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A DEVIGE AND A METHOD FOR FORMING A FERROELECTRIC
CAPACITOR DEVICE

Field of the Invention

The present invention relates to a device such as a ferroelectric capacitor
device and a method for forming a ferroelectric capacitor device.

Background of the Invention

A conventional ferroelectric capacitor includes one or more ferroelectric layers
sandwiched between a bottom electrode ahd a top electrode. The
ferroelectric layer(s) may include, for example, PZT, SBT or BLT. The
capacitor is covered with one or more interlayer dielectric Iayers; normally
Tetraethyl Orthosilicate (TEOS), and connection to the top electrode is
achieved Ey etching a window through the interlayer dielectric layer(s) and
filling the window with a metal filler. The bottom electrode is mounted on a |
substrate, the electrical connection to the bottom electrode typically being via
“a metal plug through the substrate. To rﬁake the connection between the
bottom electrode and the plug, a window is formed through the interlayer
dielectric layer(s), through the other layers of the capacitorvand into the plug.
A liner is formed in this window and a metal filler is deposited in the bottom of
the window to make the contact between the bottom electrode and the plug.
The liner and the metal' filler are etched to leave just the contact to the plug.
Encapsulation layers and cover layers are added to protect the resultant

capacitor.

In the production of conventional capacitors it is necessary to etch the top and
bottom electrodes in separate processes, and, in each case, a hard mask is
used to define the etch pattern. Thus, vertical etching, that is etching down
from the top layer of the device towards the substrate is a fundamental
process in the manufacture of capacitor devices, such as FeERAMs. To obtain
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an accurate etch, the sides of the hard mask used to define the etching
process should be, as near as possible, normal to the surface being etched,
both when making the mask and when using the mask to etch the main cell

material of the capacitor.

During the etching processes, for example, to open the hard mask (that is, to
shape the hard mask material) and to etch the actual device according to the
hard mask, the top of the aperture or "cut” formed whilst etching is exposed to
the etching process for longer than the bottom of the aperture. Thus, more
material is removed from the top of the apedure than the bottom, resulting in
the aperture tapering from top to bottom, the aperture being wider at the top
than at the bottom. The angle between the substrate and the etched side of

the hard mask is termed the hard mask angle.

Typically, the hard mask material is TEOS. It is difficult to obtain anything
approaching a 90 degree hard mask angle when etching such a material.
Furthermore, when using the mask to define the etching of the remaining
layers, the mask etches further, for example during the applied RIE process,
thereby accentuating the problem. Although side etching, that is etching
along the mask rather than through the mask, is not extensive during these
processes, TEOS is a soft material for most stages in the RIE process and

thus any side etching is noticeable and significant.

In view of the foregoing problems with conventional processes and devices, a
need exists for an easily applied method for producing capacitors with minimal
tapering of the etch apertures, without reducing production yield or

compromising performance.
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Summaty of the Invention

In general terms, the present invention proposes the deposition of an
additional layer of material over the hard mask material in the formation of a
ferroelectric capacitor, after the hard mask material has been pattern-etched.

The additional layer of material is one not easily etched by processes involved
in etching the main cell materials of the capacitor. As a result, it is
substantially unaffected by side etching. The main purpose of this additional
layer of material is to remove the taper of the etch apertures so that the sides
of the mask are substantially normal to the surfaces of the main cell material
to be etched through the hard mask. This will improve the etching of the main
cell materials so that the etched faces are substantially normal to the
substrate. Furthermore, this reduction in side etching allows the capacitors to
be placed closer together which improves the packing density and the
accuracy of the main cell material etching process.

In a further preferred embodiment, an extra layer of hard mask material may
be deposited over the additional layer of material described above and before
the photolithographic mask is applied. This is advantageous in situations
where the photolithographic material will not withstand the etching process

used to open the additional layer of material.

The methods of the present invention are easily performed and the devices

embodying the present invention are easily created.

According to a first aspect of the present invention there is provided a method

for forming a ferroelectric capacitor device comprising the steps of:

forming a substrate extending in a first plane and comprising a number

of layers of material;

forming a hard mask layer on said substrate;
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forming a first layer of a first material on said hard mask layer;
defining a hard mask shape by etching said hard mask layer;

depositing a second layer of said first material on said etched hard
mask layer, said deposited second layer having one or more side surfaces

extending substantially perpendicular to said plane of said substrate;

etching said second layer and said number of layers forming said

substrate to shape said ferroelectric capacitor device.

