
WO 2007/031835 PCT/IB2006/002480  1 5 CHEMICAL. STORAGE
DEVICE WITH INTEGRATED LOAD CELL  BACKGROUND  A wide
variety of chemicals are used as precursors for chemical vapor deposition
in the semiconductor industry. In general, the precursors for the
production of films or layers  10 on a wafer are liquids with a relatively low
vapor pressure at room temperature (<500 Ton  at room temperature).
Currently, the precursor materials are stored in steel (stainless,  carbon, or
other specialty alloy depending upon the precursor characteristics)
canisters that  are sealed and leak-tight. Canisters may be utilized either
close to the chemical vapor  deposition chamber, where they are replaced
periodically as each canister gets depleted, or 15 in a bulk refill system
that provides a source for the automatic refill of canisters at their  point of
use. There are at least two reasons why it is important to monitor the
chemical level in a  storage canister. The first is to ensure that there is
adequate precursor chemical in the  canister to perform the desired
chemical vapor deposition step. The second is to be able to 20 use the
maximum amount of the precursor chemical in the process prior to
replacing the  canister. This second point affects overall system cost
effectiveness. Once a canister has  been disconnected, any remaining
material is discarded. Thus, if a canister is replaced  before being
maximally depleted, not only are materials wasted, but additional costs
are  incurred in disposing of the additional waste product. 25 Various
techniques for reducing waste have been attempted, including the use of
float switches and level sensors. No method to date has proved entirely
satisfactory in  actual operations, however. The fundamental drawback to
the technologies that have been currently  implemented is that they are
not universally applicable to all types of chemicals. For 30 example, float
switches may not operate as expected if the specific gravity of the
precursor  chemical changes. In addition, level sensors typically do not
provide a visual indication of  the contents of the canister. In order to
obtain information, the canister must be connected  to the dispensing
equipment and the signals from the level sensors must be interpreted and



displayed on the dispensing systems computer or a programmable logic
controller. 2  Consequently, there is a need. for a method and a chemical
storage device that allows real-time monitoring of chemical ti sage
regardless of chemical type. or phase.  SUMMARY  A chemical storage
device and a method for monitoring chemical usage are described herein.
The device and method address the problems above by integrating a
chemical storage canister and a load cell into one transportable unit, The
load cell is  capable of compensating for the added weight of attach d
dispensing devices used in the  semiconductor ind:ustrv. Additionally, the
load. cell continuously displays the weight of  the chemicals remaining in
the chemical storage device, These functionalities are  included in the
control logic of the load cell, which is integrated into the load cell itself,  In
accordance with a first aspect of the present invention, there is provided a
chemical.  storage device for use in connection with a dispensing device,
comprising: a canister; a  load cell integral with said canister., said load
cell comprising a processor and a display;  control logic executable on
said processor, wherein said control logic causes said 'load  cell to: a) tare
the empty weight of said canister in. response to a. user input;: b) display
the  weight of at least on t chemical. added. to said. canister on said.
display c) calibrate said  load cell after said dispensing device is attached
to said canister such that only said.  weir=ht of said at feast one chemical
is shown on. said display; and d) continuously display  the weight of said.
at least one chemical. as said at least one chemical is consumed. In.
accordance with. a. second aspect of the preset' invention; there is
provided a.  method of: monitoring chemical usage comprising: a) taring
the weight of an. empty chemical storage device that includes an integral
load cell; b) filling the chemical storage  device with at least one chemical
to a fill weight:; e) attaching the chemical storage device  to a. dispensing
device; d) calibrating the load cell to compensate for the weight of the
dispensing device such that only the fill weight of the at least one chemical
is displayed;  e) continuously measuring the weight of the at least one
chemical remaining in the  chemical storage device. The foregoing has
outlined rather broadly' the features and technical advantages  



