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DESCRIPTION
MOISTURE SENSOR
The invention relates to a moisture sensor and to a method of making it.

Existing moisture measurement devices are frequently unable to
measure very low moisture levels accurately. Further, existing designs are
mostly not scalable, and so they cannot be integrated into integrated circuits of
ever decreasing size.

US 4,057,823 describes a moisture sensor integrated into an integrated
circuit. A small region of a chip is made porous by anodic etching. The region
is oxidised to form porous silicon dioxide and a metal electrode deposited over
part of the porous area. The large surface area in the dielectric caused by the
porous structure means that ambient moisture diffuses into the dielectric and
adsorb onto the silicon dioxide. The capacitance or conductance of the device
changes and can be measured.

Unfortunately, this patent dates from 1977 and the process described
cannot be readily integrated into modern integrated circuit processing. Nor is
the structure easy to use - in the example given in the patent a "60 mil"
diameter electrode (about 1.5mm) gives resistance values of order 10" ohm
which is difficult to measure. A larger area to decrease the resistance would
further increase the already large chip area taken up by the sensor.

Thus, there remains a need for a moisture sensor that can be fabricated
in a way readily compatible with today's integrated circuit processing, that may
be used either integrated into an integrated circuit or as a discrete device.

According to the invention there is provided a moisture sensor, including
first and second conductive electrodes each having at least one element, the
elements of the first and second conductive electrodes extending in parallel for
a total parallel length of at least 0.3mm and spaced apart by no more than
1um; and
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porous dielectric having a porosity greater than 10% separating the first and
second electrodes. In embodiments, the porosity is greater than 20%, and in
particular embodiments the porosity is greater than 30%.

A conventional insulator used in semiconductor processing is silicon
dioxide, which has a dielectric constant approximately 4.1. Driven by a need
for improved interconnect technology, improved conductive layers have been
proposed using copper interconnects and porous low-k organosilicate glass
material as insulator. "k" here refers to the dielectric constant.

Such porous low-k materials are commercially available for growth
using chemical vapour deposition (CVD) under trade names such as Orion
(TM) from Trikon, BDIIx (TM ) from AMAT and Aurora (TM) from ASMi.
Alternative materials can be deposited by being spun on - such materials
include SIiLK (TM) from Dow Chemical and LKD (TM) from JSR.

A known problem for such porous materials is that they can absorb
moisture, especially after full processing (since they tend to become
hydrophyllic due to processing damage).

The inventors have realised that this property can be used to provide a
moisture sensor according to the invention that can readily be integrated into
existing integrated circuit processing. In particular the moisture sensor uses
processing techniques that are suitable for emerging processing technologies
and so the moisture sensor may readily be integrated into advanced devices
using these techniques that may be manufactured in the years to come.

In a preferred embodiment, the first and second conductive electrodes
are interdigitated combs, the teeth of the combs being the elements extending
in total for the parallel length of at least 0.3mm, the teeth of the first and
second conductive elements being spaced from each other at the spacing of
no more than 1 um.

Preferably, the dielectric is a low-k dielectric having a dielectric constant
(k) less than 3.0. The dielectric is preferably orthosilicate glass (OSG).

In embodiments, the first and second conductive electrodes may be of

copper. Other alternatives exist such as aluminium.
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A barrier layer may extend around the conductive electrodes to protect
the conductive electrodes from corrosion. The barrier layer may be dielectric
or conductive.

The barrier may include a first barrier material on the sides and base of
the copper electrodes and second barrier material on the top of the electrodes,
the first and second barrier materials being different.

The second barrier material may be a material such as CoWB, WoWP,
or NiMoP which can be selectively deposited on copper. If an embodiment
without a further dielectric layer of the porous dielectric material is used, the
copper lines can also be capped by CVD materials such as SiC or Si3N4,
which serve as copper diffusion barrier and protect the copper from corrosion
as well.

The first barrier material may be deposited by chemical vapour
deposition (CVD) or physical vapour definition (PVD). The first barrier material
may be metal, for example, TiN, TaN, WN, or Ru.

The invention also relates to the use of a moisture sensor as described
above, by applying an electric field from 0.5 to 1 MV/cm between the first and
second electrodes, and measuring the current passing between the first and
second electrodes as a measure of the moisture content.

