12. On
top of the lower level 12 is an oxide dielectric 14. On top of the oxide*’
dielectric 14 is a |l ayer of photoresist 164 shown in Figure 1, one or
nore oxi de openings 18 and 20 are created in the oxide dielectric 14 by
cutting through the oxide dielectric 14 through a patterned photoresi st

| ayer 16 to expose, at the bottom of the oxide openings 18 and 20, the
conductor layer 10. 1In the preferred enbodi nent of the invention, the
conductor layer 10 is alum num O her suitable conductor materials are
copper, tungsten, gold, :

D e A S wa A s ey
S B T e e S i

FIG - 2



singlke crystal, or poly-silicon, and silicon alloys such as titanium
silizide. In the preferred enbodi rent of the invention, the oxide openings
18 and 20 are created using reactive ion etch. Referring now to
Figure 2, the oxide openings 18 and 20 can be forned for use either as an
inter-level via 22 or as a capacitor electrode 24. Since the formation
of via openings, such as inter-level via 22 already is provided in nost
processing lines, little or no re-tooling will be required to inplenent the
present invention. |In Figure 2, oxide openings 18 and 20 are filled
with tungsten. Tungsten is wused i% /ghe preferred enbodi nent of the
invention for the capacitor electrode 24." OGher nmaterials suitable as
capacitor electrode material are alumi num copper, or other . readily
pl anari zed ‘conductor .




-6- < materials. The upper surface 26 then is planarized by

chem cal / nechani cal polishing. The polishing provides a snooth capacitor
el ectrode 24, and minim zes discontinuities between the tungsten and the
dielectric interface. Figure 3 shows the next step in the nethod.
As shown in Figure 3, an oxide capacitor dielectric 30 is deposited on
upper surface 26. In the preferred enbodi nent of the invention, the oxide
capacitor dielectric 30 is silicon dioxide. The capacitor dielectric 30 can
be fornmed fromany single or conposite dielectric of any thickness. In "'
the preferred enbodi nrent of the invention,,t t hi ckness of the |ayer of
capacitor dielectric is 300 to 1800 Angs?/bns. Exanpl es of ot her
suitabl e capacitor dielectric 30 material include, but are not ., limted to
silicon nitride and silicon oxy-nitride. The polishing of the upper

- FIG-5

ETCH INTERLEVEL VIAS

l

FILL WITH TUNGSTEN

l

PLANARIZE WITH CHEMICAL/MECHANICAL POLISH
OR EQUIVALENT PLANARIZATION METHOD

:

DEPOSIT CAPACITOR DIELECTRIC

'

PATTERN DIELECTRIC, EXPOSING INTERLEVEL VIAS

DEPOSIT NEXT LEVEL OF METAL

CONTINUE REMAINDER OF THIN FILM
INTERCONNECT PROCESS




‘syrface 26 pronptes a strong and even bond between the capacitor dielectric
30 and the capacitor electrode 24. Phot oresi st 32 then is |ayered on
top of the capacitor dielectric 30. The photoresist 32 is patterned such
that capacitor dielectric 30 conpletely covers the capacitor el ectrode 24.
The photoresist 32 then is stripped away. As shown in Figure 4, a
second conductor layer 40 is forared by depositing a conducting material on
top of the patterned |ayer of capacitor dielectric 30. Conductor |ayer 40
may forma lower plate of a second capacitor el ectrode. Conductor |ayer 40
al so serves as the top plate of +the <capacitor 42 formed wth
conduct thee clapgeitdi) plsteHezedamser of exasidugpive residugdgure 5 is a flowchart
~of the nmethod of the present invention.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
semiconductor capacitor device that operates reliably and
effectively.