of the present invention in order that the detailed description of the
invention that follows  may be better understood. Additional features and
advantages of the invention. will. be  described . hereinafter that form the
subject of the claims of the invention. It should be  appreciated by those
skilled in the art that the concepts and the specific embodiments
disclosed herein may WO 2007/031835 PCT/IB2006/002480  3 be readily
utilized as a basis for modifying or designing other structures for carrying
out the  same purposes of the present invention. It should also be realized
by those skilled in the art  that such equivalent constructions do not depart
from the scope of the invention as set forth  in the appended claims. 5
BRIEF DESCRIPTION OF THE DRAWINGS For a detailed description of
the preferred embodiments of the invention, reference  will now be made
to the accompanying drawings in which: Figure 1 is a schematic of an
embodiment of a chemical storage device; 10 Figure 2 is a schematic of
an embodiment of a chemical storage device for elevated  temperature
applications; Figure 3 illustrates an embodiment of a load cell sensor;
Figure 4 is a flow diagram of a method for monitoring chemical usage; and
Figure 5 is a comparison of load cell values to conventional weigh scale
values.  15 NOTATION AND NOMENCLATURE Certain terms are used
throughout the following description and claims to refer to  particular
system components. This document does not intend to distinguish
between  components that differ in name but not function. 20 In the
following discussion and in the claims, the terms "including" and
"comprising" are used in an open-ended fashion, and thus should be
interpreted to mean  "including, but not limited to...". Also, the term
"couple" or "couples" is intended to mean  either an indirect or direct
electrical connection. Thus, if a first device couples to a second  



device, that connection may be through a direct electrical connection, or
through an indirect 25 electrical connection via other devices and
connections. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS  Figure 1 illustrates one embodiment of a chemical
storage device 100. Generally,  chemical storage device 100 includes a
canister 102 and a load cell 104. Load cell 104 is 30 integrated into the
canister 102 and is used to measure initially how much chemical 106 is
filled into the canister. This value may be stored by the load cell 104. Prior
to any  chemical being used, a dispensing device is attached and
chemical storage device 100 is  then re-tared to compensate for the
increased or decreased downward force resulting from  the attached
dispensing device such that the display continues to indicate the initial fill
WO 2007/031835 PCT/IB2006/002480  4 weight. As the chemicals 106
are consumed, chemical storage device 100 changes its  operating mode
and continuously monitors the weight of the contents remaining in the
canister. The true weight of the chemicals 106 in the canister 102 is thus
continuously  displayed to the user. The logic for monitoring the content
weight is integrated into the 5 chemical storage device 100 itself in one
convenient device. Chemical storage device 100  is preferably designed to
be easily transportable. Canister 102 is equipped with a plurality of valves
or the like to allow the  introduction and removal of chemicals to and from
the canister 102. In some embodiments,  the valves are located on the top
of the canister 102. In an embodiment, an inlet valve 120 10 and an outlet
valve 122 are coupled to the canister. In further embodiments, a third
valve  124 may be coupled to the canister for other purposes, such as
temperature monitoring.  Generally, the valves are in fluid communication
with the interior of the canister.  Preferably, the valves are easily
connected and disconnected to existing dispensing devices  used in the
semiconductor industry so as to facilitate transportation. Examples of 15
dispensing units include without limitation, the CANDI systems from Air
Liquide,  Aquarius systems from Japan Air Gases, the Unichem systems
from ATMI, the Chemguard  system from the Schumacher division of Air
Products, or other suppliers. Canister 102 may have any suitable
geometry, however canister 102 is preferably  