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

ferroelectric capacitor device formed according to the above method.

According to a third aspect of the present invention there is provided an

FeRAM device formed according to the above method.

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

device comprising:

a substrate extending in a first plane and comprising a number of

layers of material;
a first layer of hard mask material formed on said substrate;

a first layer of a first material formed on said first layer of hard mask
material, said first layer of hard mask material being etched to define said

hard mask; and

a second layer of said first material deposited on said etched layer of
hard mask material, said deposited second layer having one or more side

surfaces extending substantially perpendicular to said plane of said substrate.
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According to a fifth aspect of the present invention there is provided a
ferroelectric capacitor device comprising one or more of the above-defined

devices.

According to a sixth aspect of the present invention there is provided an

FeRAM device comprising one or more of the above-defined devices.

Brief Description of the Drawings

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following Figures in which:

Figure 1 is a schematic cross-section of a‘conventional FeRAM after the hard

mask has been opened,;

Figure 2 is a schematic cross-section of a conventional FERAM during an

RIE of the main cell material;

Figure 3a is a schematic cross-section of an FeRAM according to an

embodiment of the invention before main etching;

Figure 3b is a schematic cross-section of an FeRAM according to an

embodiment of the invention during main etching;

Figure 4 is a schematic cross-section of an FeRAM according to an

embodiment of the invention before hard mask opening;

Figure 5 is a schematic cross-section of an FeRAM according to an

embodiment of the invention after hard mask opening;

Figure 6 is a schematic cross-section of the FeRAM of Figure 5 with an

additional hard material deposit over the hard mask before main etching;

Figure 7 is a schematic cross-section of an FERAM according to a further

embodiment of the invention with an additional layer of material placed
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between a layer of hard material and the photomask used to define the hard

mask;

Figure 8 is a schematic cross-section of the FeRAM of Figure 7 after etching
the additional layer down to the hard material to form a mask for the hard

mask;

Figure 9 is a schematic cross-section of the FeERAM of Figure 8 after etching

to shape the hard mask; and

Figure 10 is a schematic cross-section of the FeRAM of Figure 9 with an

additional deposit of hard material.

Detailed Descriptioh of Preferred Embodiments

Figures 1 and 2 show a conventional FeRAM capacitor device 1 and the
changes in the shape of the hard mask during hard mask opening and main

cell etching.

In Figure 1 the device 1 is represented by the main cell material 2 onto which
is deposited the hard mask material 4. The hard mask material 4, which may
be TEOS, is etched to open the mask, as shown in Figure 1. The sides of the
hard mask material 4 are not vertical but taper due to side etching, that is

etching along the mask rather than through the mask.

Figure 2 shows the conventional FeRAM of Figure 1 during etching of the
main cell material 2. The hard mask material 4 is tapering at a greater angle
than in Figure 1 due to side etching. The side faces 6 of the etched main cell
material 2 defining the apertures 8 created by the etching process are also
inclined from the normal to the substrate 10, partly due to side etching and
partly due to the taper of the hard mask material 4.
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The methods and devices which illustrate preferred embodiments of the
invention will be explained with reference to Figures 3a to 10. The elements
of the FeRAM capacitor structure illustrated in Figures 1 and 2 which
correspond exactly to elements in the FeRAM capacitors shown in Figures 3a

to 10 are allotted the same reference numerals.

Figure 3a shows an FeRAM capacitor structure 12 according to a first
embodiment of the present invention in which the hard mask material 4
deposited on the main cell material 2 has been etched as in Figure 1, and a
further layer of hard material 14 has been deposited over the etched hard
mask and the exposed surfaces of the main cell material 2. The material
used as the hard material layer 14 will depend on the main cell materials to be
etched. In a preferred embodiment, if the main cell material 2 to be etched is
iridium, the hard material 14 may be, for example, aluminium oxide (Al,O3),
titanium or titanium dioxide as these materials will etch very slowly in the
processes to open the TEOS hard mask and the RIE of the main cell material.

If the main cell material 2 to be etched is PZT, silicon rich oxide (SRO) is

preferably used as the hard material 14.