A further object of the invention is to provide a method for
fabricating a capacitor within a semiconductor device that is
easy to implement and does not increase the total processing time
significantly. | '

The preseht invention provides a method for fabricating a
capacitor within a semiconductor device comprising the steps of
forming opénings in an oxide dielectric to reach a lower
conductor layer; depositing capacitor electrode material, such as
tungsten to £ill the openings to form a capacitor electrode and
planarizing the filled openings using chemical/mechanical polish;
depositing a selected oxide capacitor dielectric over the
capacitor electrodes and patterning the éapacitor dielectric with
photoresist to leave dielectric covering the area of the
capacitor electrodes; stripping away the photoresist; and adding
an upper conductor layer on ‘top of the capacitor dielectric to
serve as the top plate of the capacitor. The above steps may be
repeated to form multiple layers of capacitors within the

gsemiconductor device.
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The method of the present invention can be i t.- Known
s‘metal -to-netal cap process defects are avoi dedl tfyrPgGeEtORAS BEENI [Ig across
the chip is inmproved. Mreover, the yield is ijirprovegpLAkGeEDexanp|le, over

600 sites, a 1 volt yield of 100% and, a 40 vdk=yetd=6F—996%0Was
achi eved for a 1 000 angstrom silicon dioxide dielectric. The
‘invention has | it ip the art
wi |l know t hat grd?" ,%ﬁ@egfﬁggggf‘hﬁ’k%ﬁ \ %ggnnc;[ eengr(#’H r‘ger(rl]
.spirit or scope of theln\zentlon Thus, thelnventlonlT | 't dunlg
“the foll cﬁﬂi’%‘géf%cﬁgeﬁmpflﬂﬁgr equi val ent s. REPLACEMENT SHEET

a first patterned conductive layer; . 18 AUG 1999

an insulating layer over said first patterned conductive fayer;

a second patterned conductive layer over said insulating layer, wherein said
insulating layer is positioned between said first pattcrned conductive layer and said
second patterned conductive layer and said insulating layer includes at least one via
between said first patterned conductive layer and said sccond patterned cénductivc
layer:

a capacitor conductor substantially filing a first via of said at least ohe via; and

a capacitor insulator positioned between said capacitive conductor and one of
said first patterned conductive léycr and said second patterned cdnductive layer.

According to another aspect of the present invention there is provided a

| complimentary metal oxide semiconductor device comprising:

a first pattemed conductive layer;

an insulating layer over said first patterned conductive lay;:f;

a second patterned conductive layer over said insulating ]ayer, wherein said
insulting layer is positioned between said first patterned conductive layer and said
second patterned conciuctive layer ar;d said insulating layer includes at least one via
between- said first patterned conductivé layer and said second patterned conductive .
layer: .

a capaciior coﬁductor _substmtia]ly filling a first vié of said at lcast onc via; and

a capacitor insulator positioned between said capacitive conductor and one of

said first patterned conductive layer and said second patterned conductive layer.

\
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10. - A capacitor structure conprising: a first patterned

conductive | ayer; . an insulating | ayer epii+telyeovering-—said first
patterned conductive |ayer; a second ptmsa&ﬂ@mﬂ;lﬂﬁﬂt\ve | ayer
over said insulating |ayer, wherein said insulfting REBLmCan posilit i oned
bet ween said first patterned conduct i ve'd ayer atRi—SaF——SecoRe—Patt er ned

conductive |layer and said insulating |ayer includes at | east one openi ng
bet ween sai d fi r &ecqrdingetonanpthernampetti of theapresend nidvertiod élemorsdpmtdedrmed

conductive | ayer:

capacitor formed in a structure hav1n° a first conductive layer, a second conductive

layer and an insulating layer positioned between said first conductive layer and said

second conductive layer, said insulating layer including at least one opeﬂing between

said first conductive layer and said second conductive layer, said capacitor comprising:
a conductive substantially filling a first opening of said at least one opening:

and

an insulator positioned between said conductor and onc of said first conductive

layer and said second conductive layer.

—_—
~ This Sheet Has B
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a: capacitor conductor substantially filling a first opening
| east one opening; and a capacitor dielectric pos
sai d capacitive conductor and one of (psai
and sai d second patterned conductive |ayerf

I 0, di I ;
aid 11 raf pat PerRaond, 3%??@‘81’{‘%% salla

| ayer and said_capacitor
i r st

THIS

A§ BEEN

first patterned copducti ve | ayer‘
t 4r8 ALIGL1998r €

ni ckness and

er ne|

The capaci tor & gelatinglayer QYF&$%4 tisppatigrmed cpndustivel laygivaci t o

a

a second patterned conductive layer over said insulating layer, wherein said
insulating layer is positionad between said first patterned conductive layer and said
second patierned conductive layer and said insulating layer includes at least one via
between said first patterned conductive layer and said second patterned conductive
layer;

a capacitor conductor substantially filing a first via of sé.id at least one via; and

a capacitor insulator positioned between said capacitive conductor and onc of
said first patterned couductive layer and said sccond patterned conductive layer.