cylindrical. The cross-section of canister 102 may be rectangular,
hexagonal, octagonal,  20 triangular, etc. Canister 102 maybe any suitable
size. In typical embodiments, the empty canister weighs from about 2000
g to about 6000 g. Generally, canister 102 is capable of  storing chemicals
in the weight range from about 250 g to about 200 kg, more preferably
from about 250 g to about 3000 g and in some instances up to 10,000 g or
more.  Furthermore, the canister 102 is capable of storing liquids,
powders, solids, gas, etc. 25 In preferred embodiments, canister 102 and
load cell 104 are made of metal. Any  suitable metal may be utilized. The
metal preferably is resistant to oxidation and corrosion  and is capable of
containing liquids, gases and solids. Examples of suitable metals include
without limitation, stainless steel 304, 316L, carbon steel, Hastelloy,
Monel, and other high  Ni containing alloys, Elgiloy, Aluminum, etc. 30
Referring now to Figure 2, an embodiment of chemical storage device 200
for  elevated temperature applications is shown comprising a heating
jacket 203. Heating jacket  203 is typically capable of heating the canister
contents to a temperature in the range from  about 20C to about 350C.
Furthermore, heating jacket 203 may be heated by circulating WO
2007/031835 PCT/IB2006/002480  fluid or resistive heating elements.
Typically, heating jacket 203 is connected to a  temperature controller to
regulate the temperature of canister contents (not shown). The
temperature controller may be any device known to one of skill in the art
used to regulate  temperature. Canister 102 may also include any other
means suitable for heating the 5 canister contents to the desired
temperature. Examples of other suitable means include  without limitation,
cartridge heaters inserted into the canister body or heating tape wrapped
around the canister body. In further embodiments, load cell 104 is
thermally insulated from canister 102. An  insulating material may be
disposed between the load cell and the canister to prevent or 10 reduce
the transmission of heat to the load cell. In a specific embodiment, the
insulating  material is a ceramic plate 205 (Figure 2). The ceramic plate
205 preferably has a thickness  in the range of about 1/16 inch to about 2
inches, preferably at least about 1/8 inch, more  preferably at least about
3/8 inch. However, the ceramic plate 205 may comprise any  suitable
thickness. Alternatively, other suitable insulating materials may be used
besides 



15 ceramic. Examples of other suitable materials include without
limitation, nanoporous  materials, polymers, fiberglass, etc. In preferred
embodiments, load cell 104 is maintained  at a temperature ranging from
about 40C to about 60C. Load cell 104 is preferably integral with or built in
to the canister 102 such that the  canister and load cell form a single
transportable unit. In. some embodiments, load cell 104  20 and canister
102 are separate elements that are mechanically coupled. Load cell 104
may  be coupled to canister 102 by any means such as welding, bolting,
screws, etc. Alternatively, load cell 104 may be removably attached to
canister 102. Figure 3 is a schematic illustration of an embodiment of a
load cell 104. As shown,  the load cell 104 generally includes a processor
210, a memory module 235, a battery 240,  25 and a load sensor 250.
Typically, the load cell also comprises a battery 240 as its primary energy
source. Battery 240 provides power to load cell 104. However, load cell
104 may  also be connected to an external power source if necessary.
Preferably, battery 240 has a  capacity to last at least one year in normal
operations without recharging or exchanging the  battery. Examples of
battery 240 include without limitation, a lithium ion battery, a nickel  30
cadmium battery, etc. Processor 210 is generally a low-power, mixed
signal microprocessor. However,  load cell 104 may include any processor
suitable for implementing the functionality of load  cell 104 as explained
herein. Processor 210 preferably couples to a memory module and a WO
2007/031835 PCT/IB2006/002480  6 load sensor 250. In addition,
memory module 235 preferably comprises volatile and/or  non-volatile
memory. The non-volatile memory may comprise Flash memory.
Alternatively, the volatile memory may comprise any suitable type of
random access  memory (RAM). Memory module 235 is used to store
code or control logic that is 5 executed by processor 210. Such control
logic may be loaded into load cell 104 during  manufacturing. The control
logic may be loaded into non-volatile memory and either  executed directly
from the non-volatile memory or copied to the volatile memory for
execution therefrom. Moreover, memory module 235 may be used to store
or "lock" in the  initial combined weight of the canister, the canister
contents, and load cell. 



