wo 20187236642 A1 | I0E 00000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 December 2018 (27.12.2018)

(10) International Publication Number

WO 2018/236642 Al

WIPO I PCT

(51) International Patent Classification:
GOIF 23/24 (2006.01) HO11 21/66 (2006.01)
HOIL 21/67 (2006.01)

(21) International Application Number:
PCT/US2018/037265

(22) International Filing Date:
13 June 2018 (13.06.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/627,910 20 June 2017 (20.06.2017) US

(71) Applicant: APPLIED MATERIALS, INC. [US/US];
3050 Bowers Avenue, Santa Clara, California 95054-3299
(US).

(72) Imventors: DAITO, Kazuya; 1812 Lee Way, Milipitas,
California 95036 (US). VENUGOPAL, Vijayakumar C.;
1826 Curtis Street, Berkeley, California 94702 (US).

(74) Agent: FRAME, Robert C. ct al.; Nields, Lemack &
Frame, LLC, 176 E. Main Street, Suite 5, Westboro, Mass-
achusetts 01581 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(54) Title: PRECURSOR LEVEL SENSOR

Fig. 1

(57) Abstract: An apparatus for the detecting the amount of material remaining in a container is disclosed. This apparatus may be
beneficial when used with a semiconductor processing device, especially when the material is in the solid phase. The apparatus measures
the impedance between an electrode disposed in the container, and the outside of the container to make a determination regarding
how full the container may be. In certain embodiments, only the magnitude of the impedance is used for this calculation. In other
embodiments, the magnitude and phase of the impedance are used. This may be used to determine the topology of the material within

the container.

[Continued on next page]



WO 20187236642 A1 I INDL 0000 010 00O 00

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2018/236642 PCT/US2018/037265

PRECURSOR LEVEL SENSOR

FIELD

Embodiments relate to an apparatus for determining an amount of
precursor remaining in a container, and more particularly, to

the amount of solid precursor remaining in an ampoule.

BACKGROUND

Semiconductors are fabricated by subjecting a workpiece to
a plurality of processes. Some of these processes including
deposition, etching and 1on implantation. To perform an ion
implant, a dopant material may be used. This dopant material may
be in the form of a gas, liquid or solid. To perform an etching
process, an etching material may be used. Similarly, a suitable
material may be used for deposition processes. Thus, in all of
these processes, there may be a material of interest, which may
be a gas, liquid or solid. The material of interest 1is often

stored in a container, such as an ampoule.

While the process is being performed, it may be
advantageous to monitor the amount of the material of interest.
For example, if the material of interest 1s exhausted, the
workpieces being processed will be flawed. Further, unexpected
downtime 1is experienced tTo remove and replace the container

holding the material of interest.

The amount of remaining material may be monitored for
certain materials. For example, 1f the material of interest is a

gas, the flow rate of the gas can be used to determine the
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amount of material remaining. A similar approach may be used if

the material of interest is a liquid.

Unfortunately, measuring the amount of remaining material
is more complex if the material of interest 1s a solid.
Typically, the material of interest is extracted by allowing a
carrier gas to flow into the container. The carrier gas draws
the gaseous phase material of interest which 1is evaporated
inside the container. Since carrier gas 1is flowing into the
container, and a gaseous phase material is flowing from the
container, an accurate measure of the flow rate of the material

of interest is very difficult.

Therefore, an apparatus that allows the amount of material
remaining within a container to be determined would be
beneficial. It would be advantageous 1f the apparatus was able

to monitor the amount of the material continuously.

SUMMARY

An apparatus for the detecting the amount of material
remaining in a container 1is disclosed. This apparatus may be
beneficial when used with a semiconductor processing device,
especially when the material is 1in the solid phase. The
apparatus measures the impedance between an electrode disposed
in the container, and the outside of the container to make a
determination regarding how full the container may be. 1In
certain embodiments, only the magnitude of the impedance is used
for this calculation. In other embodiments, the magnitude and
phase of the impedance are used. This may be used to determine