11. The capacitor structure in claim 10, wherein said capacitor insulator has a first
thickness and said first patterned conductive layer, said second patterned conductive
layer and said capacitor conductor each have thicknesses greater than said first
thickness.

12 The capacitor structure in claim 10, wherein said capacitor insulator has a
thickness between 300 and 1800 Angstroms.

13. The capacitor structure in claim 10, wherein said capacitor insulator has a

thickness of approximately 1000 Angstroms.

14. The capacitor structure in claim 10, wherein said capacitor insulator has a -

thickness of approximately 300 Angstroms.
1S. The ;apacitor structure in claim 10, wherein:

said first patterned conductive layer, said second patterned conductive layer
and said capacitor conductor each comprise at least one of aluminum, copper, tungsten,

gold, single crystal polysilicon, poly-crystal polysilicon and silicon alloys; and

conductive

4 H L{ each have t hi cknesses gﬁwr
t hi ckned&rst Pguemme °°T’ RelYs ao?’(?ftor structure in cl

sa
capacitor dielectric has a thickness between 300 and 1800 ﬁlmmlumj Hilum
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thickness 0 Angstrons. 14. The capacitor structure
in claima10, said ca aC| tor dielectric has a th| ckness of
approxirmtelmﬁﬁi)lhm, w) . The [fCapatt tor—StraretstH e in claiml10,
wher ei n: pat t et ned oﬁa@cﬁ"i’ﬁ% H éEENS| d second
patterned conductlve Iayer and sard caamtoﬁ g tor. gach conprise at
| east one of alum num copper, .tungsten, gol d, singre crystal

pol ysi | i con, Saisbfiyst paiemed cprauptve laysh %steé’mlld @Wf&?‘\gmuc%‘ffdlayef

and said capgcitor conductor each comprise at least one of aluminum, copper, tungsten,
gold, single crystal polysilicon, poly-crystal polysilicon and silicon alloys; and

said insulating layer and said capacitor insulator each comprise at least one of
silicon dioxide, silicon nitride and silicon oxy-nitride.
16. The capacitdr structure in claim 10, wherein:

said first patterned .conducti\}e layer coruprises a lower capacitor plate;

said second patterned conductive layer comprises a tip capacitor plate; and

said capacitor insulator is positioned between said capacitor conductor and said
top capacitor plate. |
17. The capacitor structure in lclaim 16, wherein said lower capacitor plate, said
capacitor conductor, said capacitor insulator and said lop capacitor plate comprise a

capacitor formed in a portion of a complimentary metal oxide semiconductor device. _

REPLACEMENT SHEET

18. A complimentary metal oxide semiconductor device comprising:
| | 18 AUG 1999

a first patterned conductive layer,

an insulating layer over said first patterned conductive layer;

a second pattemned conductive layer over said insulating .layer, wherein said
insulting layer is positioned betwegn said first pattemed conductive layer and said
second pattemed conductive léyer and said insulating layer includes at least one via
between said first patterned conductive layer and said second paiterned conductive
layer;

a capacitor conduétor substantially filling a first via of said at least one via§ and

a capacitor insulator positioned between said capacitive conductor and onc of

said first patterned conductive layer and said second patterned conductive fayer.

This Sheet Hii |l|3een\| Ieﬂlaced
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said insulating layer and said capacitor dielectric each conprise at |east
one of silicon dioxide, silicon nitride and_silicon oxy-nitride. 16.