10 In further embodiments, load cell 104 comprises a display 220 (Figures
I and 3).  Display 220 is preferably but not necessarily capable of
displaying weights with up to 0.1 g  precision. Generally, display 220 is a
liquid crystal display (LCD). In some embodiments,  display 220 further
shows the different operating modes of load cell 104. For example,
display 220 may show that load cell. 104 is locked with the current fill
weight value. In. 15 another example, display 220 may show that load cell
104 is in an active weighing rnode.  In typical embodiments, display 220 is
located on the exterior of chemical storage device  100. Load cell 104
generally comprises a user input device 230 such as a keypad. The
keypad is preferably located in close proximity to the display. In other
embodiments, the  20 keypad is located in a recessed housing to prevent
accidental depression of the keypad buttons. The keypad enables a user
to manually tare and calibrate the load cell 102. Other  functionalities may
be operated by the keypad. Alternatively, user input device 230 may be  a
touch screen on display 220. In another embodiment, user input device
230 contains a  locking function such that inadvertent interaction with the
device will not activate the load  25 cell. In further embodiments, the load
cell 104 comprises a port that is capable of  transmitting data to an
external monitoring device such as a computer (not shown).  Examples of
ports include without limitation, a USE port, a serial port, an infrared port,
a  Firewire port, an Ethernet port, etc. The external monitoring device may
be any suitable 30 device capable of recording and storing data.
Examples of external monitoring devices  include without limitation, a
computer, a personal digital assistant (PDA), etc. In other  embodiments,
load cell 104 comprises a wireless receiver and transmitter. The wireless
receiver and transmitter are capable of receiving and transmitting data
wirelessly to an WO 2007/031835 PCT/IB2006/002480  7 external
monitoring device. Additionally, the wireless receiver may control the load
cell  104 via a remote user input device such as a remote control. Load
sensor 250 may comprise any type of sensor capable of measuring weight
without coming into physical contact with the contents of canister 102. In
preferred 



5 embodiments, load sensor 250 comprises a Wheatstone bridge sensor.
The Wheatstone  bridge sensor may be manufactured in-house or
purchased commercially. An example of a  commercially available
Wheatstone bridge sensor is Model PW2GC3 from ICBM, Inc.
Alternatively, load sensor 250 comprises a capacitance measurement
sensor. Capacitance  measurement sensors are available from LoadStar
Sensors, Inc. in California. Additionally, 10 while load sensor 250 is
preferably capable of weighing the contents of the canister to a  precision
of about 0.1 g, load sensor 250 may be capable of lower or higher
precision,  ranging from about 1 g to about 0.01 g, depending on the
application. In preferred  embodiments, load sensor 250 is capable of
sensing accurately across the operating weight  range of the device.
Specifically, load sensor 250 is preferably capable of measuring from  15
about 250 g up to at least about 10,000 g.. In another embodiment, only
load sensor 250 is integral or coupled to canister 102  (embodiment not
shown). In this embodiment, an external controller including display 220,
processor 210, user input device 230, and memory 235 is connected to
load cell sensor 250.  The external controller is connected to load sensor
250 when the chemicals are to be 20 weighed and is disconnected when
chemical storage device 100 is transported to a different  location. Figure
4 illustrates a method of monitoring real-time chemical usage by a user.
For  ease of discussion, the following description of the method refers to
the same reference  numbers used to describe the embodiments of the
apparatus as disclosed above. Generally, 25 the method initially
comprises providing a chemical storage device 100 comprising a load  cell
104 integrated to a canister 102. Referring now to Figure 4, the method
comprises  taring the empty chemical storage device 100 in block 301.
After the weight of the empty  canister 102 and load cell 104 is zeroed, a
desired amount of at least one chemical is then  added to the canister.
Generally, the chemical is added through inlet valve 120 or valve  30 124.
The weight of the empty chemical storage device 100 is typically tared via
user  input through user input device 230. By way of example only, a
button on a keypad is  depressed to tare the load cell 104. After taring,
load cell 104 measures the weight of the  added chemical and displays
the weight of the chemical contained in canister 102 on 