In a further aspect, there is provided a method of manufacturing a
moisture sensor, comprising: depositing porous dielectric with a porosity of at
least 10%; etching through the porous dielectric to form first and second
trenches having an element elements extending in parallel for a parallel length
of at least 0.3mm and spaced apart by no more than 1um;and filling the
trenches with conductor to form first and second conductive electrodes having
elements extending in parallel for a parallel length of at least 0.3mm and

spaced apart by no more than 1um.

For a better understanding of the invention, embodiments will now be
described, purely by way of example, with reference to the accompanying

drawings, in which:
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Figures 1 to 5 show side sections of steps in a method of manufacturing
a moisture sensor according to the invention;

Figure 6 shows a top view of the moisture sensor of Figure 5;

Figure 7 illustrates measurements made on the moisture sensor of
Figures 5 and 6;

Figure 8 shows a side section of an alternative embodiment of a
moisture sensor; and

Figure 9 shows a side section of an alternative embodiment of a
moisture sensor.

The figures are schematic and not to scale. The same and like

components are given the same reference numerals in different Figures.

Referring to Figure 1, a low-k dielectric constant porous organosilicate
glass 20 having a dielectric constant (k) approximately 2.7 is deposited on
substrate 10. The glass 20 has a porosity greater than 10%. Porosity is
defined as the volume of pores divided by the total volume including pores and
the material between the pores.

Next, a bottom anti-reflective coating (BARC) layer 22 is deposited,
followed by resist 24. The resist 24 is then patterned as illustrated in Fig.2.
The BARC layer improves the photolithographic properties of the resist 24 and
is particularly useful in high-resolution photolithography. If it is not required,
the BARC layer 22 may be omitted.

Next, trenches 26 are etched to define an interdigitated comb structure
of first and second trenches. The resist 24 and BARC layer 22 are then
removed, resulting in the arrangement of Figure 3.

A barrier layer 28 of a first barrier material is then deposited on the
whole surface, covering the sidewalls and base of the trenches 26 as well as
the low-k dielectric 20 between the trenches. The shape of the trenches is the
same as the shape of the finished electrodes formed in the trenches and will
be discussed below with reference to Figure 6. In the example, the barrier
layer 28 is of TiN which is deposited by physical vapour deposition (PVD).
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Bulk copper 30 as conductive filling material is then deposited to fill the
trenches.

A chemical-mechanical polishing step then removes the top surface
including the barrier layer 28 on the surface, any copper on the barrier layer 28
between the trenches 26 as well as the top of the low-k dielectric layer 20,
resulting in the structure of Figure 4.

A further barrier layer 32 of second barrier material is then deposited by
a self-aligned process. The second barrier material may be CowWB, CoWP, or
NiMoP which can be grown in a self-aligned manner on Cu, to result in the
structure of Figure 5.

The first and second barrier layers 28, 32 thus cooperate to form a
barrier around the top, sides and base of the copper 30. This barrier protects
the copper from corrosion. The barrier layers 28,32 and copper 30 form
electrodes.

A top view of the moisture sensor is provided in Figure 6 illustrating the
interdigitated comb structure of first and second electrodes 40,42 formed of
copper. The figure also shows respective first and second bond pads 44, 46.
The combs have teeth 48 as elements of the electrodes. As will be
appreciated, the electrodes 40, 42 are formed in the trenches 26 and
accordingly the trenches 26 have the same structure.

The teeth 48 of the first and second electrodes 40,42 alternate, running
in parallel with each other. The total length of teeth 48 of each comb
overlapping with the teeth of the other comb exceeds 0.3mm, and the gap
between the teeth 48 laterally of the teeth is less than 1um. In this way a large
total length can be achieved in a small area.

As will be appreciated by those skilled in the art, the bond pads 44, 46
may themselves be connected to by a further layer of aluminium interconnect
and passivation to other devices on the same substrate to integrate the
moisture sensor with other devices.

Alternatively, where the device is a discrete device, contacts may be
made to the bond pads for example by bonding.
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The current passing between the first and second electrodes 40,42 as a
function of the electric field applied between the electrodes is shown in Figure
7 for two states, one with and one without moisture. The sample without
moisture was annealed to ensure that it was completely dry.

The sample used a 40% porosity OSG material with the total length of
interdigitated electrodes being 1cm. The elements of the electrodes were
200nm apart, i.e. the spacing between the comb parts is 200nm.

It will be noted that breakdown occurs in the sample with moisture
above 2MV/cm.