the topology of the material within the container.
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According to one embodiment, an apparatus for measuring the
amount of material in a container is disclosed. The apparatus
comprises a container, having an opening, wherein the container
is electrically conductive; an electrode entering the container
through the opening and extending into an interior of the
container; and a device capable of measuring impedance, wherein
the impedance is measured between the electrode and an outer
surface of the container. In certain embodiments, the apparatus
further comprises a controller in communication with the device
to convert the impedance into a fill level. In certain
embodiments, the container is cylindrical and the opening is
disposed on a top surface and is not concentric with a center of
the container. In certain further embodiments, the electrode has
an upper portion that passes through the opening and a lower
portion that is aligned with the center of the container. 1In
certain further embodiments, the electrode has a U-shape with a
downward portion that passes through the opening and an upward

portion.

According to another embodiment, a semiconductor processing
system 1s disclosed. The semiconductor ©processing system
comprises a semiconductor processing device; a container, having
a material disposed therein, wherein the container comprises an
outlet in communication with the semiconductor processing device
and an opening; an electrode extending through the opening into
an interior of the container; a device for measuring impedance;
and a controller in communication with the device to determine
an amount of material remaining in the container, wherein the
impedance measured by the device 1is representative of the amount
of material remaining in the container. In certain embodiments,

the controller instructs the semiconductor processing device to
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terminate operation if the amount of material is less than a

predetermined threshold.

According to another embodiment, a method of determining an
amount of material remaining within a container is disclosed.
The method comprises measuring an impedance between an electrode
disposed within the container and an outer surface of the
container; and determining, based on the measured impedance, an
amount of material remaining in the container. 1In certain
embodiments, the determining is performed based on a
relationship between the amount of material in the container and
the measured impedance. In some embodiments, the relationship is
determined by placing a known amount of material in the
container; measuring an 1impedance between the electrode and the
outer surface of the container; repeating the placing and
measuring with different amount of material to acquire a
plurality of data points; and using the plurality of data points
to determine the relationship. In some embodiment, the method
further comprises providing an indication of material level or
taking a corrective action when the amount of material is less

than a predetermined threshold.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the present disclosure,
reference 1s made to the accompanying drawings, which are
incorporated herein by reference and in which:

FIG. 1 shows an apparatus for determining an amount of

material remaining in a container according to one embodiment;
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FIG. 2 shows a dgraph illustrating a relationship between
capacitance, frequency and amount of material remaining in the
container;

FIG. 3 shows a graph showing the relationship between
capacitance and the amount of material remaining in the
container at one frequency;

FIG. 4 shows a flowchart according to one embodiment;

FIG. 5 shows the apparatus of FIG. 1, where the material
within the container is not level;

FIGs. 6A-6B each show an apparatus for determining an
amount of material remaining in a container according to another
embodiment; and

FIG. 7 shows a graph illustrating phase and magnitude as a

function of the tilt of the material.

DETAILED DESCRIPTION

FIG. 1 shows an apparatus 10 for determining an amount of
material 20 remaining within a container 30 according to a first
embodiment. The container 30 may be made of a conductive
material, such as a metal. In certain embodiments, the container
30 may be stainless steel. In certain embodiments, the container
30 may be referred to as an ampoule. In certain embodiments, the
container 30 may be cylindrical in shape, with a bottom surface
31, a top surface 32 and a cylindrical sidewall 33. The
container 30 may has a diameter of about 6 inches and a height
of 8 1inches, although other dimensions may be used as well. An
output port 36 1s in communication with a semiconductor
processing device 90, and transports the gaseous material of
interest from the container 30 to the semiconductor processing

device 90. An opening 35 1s used to determine an amount of

5
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material in the container 30, as described in more detail below.
Although only two openings are shown on the top surface 32 of
the container 30, it is understood that there may be a plurality
of openings. For example, as described above, a third opening
may be used to allow a carrier gas to enter the container 30.
Further, FIG. 1 shows opening 35 as being located offset from
the center of the container 30. However, 1in other embodiments,
the opening 35 may be at the center of the top surface 32. In
certain embodiments, the opening 35 may be disposed on the

cylindrical sidewall 33.