WO 2007/031835 PCT/IB2006/002480  8 display 220 (see Figure 1) in
block 305. One or more chemicals may be added to the  canister 102.
Generally, the chemicals are added through any one of the valves 120,
122, or  124. Once chemical storage device 100 is filled with the desired
chemical, it is transported  to the end user which is typically a
semiconductor manufacturing facility. However, the 5 user may be any
customer or consumer of chemicals. Chemical storage device 100 is
transported with the fill weight displayed on display 220. In an
embodiment, the weight  information is locked or stored in load cell
memory 235. Generally, the weight of the  canister contents is locked in
response to a user input from the user input device 230. For  example,
another button may be depressed on the user input device to store the fill
weight  10 and lock the displayed weight. The user receives chemical
storage device 100, and connects a dispensing device,  by the appropriate
fittings, to the appropriate point of use such as inlet and outlet valves  120,
122 in block 307. The dispensing device is typically any device or tool
used in the  semiconductor industry that withdraws and dispenses
chemicals for use in semiconductor 15 fabrication. During the connection,
chemical storage device 100 may experience a weight  gain due to the
weight of the fittings, as well as any downward force resulting from
applying the fittings to the canister. The added weight comes from the
force exerted by the  pigtails of the dispensing units that are used in the
semiconductor industry. The pigtails are  used generically herein to
describe any tubing and valves that are used to connect the inlet 20 and
or outlet valves of the chemical storage device to a fixed valve manifold
that performs  the functions necessary for dispensing the chemical. The
pigtails have a. certain amount of  flexibility in order to adapt to slight
variations in canister sizes and to make the exchange of  the chemical
storage device easy. Due to the flexibility that is required, the pigtails exert
a  force on the chemical storage device (interpreted as weight) thereby
changing the signal 25 that is read by load sensor 250. In response to a
user input, i.e. depression of a button, load sensor 250 is re- calibrated to
compensate for the added weight of the fittings in block 309. Thus, only
the  weight of the chemicals or materials in the canister 102 is displayed
on display 220; the  



weight from the added fittings is not displayed. Alternatively, load cell 104
automatically 30 compensates for any added weight from the dispensing
device after the dispensing device  has been attached without the need for
user input. As canister 102 is depleted of its contents, load cell 104
continuously measures and  displays the current weight of the remaining
contents in block 311. Furthermore, an  external monitoring device (not
shown) may be connected to load cell 104 via a port such WO
2007/031835 PCT/IB2006/002480  9 that weight data is continuously
transmitted to the external monitoring device and recorded.  In an
embodiment, the external monitoring device plots the chemical usage over
time.  Alternatively, the external monitoring device communicates with the
load cell 104  wirelessly. 5 When the displayed contents weight reaches a
predetermined set point in block 313,  the chemical storage device is
refilled for further use. Typically, chemical storage device  100 is
disconnected and shipped to another location for refilling. Any residual
chemicals  may be removed before refilling. In an alternative embodiment,
the canister is refilled on- site without needing to be disconnected. In
further embodiments, load cell 104 notifies a 10 user that a predetermined
set point has been reached by emitting an audible sound such as a  beep.
The predetermined set point may be programmed by a user via the user
input device  and stored in load cell memory. To further illustrate the
present invention, the following non-limiting examples are  provided: 15
EXAMPLE I Load cell measurements versus conventional scale
measurements A. canister with an integrated load cell was placed on top
of a weigh scale. The  canister was filled with about 300 nrL. of isopropyl
alcohol. Nitrogen was introduced into  20 the canister through an inlet
valve and vented through the exit valve. The nitrogen evaporated the
alcohol as it passed through the container. Weigh scale readings and load
cell readings were taken at specified time intervals. Results of the load cell
values and the  



weigh scale readings are shown in Figure 5. Results show that the load
cell values  accurately match conventional weigh scale readings
demonstrating the feasibility of the  25 chemical storage device.
EXAMPLE 2 Chemical storage device for elevated temperature
applications A prototype chemical storage device comprising a heating
jacket was built for high  30 temperature applications. The canister was
constructed with an outer diameter of 4.5 inches  and a height of 6.5
inches. A heating jacket with a thickness of 3/4 inch surrounded the
canister. A 3/8 inch thick ceramic plate was disposed between the canister
and the load  cell. Weight measurements taken at 170C showed no
change when compared to WO 2007/031835 PCT/IB2006/002480  10
measurements taken at room temperature. These results demonstrate the
feasibility of using  the chemical storage device at high temperatures.
Although the present invention and its advantages have been described in
detail, it  should be understood that various changes, substitutions and
alterations may be made 5 herein without departing from the scope of the
invention as defined by the appended claims.  Likewise, the sequential
recitation of steps in the claims is not intended to require that the  steps be
performed sequentially, or that a particular step be completed before
commencement of another step. WO 2007/031835 PCT/1B2006/002480
11 CLAIMS:  1. A chemical storage device for use in connection with a
dispensing device,  comprising: 5 a canister; a load cell integral with said
canister, said load cell comprising a processor  and a display; control logic
executable on said processor, wherein said control logic causes  said load
cell to: 