The capacitor st “ Ilﬂ! H Iﬂmelo, wher eifjn: —— 5 jrst patterned
conductive | ayer” N’m ;ﬂ II sI Ly r Cap? it rTB‘Sa\Q%%EET HAS BEEN aid second
patterned conduct' vé Iéye? conprises a gop .EFABFBte: d

sai d capacitor dielectric is positioned between said capacrtor conductor
and said {%p caphectoreplipeniary. metaly oxide sgmisondyssari deyicesinr ¢laimuld whereinai m 16,
wherein said | ower capacitor plate, said capacitor conductor, said

capaci t or ghictapatitdrinsubrorsteis dirstabickrgsnand suid fitst patrepatindondactive \HRAIEIdL OF
formed in a portion of a conplinentary netal oxide sem conductor device.

"18. A coirphd gﬂt&ﬁedycdﬁaﬁaiveqé}a%a%mdcaamf QbnciRI0r GBelf RER thitkRdkses

a first patterned conductive | ayer;
greater than said first thickness.

20. The complimentary metal oxide semiconductor device in claim 17, wherein
saia capacitor insulator has a thickness between 300 and 1800 Angstroms.
21. The complimentary metal oxide semiconductof device in claim 17, wherein
said capacitor insulator has a thickness of approximately 1000 Angstroms.
22, The compiim.entary metal oxide semiconductor device in claim 17, wherein
said capacitor insulator has a thickness of approximately 300 Augstroms.
23. The complimentary metal oxide semiconductor device in claim 17, wherein:
said first patterned conductive layer, said second patterned conductive layer and said
capacitor conductor each comprise at least one of aluminum, copper, tungsten, gold,
single crystal polysilicon, poly-crystal polys'ilicon and silicon alloys; and

said insulating lﬁyer and said capacitor insulator each comprise at least one of
silicon dioxide, silicon nitride and silicon oxy-nitride.

24, The complimentary metal oxide semiconductor device in claim 17, wherein:

JEMENT SHEET
REPLAF‘FME -1 said first patterned conductive layer comprises a lower capacitor plate;

- 18 AUG 999 '_ second patterned conductive layer comprises a top capacitor plate; and
_ ' c;apacitor insulator is positioned between said capacitor conductor and said
top capacitor plate.
25, A capacitqr formed in a structure having a first conductive layer. a second

conductive layer and an insulating layer positioned between said first conductive layer

and said second conductive layer, said insulating layer including at least one opening
.
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an.insulating |ayer entirely covering said first patterned conductive

;| ayer; T asecondpatterned conductive |ayer over said insulating

| ayer, wherein ' insulting layer is tToned—between=sai d first

pat t er ned conommy@”l' " ﬂﬂ’ said secor|f 'pit BEEREHAS BEEdCli ve | ayer and
sai d insul ati ng A at | eadf on op&FPAACEBt ween(lsai d first
patterned conductive |ayer and said second patterned cond I ve | ayer

a capaci t betweemdaidt fixst sorduttive laykt ynd 5did ise@nd dobdsdtivefieyernghidicapagiter at

.l east one opening: and a capacitor dielectric positioned

" bet ween S%‘ﬁ f@Rgci tive conductor and one of said first patterned
conductive gyer and said second patterned conductive | ayer.

a conductive substantially filling a first opening of said at least one opening:
and

an insulator positioncd between said conductor and one of said first conductive
layer and said second conductive layer.
26.  The capacitor in claim 24, wherein said insulator has a first thickness and saia '
first conductive layer, said second conductive layer and said conductor each have
thicknesses greater than said first thickness.
27. The capacitor in claim 24, wherein said insulator has a thickness between 300
and 1800 Angstroms.

28. The capacitor in claim 24, wherein said insulator has a thickness of

approximately 300 Angstroms.
29. The capacitor in claim 24, wherein:

said first conductive layer, said second conductive layer and said conductor
each comprise at least one of aluminum, copper, tungsten, gold, single crystal
polysilicon, poly-crystal polysilicon and silicon alloys; and

said insulating laycl; and said insulator each comprise at least one of s_iliéon

dioxide, silicon nitride and silicon oxy-nitride.
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19.. The conplinmentary netal oxide sem conductor device in claim17,
twherein said capacitor dielectric has first thickness and said first
patterned conductive |ayer, said second patterned conductive |ayer and
sai d capacitor conductor each have thicknesses greater than said first
t hi ckness. 20. The conplinentary qgtal oxi de sem conductor device in
claim17, wherein said capacitor dielectric has a t-hickness between 300