Accordingly, in use, a field of 0.5 to 1 MV/cm is applied between the first
and second electrodes 40,42 and the current measured. The current is used
as a measure of the moisture present - as can be seen in Figure 7, the current
is many orders of magnitude higher in the presence of moisture than without.

Those skilled in the art will realise that alternative processing is
possible.

Figure 8 illustrates one alternative embodiment in which a further low-k
dielectric layer 50 is deposited on top of the structure of Figure 5.

A further alternative is illustrated in Figure 9. This is made by forming a
thicker low-k dielectric layer 20 and then etching trenches 26 not through the
whole of this layer but only to a predetermined thickness.

This embodiment surrounds the electrodes 40, 42 with the porous low-k
dielectric material.

Those skilled in the art will realise that many alternatives are possible
for the details of the processing of these devices.

In particular, any suitable porous low-k dielectric or barrier material may
be used. Aluminium electrodes may be used instead of copper.

The substrate may be a silicon substrate, or any alternative substrate
such as an insulating substrate may also be used.

The moisture sensor can be formed as a single sensor on the substrate,
or it may be integrated into an integrated circuit.
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CLAIMS

1. A moisture sensor, comprising:

first and second conductive electrodes (40,42) each having at least one
element (48), the elements (48) of the first and second conductive electrodes
(40,42) extending in parallel with one another for a total parallel length of at
least 0.3mm and spaced apart by no more than 1um; and

porous dielectric (20) having a porosity greater than 10% separating the first
and second electrodes (40,42).

2. A moisture sensor according to claim 1 wherein the first and second
conductive electrodes are interdigitated combs, the teeth (48) of the combs
being the elements extending in total for the parallel length of at least 0.3mm,
the teeth of the first and second conductive elements being spaced from each
other at the spacing of no more than 1 um.

3. A moisture sensor according to claim 1 or 2, wherein the first and
second conductive electrodes (40,42) are of low-k dielectric (20) orthosilicate

glass having a dielectric constant less than 3.0.

4. A moisture sensor according to any preceding claim further comprising
a barrier layer (28,32) extending around the conductive electrodes for

protecting the conductive electrodes from corrosion.

5. A moisture sensor according to claim 4 wherein the barrier layer (28,32)
includes a first barrier material (28) on the sides and base of the conductive
electrodes (40,42) and second barrier material (32) on the top of the
conductive electrodes (40,42), the first and second barrier materials being

different.
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6. A moisture sensor according to claim 5, wherein the second barrier
material (32) is a barrier material that can be selectively deposited on the

conductive electrode material.

7. A moisture sensor according to claim 5 wherein the second barrier

material (32) is a dielectric barrier.

8. A moisture sensor according to claim 5, 6 or 7 wherein the first barrier

material (28) is metal.

9. Use of a moisture sensor according to any preceding claim, comprising:
applying an electric field from 0.5 to 1 MV/cm between the first and second
electrodes, and

measuring the current passing between the first and second electrodes (40,42)

as a measure of the moisture content.

10. A method of manufacturing a moisture sensor, comprising:

depositing porous dielectric (20) with a porosity of at least 10%;

etching through the porous dielectric to form first and second trenches (26)
each having at least one element, the elements of the first and second
trenches (26) extending in parallel with one another for a total parallel length of
at least 0.3mm and being spaced apart by no more than 1um;and

filling the trenches (26) with conductor to form first and second conductive
electrodes (40,42) having elements extending in parallel for a total parallel

length of at least 0.3mm and spaced apart by no more than 1um.

11. A method according to claim 1 wherein the first and second trenches
(26) and first and second electrodes (40,42) are interdigitated combs, the teeth
of the combs extending in total for the parallel length of at least 0.3mm and the
teeth of each comb being between the teeth of the other comb at the spacing

of no more than 1 um.
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12. A method according to claim 10 or 11 wherein the porous dielectric (20)
is a low-k dielectric (20) with a dielectric constant less than 3.0.

13. A method according to any of claims 10 to 12, wherein the step of filling
the trenches includes

depositing a barrier layer (28) of a first barrier material on the sidewalls and
base of the trenches (26); and

filling the trenches (26) with a conductive filling material (30).

14. A method according to claim 13 further comprising depositing a second
barrier material (32) on the conductive filling material by selective deposition
after filling the trenches (26) with the conductive filling material (30) to form a
barrier layer (28,32) extending around the top, sides and base of the

conductive filling material (30).
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