A material 20 1is disposed within the container 30. As
described above, this material 20 may be used in a semiconductor
process, such as a deposition, etching or implantation process.
This material may be in solid form, although it may be in liquid
form in other embodiments. This material 20 may evaporate and be
used in the semiconductor processing device 90. As such, the
material 20 may be considered a precursor. The material has a
dielectric constant (x), which may be greater than 3 in certain
embodiments. The actual composition of the material 20 1is not

limited by this disclosure.

As described above, the semiconductor processing device 90
may be a deposition machine, such as a machine capable of atomic
layer deposition (ALD), chemical vapor deposition (CVD) or
plasma enhanced CVD (PECVD). Alternatively, the semiconductor
processing device 90 may be an ion implanter, such as a beam
line idion implanter or a plasma chamber. Additionally, the

semiconductor processing device may be an etching machine.

An electrode 40 is inserted into the container 30 through

the opening 35. The electrode 40 is made of a conductive

6
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material, such as a metal. In certain embodiments, the electrode
40 may be brass, although other materials may also be used. The
electrode 40 1s extended into the container such that it
terminates about 5 mm above the bottom surface 31. Of course,
the electrode 40 may be extended to a different depth. In one
particular embodiment, the electrode 40 has a diameter of 4.5
mm, although other sizes are also within the scope of the
disclosure. The electrode 40 is held in place within the opening
35 through the use of an insulator 50. The insulator 50 may be
cylindrical in shape and have an outer radius, which is roughly
equal to the inner radius of the opening 35. The insulator 50
may also have an inner opening through which the electrode 40
passes. The insulator 50 1is used to mechanically support the
electrode 40 and also to electrically isolate the electrode 40
from the container 30. The electrode 40 extends above the top
surface of the insulator 50 so that it is accessible outside the
container 30. The insulator 50 may be made of a ceramic or

polymer in certain embodiments.

A device capable of measuring impedance, such as network
analyzer 60, 1s disposed between the electrode 40 and the
container 30. Specifically, the network analyzer 60 has two
leads; a first 1lead 61, which 1is 1in electrical communication
with the electrode 40 and a second lead 62, which 1is 1in
electrical communication with the container 30. In certain
embodiments, the second lead 62 is in communication with the top
surface 32 of the container 30. In other embodiments, the second
lead 62 is 1in communication with a different portion of the
outer surface of the container 30. The network analyzer 60 is
capable of measuring impedance, preferably at one or more

frequencies.
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FIG. 2 shows a plurality of graphs that show the
relationship between impedance, as measured by the network
analyzer 60 and frequency. In this graph, the impedance 1is
expressed as capacitance and is measured at frequencies between
100 kHz and 10 MHz. In this test, 1t 1is assumed that 8 cm of
material 1is considered to be completely full. Lines 101 and 102
each represent the relationship when there is no material 20
remaining in the container 30. Note that the network analyzer 60
measures nearly no capacitance across the entire frequency
spectrum. The disturbance near the middle of the horizontal axis
represents a resonant condition. Line 103 represent the
relationship when there is about 1.5 cm of material 20 remaining
in the container 30. Lines 104 and 105 each represent the
relationship when there is about 4 cm of material 20 remaining
in the container 30. Lines 106 and 107 each represent the
relationship when there is about 8 cm of material 20 remaining
in the container 30. Thus, 1lines 106, 107 represent a full
container, lines 101, 102 represent an empty container, and
lines 104, 105 represent a half full container. Note that, with
exception of the resonant condition, at every frequency, the
magnitude of the impedance 1is indicative of the amount of
material 20 remaining in the container 30. Specifically, the
greater the measured impedance, the greater the amount of

material 20 remaining in the container 30.

FIG. 3 shows a graph of impedance, expressed as capacitance,
vs. amount of material remaining in the container 30 at one
particular frequency, which may be 100 kHz. The impedance that
were measured at this particular frequency in FIG. 2 have been
used in FIG. 3. Further, a line 110, which represents the line
of best fit, has been added. Note that there 1s a linear

relationship between fill level and impedance. Based on this

8
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graph, an equation which defines fill level as a function of
impedance may be determined. Thus, by measuring the impedance
using the apparatus of FIG. 1, an estimate of the amount of
material 20 remaining within the container 30 may be made. Note
that this graph was created using a particular material and at a
particular frequency. The slope of the 1line 110 in this graph
may be a function of the measurement frequency and also of the
dielectric constant of the material 20. Further, while FIG. 3
shows the relationship as measured at 100 kHz, the disclosure is
not limited to this particular frequency. As readily seen 1in
FIG. 2, other frequencies may also be used to generate the graph
shown in FIG. 3. Further, the disclosure is not limited to the
frequency spectrum shown in FIG. 2. For example, impedance may
be measured at lower frequencies or higher frequencies than are

displayed in FIG. 2.