For two-stage etching, that is, etching two materials from the same mask in
separate stages instead of etching through two different materials in a single
process, the hard material 14 used can be changed between stages to

achieve the optimum result.

Figure 3b shows the device 12 of Figure 3é during etching of the main cell
material 2. The hard mask shape does not change during this process as it is
protected by the hard material layer 14 so the side faces 6 of the etched main
cell material 2 defining the apertures 8 created by the etching process remain
substantially normal to the substrate 10.
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Figures 4 to 6 show how to form the hard material layer 14 according to a first

preferred embodiment.

Figure 4 shows the device 12 of Figures 3a and 3b before etching of the hard
mask material 4. The hard mask material 4, which may be TEOS, is
deposited on the main cell materials 2 and a layer of the hard material 14 is
deposited on top of the hard mask material 4. A Iayer of photoresist 16 is
deposited on the layer of hard material 14. The layer of photoresist 16 is then
exposed and developed to produce a lithographic pattern for the hard mask 4.

Figure 5 shows the device 12 of Figure 4 after etching of the hard material
layer 14 and the hard mask material 4 down to the main cell materials 2 to

open the hard mask 4.

Figure 6 shbws the device 12 of Figure 5 after an additional layer of hard
material 14 is deposited over the etched original layer of hard material, the
etched hard nﬁask material.4 and the exposed surfaces 18 of the main cell
material 2. As the thickness of the hard material layer 14 (which includes the
remnants of the original hard material layer and the additional hard material
layer) is greater furthest from the main cell materials 2 than the thickness of
the hard material layer closest to the main cell materials 2, so the side walls
20 of the hard material layer 14 may be formed substantially normal to the
upper surface of the main cell materials 2. The portions of hard material
layer 14 deposited on the exposed surfaces 18 of the main cell materials 2

may be removed during etching of the main cell materials.

If the photoresist material 16 is not compatible with the hard material 14
thereby inhibiting proper patterning procedures, or if the material used for the
photoresist material will not withstand the etching process used for the hard
material 14, an additional layer 22 of hard mask material, such as TEOS, may
be deposited on the upper surface of the hard material layer 14 and the
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photoresist 16 may then be applied over the additional hard mask material

layer 22. This is shown in Figures 7 to 10.

Figure 7 shows the additional layer 22 of hard mask material applied to the
upper surface of the hard material layer 14 and the photoresist 16 applied
over the additional hard mask material layer 22 after the photoresist 16 has
been exposed and developed to produce a IithograAphic pattern for the hard
mask 4 but before etching of the hard mask 4.

Figure 8 shows the device of Figure 7 after the first etch of the hard mask

material 4 to produce the mask for etching the hard material layer 14.

Figure 9 shows the device of Figure 8 after etching the hard material layer 14
and the hard mask material 4 down to the main cell materials 2.

Figure 10 shows the device of Figure 9 with an additional layer of hard
material 14 deposited over the etched original layer of hard material, the
etched hard mask material 4 and the exposed surfaces 18 of the main cell
material 2 to straighten the sides of the device in preparation for etching of the
main cell materials 2. As the thickness of the.hard material layer 14 (which
includes the remnants of the original hard material layer and the additional
hard material layer) is greater furthest from the main cell materials 2 than the
thickness of the hard material layer closest to the main cell materials 2, so the
side walls 20 of the hard material layer 14 may be formed substantially normal
to the upper surface of the main cell materials 2. The portions of hard
material layer 14 deposited on the exposed surfaces 18 of the main cell
materials 2 may be removed during etching of the main cell materials.

It will be noted that the terms photoresist and photolithographic layer have

been used interchangeably in the specification.’
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The systems and methods according to the présent invention may be
particularly useful in the production of devices for use, for example, as

ferroelectric random access memories.

- Various modifications to the embodiments of the present invention described
above may be made. For example, other materials and method steps can be
added or substituted for those above. Thus, although the invention has been
described above using particular embodiments, many variations are possible
within the scope of the claims, as will be clear to the skilled reader, without

departing from the spirit and scope of the invention.
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Claims

1. A method for forming a ferroelectric capacitor device comprising the
steps of:

forming a substrate extending in a first plane and comprising a number

~ of layers of material;

forming a hard mask layer on said substrateﬁ

forming a first layer of a first material on said hard mask layer;

defining a hard mask shape by etching said hard mask layer;

depositing a second layer of said first material on said etched hard
mask layer, said deposited second layer having one or more side surfaces
extending substantially perpendicular to said plane of said substrate; .

etching said second layer and said number of layers forming said

substrate to shape said ferroelectric capacitor device.