d 1800 A , 1 i i t
an rm’m,;ﬁgg MV\ETAL cﬁh@x%ﬁpmmgmfg ;gegq\gcm@ Amguc or

device in clarm erein sald capa as a thickness of

appr oxi nateairR AP0 Angstrons. : _

The present invention provides a method for fabricating a capacitor within a

semiconductor device comprising the steps of forming openings (18, 20) in an oxide
dielectric (14) to reach'a. lower conductor layer (10) which will serve as a Jower
conductor plate of the capacitor; depositing.capacitor eledﬁode material, such as tungs_ten
1o fill the openings (18, 20) to form a capacitor electrode (24) and planarizing the ﬁlled
| opexnings using chemical/mcchanicﬂ polish; depositing a selected oxide capacitor
dielectric (30) over the capacitor eIectrodcs (24) and patterning the capacitof dielectric
with photoresist to leave dielectric covering the area of the capacitor electrodes;
stripping away the photoresisi (32); addiﬂg an upper conductor layer (40) on top of the
capacitor dielectric to serve as the top plate of the capacitor, The above steps may be
repeated to form multiple layers of capacitors within the semiconductor device.

Fig. 1 '




22.; The conplinmentary netal oxi de sem conductor device in claim17,
wherein said capacitor dielectric has a thickness of ‘approxi mately 300
Angstroms. 23. The conplinentary nmetal oxi de sem conductor device in
claim17, wherein: said first patterned conductive |ayer, said second
patterned conductive |ayer and sailfl capacitor conductor each conprise at
| east one of alum num copper, tungsten, gold, single crystal polysilicon,

.poly-crystal A%Ediﬁ%g?tca&ggthgﬂng?p%&t“b?% Ce%é?ﬂ%hveiﬁén there s provi

| ayer and sai d cap ectric e conprise at |eds
di oxid Silico I tri \nd silicon oxy-nitride. 24. The
net al §§H‘8%°‘§§Pﬁpf%@ﬁaﬁ‘§ﬂ§¥@devi ce in claim17, wherein:

first -patterngd conducgtive | ayer conprises a | ower capacitor
sai d second PHFst BIIFENFICORMGEYS 18¥eN ayer conprises a top capac

an insulating layer entirely covering said first patterned conductive layer;

- a second patterned conductive layer over said insulating layer, wherein said
" insulating Iayer is positioned between said first patterned conductive layer and said .
second éattgmed conductive layer and said insulating layer includes at leas;t one
© \~/ _ opening between said first patterned conductive layer and said second patterned
| conductive layer;
a capacitor condustor subétantially filling a first opening of said at least one
opening; and
 a capacitor dielectric positioned between said capacitive conductor and one of
* said first patterned conductive layer and said second patterned conductive layer.
| According to another aspect o'i'; the present invention there is provided a
complimentary metal oxide semiconductor device comprising:
- | - a.ﬁrét patterned conductive layer;
an insulating la}lfer entirely covering said first patterned conductive layer;
a second patterned conductive layer over said insulating layer, wherein said
" insulting layér is positioned between .said first patterned conductive layer and said
second patterned conductive layer and said insulating layer includes at least one
opening between said first patterned conductive layer and said second patterned

conductive layer;

a capacitor conductor substantially filling a first opening of said at least one
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sai'd capacitor dielectric is positioned between said capacitor conductor

and * said top capacitor plate. 25. A capacitor fornmed in a
structure having a first conductive |layer, a second conductive | ayer and
an insulating |ayer positioned betygen said first conductive |ayer and

sai d second conductive layer, said insulating |ayer including at |east one
openi ng . : . " ; : " : n said
Cfirst conduc? ¥R c1t(gydex$lecérrl]%p %sétlwg e% g?:t(‘)”r%n g%%gﬂgfxft\geec?néiy%t%?a%ﬁiﬁ{évﬁsul ating

| ayer entirely coveri sajd first,.condyctive |ayer.. said capacitor :
conpri §F‘F}g§{‘5t phttetnc °°n§‘9°€8ﬁbaewf*5§%§‘t°a§?mm%¢ *}(&W’H%Paé{e‘i‘i rst opening of
said at |east one opening; and . ) ] .