Further, although FIG. 3 shows a linear relationship
between impedance and fill level, the disclosure is not limited
to this embodiment. For example, after plotting a number of
points, a line of best fit, which is not linear may be drawn.
Thus, the relationship is not limited to being linear, and may
be a polynomial of any degree, may be exponential, logarithmic,

or some other function.

Having determined that a relationship exists between the
impedance measured by the network analyzer 60 and the amount of
material 20 remaining in the container 30, this information can

be indicated to an operator in several ways.

In certain embodiments, as shown in FIG. 1, the network
analyzer 60 may be in communication with a controller 70. The

controller 70 has a processing unit and an associated memory

9
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device. This memory device contains the instructions, which,
when executed by the processing unit, enable the controller 70
to perform its intended functions. This memory device may be a
non-volatile memory, such as a FLASH ROM, an electrically
erasable ROM or other suitable devices. In other embodiments,
the memory device may be a volatile memory, such as a RAM or
DRAM. In certain embodiments, the memory device may be packaged
with the processing unit. The processing unit may be any
suitable device, including but not limited to a general purpose
processor, an application specific processor, an embedded

controller, or a personal computer (PC).

In embodiments that utilize a controller 70, the controller
70 may interface with the network analyzer 60. The controller 70
may provide an indication of the amount of material 20 remaining
in the container 30. For example, the controller 70 may
interface with or include a wvisual display, which displays an
indication of the amount of material 20 remaining in the
container 30. This may be 1in the form as a gauge, or another
other suitable format. In another embodiment, the controller 70
may 1nclude an audio alert, indicating that the amount of
material is less than a predefined threshold. In vyet another
embodiment, the controller 70 1s in communication with the
semiconductor processing device 90, such that when the fill
level drops below a predefined threshold, the controller 70
instructs the semiconductor processing device 90 to stop
processing additional workpieces. Thus, the controller 70 may be
used to provide an indication to an operator and/or may be used
to terminate the operation of the semiconductor processing
device 90. For example, the controller 70 may provide an
indication to the operator at a first predefined threshold, thus

allowing the operator to take a corrective action. If the

10
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material level reaches a second predefined threshold, lower than
the first predefined threshold, the controller 70 instructs the

semiconductor processing device 90 to terminate operation.

FIG. 4 shows a flowchart explaining a method of determining
a level of material 20 in a container 30 according to one
embodiment. First, in Box 400, a known amount of material 20 1is
disposed in the container 30. Then, in Box 410, the impedance
between the electrode 40 and the container 30 is measured at one
or more frequencies. The processes shown in Boxes 400, 410 may
then be repeated a plurality of time for different amounts of
material 20. These processes may result in a set of curves, such
as those shown in FIG. 2. When a sufficient number of data
points have been gathered, a relationship between the measured
impedance and the amount of material is determined, as shown in
Box 420. This may result in a graph such as FIG. 3. Thus, the
processes shown 1in Boxes 400, 410 and 420 may be considered a
calibration process, which establishes the relationship between
impedance and fill level that will ©be exploited. This
relationship may Dbe unique to this particular material.
Therefore, if a different material is used as the precursor, the

calibration process may be repeated.

Once this relationship has been established, the apparatus
may be used in a production environment. This may be performed
by installing the container with material disposed therein in
the semiconductor processing device, as shown in Box 430. During
normal operation, the impedance between the electrode 40 and the
container 30 may Dbe measured, as shown 1in Box 440. This
measurement may be performed continuously, randomly or at fixed
time intervals. The amount of material remaining in the

container is then determined based on the measured impedance, as

11
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shown in Box 450. This may be performed by using the
relationship found in Box 420. At some point in time, the level
of material 20 within the container 30 drops ©below a
predetermined threshold, as shown in Box 460. At this point,
some action may be taken, as shown in Box 470. This action may
involve providing an indication of the material level, providing

an alert, or taking some type of corrective action.