10 a) tare the empty weight of said canister in response to a user  input; b)
display the weight of at least one chemical added to said  canister on said
display; c) calibrate said load cell after said dispensing device is 15
attached to said canister such that only said weight of said at least  one
chemical is shown on said display; and d) continuously display the weight
of said at least one chemical  as said at least one chemical is consumed.
20 2. The chemical storage device of claim 1, wherein a plurality of valves
are coupled to  the canister, and wherein each of said valves is in fluid
communication with the interior of  the canister. 3. The chemical storage
device of claim I, further comprising means for heating said  25 canister.
4. The chemical storage device of claim 1, further comprising an insulating
layer  disposed between the load cell and the canister. 30 5. The chemical
storage device of claim 4, wherein the insulating layer comprises a
ceramic plate. 6. The chemical storage device of claim I, wherein the
canister and the load cell are  made of stainless steel. WO 2007/031835
PCT/IB2006/002480  12 7. The chemical storage device of claim 1,
wherein the canister is capable of  containing a liquid, a solid, or a gas. 5
8. The chemical storage device of claim 1, wherein the load cell further
comprises a  battery. 9. The chemical storage device of claim I, wherein
the load cell further comprises a  memory module coupled to the
processor. 10 10. The chemical storage device of claim 1, wherein the
load cell further comprises a  



user input device. 11. The chemical storage device of claim 10, wherein a)
occurs in response to a user  15 input from the user input device. 12. The
chemical storage device of claim 10, wherein c) occurs in response to a
user  input from the user input device. 20 13. The chemical storage device
of claim 10, wherein the user input device comprises a  keypad. 14. The
chemical storage device of claim 9, wherein said control logic further
causes  the load cell to store the weight of the at least one chemical
added to the canister in the  25 memory module in response to a user
input. 15. The chemical storage device of claim 1, wherein the load cell
farther comprises a  load sensor coupled to the processor. 30 16. The
chemical storage device of claim 15, wherein the load sensor comprises a
wheatstone bridge type sensor. 17. The chemical storage device of claim
15, wherein the load sensor comprises a  capacitance type measurement
sensor. WO 2007/031835 PCT/182006/002480  13 19. The chemical
storage device of claim 15, wherein said load sensor is capable of
measuring weight in the range from about 250 g to about 10,000 g. 5 19.
The chemical storage device of claim 15, wherein said load sensor is
capable of  measuring weight to a precision of about 0.1 g. 20. A method
of monitoring chemical usage comprising: a) taring the weight of an empty
chemical storage device that includes an  10 integral load cell; b) filling the
chemical storage device with at least one chemical to a fill  weight; c)
attaching the chemical storage device to a dispensing device; d)
calibrating the load cell to compensate for the weight of the dispensing  15
device such that only the fill weight of the at least one chemical is
displayed; 



e) continuously measuring the weight of the at least one chemical
remaining in  the chemical storage device. 21. The method of claim 20,
wherein the chemical storage device further comprises a  20 display, a
memory module, and a user input device. 22. The method of claim 21,
wherein (b) further comprises displaying the fill weight on  the display. 25
23. The method of claim 21, wherein (e) further comprises displaying on
the display the  weight of the at least one chemical remaining in the
chemical storage device. 24. The method of claim 21, further comprising
storing the fill weight in the memory  module after (b). 30 25. The method
of claim 20, further comprising transporting the chemical storage  device
to a semiconductor manufacturing facility after (b). 26. The method of
claim 20, wherein (a) is performed in response to a user input. WO
2007/031835 PCT/1B20061002480  14 27. The method of claim 20,
wherein (e) is performed in response to a user input. 