2. A method according to claim 1, wherein the step of forming said first
layer of said first material on said hard mask layer comprises forming said first
layer of a material which has a slow etch rate compared to said hard mask

layer material.

3. A method according to claim 1, wherein the step of forming a first layer
of a first material on said hard mask layer comprises forming said first layer of

aluminium oxide (Al,O3).

4. A method according to claim 1, wherein the step of forming a first layer
of a first material on said hard mask layer comprises forming said first layer of

titanium.
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5. A method according to claim 1, wherein the step of forming a first layer
of a first material on said hard mask layer comprises forming said first layer of
titanium dioxide (TiOy).

6. A method according to claim 1, wherein the step of forming a first layer
of a first material on said hard mask layer comprises forming said first layer of
silicon rich oxide (SRO).

7. A method according to claim 1, wherein the step of forming a hard
mask layer on said substrate comprises forming said hard mask layer of
TEOS.

8. A method according to claim 1, wherein the step of forming said

substrate comprises forming one or more of said number of layers of iridium.

0. A method according to claim 1, wherein the step of forming said

substrate comprises forming one or more of said number of layers of PZT.

10. A method according to claim 1, wherein the step of defining the hard
mask shape by etching said hard mask layer comprises applying a
photolithographic layer to said first layer of first material, exposing said
photolithographic layer; and developing said exposed photolithographic IaAyer
to produce an etch pattern for said first layer of first material and said hard

mask layer.

11. A method according to claim 1, wherein the step of etching said -
second layer and said number of layers forming said substrate to shape said

ferroelectric capacitor device comprises applying an RIE process.
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12. A method according to claim 1, further comprising forming a second
layer of hard mask material on said first layer of said first material prior to the

step of defining said hard mask shape.

13. A method according to claim 12, wherein the step of defining said hard
mask shape comprises etching said second layer of hard mask material to

provide an etch pattern for said first layer of hard mask material.

14, A ferroelectric capacitor device formed according to the method of

claim 1.

15. An FeRAM device formed according to the method of claim 1.

16. A device comprising:

a substrate extending in a first plane and comprising a number of
layers of material;

a first layer of hard mask material formed on said substrate;

a first layer of a first material formed on said first layer of hard mask
material, said first layer of hard mask material being etched to define said
hard mask; and

a second layer of said first material deposited on said etched layer of
hard mask material, said deposited second layer having one or more side
surfaces extending substantially perpendicular to said plané of said substrate.

17. A device according to claim 16, wherein said first layer of said first
material comprises a material which has a slow etch rate compared to said

hard mask layer material.

18. A device according to claim 16, wherein said first layer of said first

material comprises aluminium oxide (Al2Oz).
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19. A device according to claim 16, wherein said first layer of said first

material comprises titanium.

20. A device according to claim 16, wherein said first layer of said first

material comprises titanium dioxide (TiOy).

21. A device according to claim 16, wherein said first layer of said first

material comprises silicon rich oxide (SRO).

22. - A device according to claim 16, wherein said a hard mask material

comprises TEOS.

23.  Adevice according to claim 16, wherein one or more of said number of

layers of said substrate comprise iridium.

24. A device according to claim 16, wherein one or more of said number of

layers of said substrate comprise PZT.

25. A device according to claim 16, wherein said first layer of hard mask
material is etched by applying a photolithographic layer to said first layer of
first material, exposing said photolithographic layer; and developing said
exposed photolithographic layer to produce an etch pattern for said first layer

of first material and said hard mask layer.

26. A device according to claim 16, further comprising a second Iaye.r of

hard mask material formed on said first layer of said first material.
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27. A device according to claim 26, wherein said second layer of hard
mask material is etched to provide an etch pattern for said first layer of said

first material and said first hard mask material.

28. A ferroelectric capacitor device comprising one or more devices

according to claim 16.

29.  An FeRAM device comprising one or more devices according to claim
16.
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