In certain embodiments, the topology of the material 20
within the container 30 may affect the impedance measurements.
For example, FIG. 5 shows the apparatus of FIG. 1. However, in
this embodiment, the material 20 1is not 1level. Rather, it 1is
loaded such that the material 20 extends up onto the left side
of the cylindrical sidewall 33 much more than on the right side.
Thus, in the scenario shown in FIG. 5, it 1s possible that the
network analyzer 60 measures an impedance that is less than
expected, due the topology of the material 20. This may be due
to the fact that the electrode 40 is closer to the cylindrical
sidewall 33 on the right side than the cylindrical sidewall 33
on the left side. Therefore, the amount of material that exists
between the electrode 40 and the nearest cylindrical sidewall 33

may dominate the impedance measurement.

This inaccuracy due to topology may be addressed 1in a
number of ways. First, it 1is noted that opening 35 is offset
from the center of the container 30. Placing the opening 35 so
that it 1is concentric with the container 30 may reduce or

eliminate this inaccuracy.

However, 1in certain embodiments, the locations of the
opening 35 in the container 30 is fixed and cannot be changed.

Thus, 1n certain embodiments, the shape of the electrode 1is

12
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changed to compensate for the difference between the center of
the opening 35 and the center of the container 30. FIG. 6A shows
one such embodiment. In this embodiment, the electrode 140 has
been formed 1in a U-shape. The U-shape includes a downward
portion 141, an upward portion 143 and a connecting portion 142.
The connecting portion 142 may meet the upward portion 143 and
the downward portion 141 at right angles. However, the
disclosure is not limited to this embodiment. The connecting
portion 142 may be formed such that the upward portion 143 of
the U-shape is as close to the cylindrical sidewall 33 on the
left side as the downward portion 141 of the U-shape is to the
cylindrical sidewall 33 on the right side. In other words, the
downward portion 141 1is disposed a first distance from the
nearest cylindrical sidewall 33. The connecting portion 1is
configured so that the upward portion 143 1is disposed the same
distance from the sidewall that is on the opposite side of the
container 30. This may allow the measured impedance to be
representative of the average level of the material 20. 1In
another embodiment, the upward portion 143 of the U-shape may be
formed so that it is disposed exactly 1in the center of the

container 30.

FIG. 6B shows another shape that may be used. In this
embodiment, the electrode 240 1is formed so that the lower
portion 243 of the electrode 240 1is aligned with the center of
the container 30. Thus, the electrode 240 comprises an upper
portion 241 that exits through the opening 35. The electrode 240
comprises a lower portion 243 that is aligned with the center of
the container 30. The electrode 240 also has a connecting
portion 242 that serves to connect the upper portion 241 with
the lower portion 243. While FIG. 6B shows the connecting

portion 242 meeting the upper portion 241 and the lower portion

13
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243 at right angles, the disclosure is not limited to this
embodiment. For example, the connecting portion 242 may be

curved.

FIGs. 6A-6B demonstrate two embodiments that may be used to
compensate for material topology, especially in instances where
the opening 35 is not aligned with the center of the container
30. These embodiments utilize changes to the structure or shape

of the electrode. Further, other embodiments are also possible.

While FIGs. 2 and 3 show the impedance as measured by the
network analyzer 60, more information may be obtained from the
network analyzer 60. For example, rather than simply capturing
and recording the impedance, the magnitude and phase of the

impedance may be measured and recorded.

