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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
aevice, 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
semiconductor fabricators. ' i '

One disadvantage of +this industry trend is that the
relatively thick dielectric layers necessary to reduce parasitic
wiring capacitance make the incorporation of intentional
conductor to conductor capacitors very area intensive. This is
compounded by relatively poor capacitance tracking due to
thickness variation in the planarized dielectrics. Capacitive
elements are critical to many circuit applications. High
capaci-i:ance per unit area is essential for cost effective design.

Previous versions of thin £film capacitor devices were found
unsatisfactory because of capacitor dielectric defects due to
.-irregularities in an etched metal capacitor plate, dielectric
defects at the edge of the capacitor plate, and leakage around



THIS SHEET HAS BEEN
REPLACED

the capacitor plate because of conductive residues.
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 timé_f;="

significantly.

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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across the chip is improved. -
Thli sllslliimili‘i,ﬁin ieilaced



BRIEF DESCRIPTION OF THE DRAWINGS

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 method of the
present invention;

Figure 3 is a depiction 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.



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



materials. The upper surface 26 then is planarized by
chemical /mechanical polishing. The polishing provides 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.



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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WHAT IS CLAIMED IS:

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 oxide
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 photorésist then stripping 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 metal.

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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6. 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.
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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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