‘ According to another aspect of the present invention there is provided a

capacitor formed in a struoture having a ﬁfst conductive layer, a second conductive
layer and an insulating layer positioxied between said first conductive layer and said
secorid conductive layer, said insulating layer including at least one opening between
said first conductive layer and said second conductive layer, said insulating layer
o entirely covering said first conductive layer, said capacitor comprising:
a conductor substantially filling a first opexiing of said at least one opening;: and

an insulator positioned between said conductor and one of said first conductive

layer and said second conductive layer.




an insul ator positioned between said conductor and one of said first
conductive |ayer and said second conductive | ayer: he capaC|tor

in ciaim25, wherein said dielectrjg has a first th HESS and sal first

conductive |layer, said second conductive | ayer and ch have

t hi cknggses r& rst thickness.

cl.aim 3@ anr eﬁﬁcﬁéréhﬁ\@@:eﬁ%%*g has a thi ckness bet ween 306 %md* 1800
Angst rons. 3. paC| tor in claim 25, vvherel n said dielectric has
a thicknéss & “StBW' l§ 3 Angst r ons. The capacitor in claim

25, Wherein: sald first conductive Ia er, said second conducti ve
| ayer and s apajingwiatingdaysr entirgly cqveringseid st patter nduetivefayet: uni num  copper’,
tungsten gold, single crystal '

a second patterned conductive layer over said insulating layer, wherein said

insulating layer is positioned between said first patterned conductive layer énd said
second patterned conductive layer and said insulating layer includes at least _éne
opening between said first patterned conductive Tayer and said second patterned
conductive layer:
h a capacitor conductor substantially filling a first opening of said at least one
opening; and |
a capacitor dielectric positionéd between said capacitiQe conductor and one of
said first patierned conductive layer and said second patterned conductive layer.
11. The capacitor structure in claim 10, wherein said capacitor dielectric has a first
_ ‘thickness and said first patterned conductive layer. said second patterned conductive
layer and said capacitor conductor each have thicknesses greater than said first
_ _thioknesé.

~ ~ The capacitor structure in claim 10, wherein said capacitor dielectric has a

thickness between 300 and 18300 Angstroms.

-~

13. The capacitor structure in claim 10, whete'm_ said capacitor dielectric has a
thiokness of approximately 1000 Angstroms. |

SETY .The capacitor structure in claim 10, wherein said capacitor diclectric has &
tMpkﬁcss of approximately 300 Angstroms.
15. The capacitor structure in claim 10, wherein:

said first patterned conductive layer, said second patterned conductive layer

and said capacitor conductor each comprise at least one of aluminum, copper, tungsten,

HFFT .
gold, smgle crystal polysilicon, poly-crystal polysﬂlcon and silicon alloys:_ and REPLACEMENT S S
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pol ysilicon poly-crystal polysilicon and silicon al l oys; and

said i'nsulating layer and said dielectric each corprtse—at—teast—one of -
silicon dioxide, silicon nitride gpd silicon oxy-

bet ween said first conductive |ayer and said second mﬂj '“.H“ngl sai d’
capacitor conpri sing: a conductive substa first
openi ng of said at |east one opening: and

said insulating layer and said capacitor dielectric each comprise at least one of
silicon dioxide, silicon nitride and silicon oxy-nitride.
16. The capacitor structure in claim 10, wherein:

said first patterned conductive layer comprises a lower capacitbr plate;

said second patterned conductive layef comprises a top capacitor plate; and

said capacitor dielectric is positioned between said capacitor conductor and

said top capacitor plate.
~ 17. The capacitor structure in claim 16, wherein said lower capacitor plate, said
~ - capacitor conductor, said capacitor. dielectric and said top capacitor plate comprise a
capacitor formed in a portion of a complimentary metal oxide semiconductor device.
_ 18. | . A complimentary metal oxide semiconductor device co.mptisir.xg:
a first patterned conductive layer;
an insulating layer entire& covering said first patterned conductive layer;
a second patterned conducﬁvé layer over said insulating layer, wherein said
insultir_:g layer is positioned befween said first patterned conductive layer and said
9 _