FIG. 7 shows the magnitude and phase of the impedance as
measured by the network analyzer 60 for two different
configurations. In one configuration, the material of interest
was tilted toward the right side of the container 30. In the
other configuration, the material of interest was tilted toward
the left side of the container 30. Lines 701, 702 show the phase
and magnitude, respectively, when the material 20 1is tilted
toward the right side of the container 30. Lines 703, 704 show
the phase and magnitude, respectively, when the material 20 is
tilted toward the left side of the container 30. Thus, not only
does the magnitude of the impedance change as a function of fill
level, but the phase of the impedance also varies as a function
of fill level and the topology of the material 20. Specifically,
while the two configurations use the same amount of material,
the phase and magnitude of the impedance changes for these two

configurations. The magnitude is greater when the material 20 is

14
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tilted to the left (see line 704). However, the phase is greater
when the material 20 is tilted to the right (see 1line 701).
Thus, the use of phase and magnitude may allow the operator to
determine a topology of the material 20 and the actual fill

level.

The present apparatus has many advantages. It is difficult
to estimate an amount of material remaining in a container in a
semiconductor processing device. Consequently, in some
embodiments, the container is refilled too early to ensure that
the material is not completely exhausted. In other embodiments,
the material may be completely exhausted before the container is
refilled, resulting in improperly processed workpieces, which
are discarded. Furthermore, the present apparatus utilizes low
frequency impedance measurements, which may not utilize
expensive instrumentation. Therefore, the apparatus may be
attached to each semiconductor processing device with limited

financial impact.

The present disclosure 1is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in
addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
present disclosure. Furthermore, although the present
disclosure has been described herein in the context of a
particular implementation 1in a particular environment for a
particular purpose, those of ordinary skill in the art will

recognize that its usefulness is not limited thereto and that

15
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the present disclosure may be Dbeneficially implemented 1in any
number of environments for any number of purposes. Accordingly,
the claims set forth below should be construed in view of the
full breadth and spirit of the present disclosure as described

herein.

16
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What is claimed is:

1. An apparatus for measuring an amount of material 1in a

container, comprising:

a container, having an opening, wherein the
container is electrically conductive;

an electrode entering the container through the
opening and extending into an interior of the
container; and

a device for measuring impedance, wherein an
impedance 1s measured between the electrode and an

outer surface of the container.

. The apparatus of claim 1, wherein the device measures

capacitance.

. The apparatus of claim 1, further comprising a controller

in communication with the device to convert the impedance

into a fill level.

. The apparatus of claim 3, wherein the controller provides

an indication of the fill level.

. The apparatus of c¢laim 1, wherein the container 1is

cylindrical and the opening is disposed on a top surface

and is not concentric with a center of the container.

. The apparatus of claim 5, wherein the electrode has an

upper portion that passes through the opening and a lower
portion that is aligned with the center of the container.

The apparatus of claim 5, wherein the electrode has a U-
shape with a downward portion that passes through the
opening and an upward portion.

The apparatus of claim 7, wherein the downward portion
is disposed a first distance from a nearest sidewall and
the upward portion is disposed the first distance for a

sidewall on an opposite side of the container.

17
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9. A semiconductor processing system comprising:

a semiconductor processing device;

a container, having a material disposed therein,
wherein the container comprises an outlet in
communication with the semiconductor processing device
and an opening;

an electrode extending through the opening into
an interior of the container;

a device for measuring impedance; and

a controller in communication with the device to
determine an amount of material remaining in the
container, wherein the impedance measured by the
device 1s representative of the amount of material
remaining in the container.

10. The semiconductor ©processing system of c¢laim 9,
wherein the controller provides an indication of the
amount of material remaining in the container.

11. The semiconductor ©processing system of c¢laim 9,
wherein the controller instructs the semiconductor
processing device to terminate operation if the amount of
material is less than a predetermined threshold.

12. A method of determining an amount of material
remaining within a container, comprising:

measuring an impedance between an electrode
disposed within the container and an outer surface of
the container; and

determining, based on the measured impedance, an
amount of material remaining in the container.

13. The method of c¢laim 12, wherein the determining 1is
performed based on a relationship between the amount of
material in the container and the measured impedance, and

wherein the relationship is determined by:

18
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5

10 14.
15.

15

placing a known amount of material in the
container;

measuring an impedance between the electrode and
the outer surface of the container;

repeating the placing and measuring with
different amount of material to acquire a plurality of
data points; and

using the plurality of data points to determine
the relationship.
The method of claim 12, further comprising:

providing an indication of material level.

The method of claim 12, further comprising:
taking a corrective action when the amount of material

is less than a predetermined threshold.
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