second patterned conductive layer and said insulating layer includes at least one
apening between said ﬁrst patterned conductive layer and said second patterned
cor;ductivc laver;
- a capacitor conductor substantially filling a first opening of said at leas: one
opening: and
a capacitor dielectric positioned beiween said capacitive conductor and one o

said first patrerned conductive layer and said second patierned conductive layer.
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an .insul-at or positioned between said conductor and one of said first
conductive |ayer and said second conductive |ayer. 26. The capacitor
in ctlaim?24, wherein said insulator has a first thickness and said first
conductive layer, said second condygtive |ayer a ﬁ I“ﬂ“ﬂ“ﬂu ﬂﬂ“ each have
1t hi cknesses greater than said first“thickness. 3 I‘m Mt or in

cl aim 24, wherein said insulator has a thickness betveeh 380 *and 1800
-Angstronms. 28. The capacitor in claim 24, wherein said insulator has a
t hi ckness of approxi mately 300 Angstrons. 29. The capacitor in claim
24, . wher®i n: The complimentdryl mstal sxideosethiconguctor| deyise in shiid Feddmekionduct i ve |
-layer and said conductor each conprise at |east one of alum num copper,

t ungst eRaid @apalitordi¢ledte Basyirttatiickness and said first patterned conductive layer, said

" second patterned conductive layer and said capacitor conductor each have thicknesses

greater than said first thickness.
20. The complimentary metal oxide semiconductor device in claim 17, wherein

said capacitor dielectric has a thickness bciween 300 and 1800 Angstroms.
21. The cbmplimentary metal oxide semiconductor device in claim 17, wherein
- said capacitor dielectric has a thickness of approximately 1000 Angstroms.
22. . The complimentary metal oxide semiconductor device in claim 17, wherein
said capacitor dielectric has a thickness of approximately 300 Angstroms.
23, The complimentary metal oxide semiconductor device in claim 17, wherein:
said first .pattemed conductive layer, said second patterned conductive layer and said
~ capacitor conductor cach comprise at least one of aluminum, copper, tungstcﬁ_. gold,
~ single crystal polysilicon, poly-crystal polysiiicon and silicon alloys; and |
" said insulating layér and said capacitor dielectric each comprise at least oue of
silicon dioxide, silicon nitride and silicon oxy-nitride.
* 24, The complimentary metal o'xide sémiconductor device in claim 17, wherein:
‘said first patterned conductive layer comprises a lower capacitor plate;
said second patterned conductive layer comprises a top capacitor plate; and
said capacitor dielectric is positioned between said capacitor conductor and
said top capacitor plate.
25, A capacitor formed in a structure having a ﬁrst conductive iayer, a second
' condﬁctive layer and an insulating layer pogitioned between lsaid first conductive layer

and séiﬁ second conductive layer, said insulating layer including at least one opening



pol ysilicon, poly-crystal polysilicon and silicon W
St fgi)ﬂf“h?é'x{‘%e', i on nitri hES%LSt i1 Toon oxy il ﬂﬁ\\ﬂlilﬁlt\\lﬂﬂﬂle
berween said first conductive layer and said second conductive layer, said insulating
' ' ‘layei- entirely covering said ﬁrst'éonductive layer, said capacitor comprising:
& conductor substantially filling a first opening of said at least one opening: and
an insulator posiﬁgned between said conductor and one of said first conductive
1aiyer and said second conductive layer.
26, °  The capacitor in ;:Iaim 25, wherein said dielectric has a first thickness and said

first conductive layer, said second conductive layer and said conductor each have

- thicknesses greater than said first thickness.

~ 27. The capacitor in claim 25, wherein said djelectric has a thickness between 300
and 1800 Angstroms.
- 28. The capécitor in claim 25, wherein said dielectric has a thickness of
' app:o}cimateiy 300 Angstroms.
29, The capacitor in claim 25, wherein:
said first conductive Jayer,. said second conductive layer and sa.id conductor
each comprisc at least one of aluminum, copper, tungsten. gold,. single crystal
polysilicon, poly-crystal polysilicon and silicon alloys; and

said insulating layer and said dielectric each comprise at least one of silicon

dioxide, silicon nitride and silicon oxy-nitride.




