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UNITED STATES DISTRICT COURT 3
MIDDLE DISTRICT OF FLORIDAUS 0isTc count
ORLANDO DIVISION G zu. FLonioa

Twin Rivers ENGINEERING, INC.,
a Florida corporation,

Plaintiff,

- apl -3\eS
vs. CASE NO.: (5:0u-CV- 18307 0FL S

INFICON, INC.,, a foreign
corporation,

Defendant.

COMPLAINT, DEMAND FOR JURY TRIAL
AND INJUNCTIVE RELIEF SOUGHT

Plaintiff, Twin Rivers Engineering, Inc. (“Twin Rivers”), sues
Defendant, INFICON, INC., a foreign corporation (“Inficon” or
“Defendant”), for patent infringement, and in support alleges the following;

PARTIES
1. Twin Rivers is a Florida corporation with its principal place of
business in Brevard County, Florida.
2. Inficon is a Delaware corporation with its principal place of business
in Syracuse, New York, registered to do business in Florida.

JURISDICTION AND VENUE
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3. This is an action for patent infringement arising under the patent laws
of the United States, specifically 35 U.S.C. § 271, et seq.

4, Jurisdiction in this Court is founded under 28 U.S.C. §§ 1331,
1332(a), and 1338(a).

5. Defendant, Inficon, is a corporation of the State of Delaware, having

its principal place of business at Two Technology Place, East Syracuse NY

13057.

6. The Court’s jurisdiction with respect to these claims arise under the
patent laws of the United States, Title 35, U.S.C. Jurisdiction is founded
upon 28 U.S.C. Section 1338(a). Jurisdiction over the defendants exists
because they do business in Florida and/or have committed acts of patent
infringement in Florida.

7. Venue in this district is appropriate pursuant to 28 U.S.C. § 1391 and
1400(b) because a substantial part of the events giving rise to this claim
occurred in this district, Twin Rivers has suffered injury in this district,

Defendant reside in this district under the patent venue statute, and
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Defendant has committed acts of patent infringement and/or induced the
commission of acts of patent infringement in this district.

COUNT I — INFRINGEMENT OF U.S. PATENT 6.101.534

8. Twin Rivers realleges paragraphs 1 through 6 as if fully set forth
herein.

9. Twin Rivers is the owner by assignment of United States Patent No.
6,791,088 (“the ‘088 patent”), entitled “Infrared leak detector.” The ‘088
patent was duly and lawfully issued on September 14, 2000 by the United
States Patent and Trademark Office and is now, and has been at all times
since its date of issue, valid and enforceable. A copy of the ‘088 patent is
attached as Exhibit “A.”

10.  The ‘088 patent relates to a leak detector instrument which uses an
infrared emitter and sensor to identify the presence and concentration of
material gas compounds such as refrigerant gas.

11.  Twin Rivers is the owner by assignment of United States Patent No.
7,022,993 (“the ‘993 patent”), entitled “Infrared leak detector.” The ‘933
patent was duly and lawfully issued on April 4, 2006 by the United States

Patent and Trademark Office and is now, and has been at all times since its
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date of issue, valid and enforceable. A copy of the ‘993 patent is attached as
Exhibit “A.”

12. The ‘993 patent relates to a leak detector instrument which uses an
infrared emitter and sensor to identify the presence and concentration of
material gas compounds such as refrigerant gas.

13.  Defendant infringes the ‘088 patent by making, using, selling and/or
offering to sell products, including but not necessarily limited to those
infrared leak detector instrument which uses an infrared emitter and sensor
to identify the presence and concentration of material gas compounds such
as refrigerant gas,” covered by the claims of the ‘088 patent in this District
and elsewhere, and will continue to do so unless enjoined therefrom by this
Court. A copy of Inficon’s informational brochure is attached hereto as
Exhibit “C.”

14.  Defendant infringes the ‘993 patent by making, using, selling and/or
offering to sell products, including but not limited to, D-TEK infrared leak
detector instruments which use an infrared emitter and sensor to identify the
presence and concentration of material gas compounds such as refrigerant

gas,” covered by the claims of the ‘088 patent in this District and elsewhere,
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and will continue to do so unless enjoined therefrom by this Court. A copy
of Inficon’s informational brochure is attached hereto as Exhibit “C.”

15.  Defendants have also infringed the ‘088 and 993 patents by
contributorily infringe, and/or induce infringement of, one or more of the
claims of the ‘088 and ‘993 patents. Defendant will continue to infringe in
the future unless enjoined by the Court.

16.  Upon information and belief, the Defendants continued infringement
of the ‘088 patent and ‘993 patent, whether direct, contributory, and/or by
inducement, has been and continues to be knowing and willful.

17. Twin Rivers has been damaged by Defendant’s infringement of ‘088
and ‘993 patents.

WHEREFORE, Twin Rivers seeks the following relief:

A.  That the Court find Defendant liable for direct infringement of
the ‘088 and ‘993 patents, either literally or under the doctrine of
equivalents, and/or that Defendants has contributorily infringed and/or
induced infringement of the ‘088 and ‘993 patents.

B.  That Defendant, and all of their agents, servants, employees,

successors, and assigns, and all persons acting in concert or active
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participation with Defendants, be preliminarily and permanently enjoined
and restrained:

(i)  from making, using, importing, selling, and/or offering to
sell products, related products, or other goods in the United States that
infringe on the ‘088 and ‘993 patents

(i) to deliver up for destruction all products, related
products, or any other goods that infringe on the ‘088 and 993 patents.

(ii1) to file with the Court and serve upon Inficon written
reports under oath setting forth in detail the manner in which Defendant has
complied with the injunction.

C.  That the Court order an accounting for damages resulting from
Defendants’ infringement.

D.  That the Court award Inficon damages due to Defendants’
infringement of the ‘088 and ‘993 patents.

E.  That the Court award the Plaintiff treble damages as provided
in 35 U.S.C. Section 284.

F.  That the Court award Inficon its taxable costs and expenses.
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G. That the Court award Inficon both pre-judgment and post-
judgment interest.
H.  Such further relief as the Court deems just and proper.

COUNT 11
UNFAIR COMPETITION CLAIM

18.  Twin Rivers repeats, re-alleges and reincorporates by reference
paragraphs 1 through 17 above as if set forth herein.

19.  The acts by Inficon as set forth above constitute unfair competition
and an infringement of Twin Rivers’ rights and its patent.

20.  Continually since the inception of the ‘088 and ‘993 patents, Twin
Rivers has enjoyed the exclusive right to use the patent and to license the
software.

21.  Twin Rivers has expended innumerable sums of money and time to
design and protect its patent rights.

22.  Inficon has unfairly competed against Twin Rivers by inducing
infringement of one or more claims of the ‘088 and ‘993 patents by
manufacturing, marketing and distributing its D-TEK products for which

Twin Rivers has expended resources into its ‘088 and ‘993 patents which
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Inficon is offering for sale, without any compensation to Twin Rivers or any
acknowledgement of Twin Rivers’ patents.
1.  Twin Rivers has suffered damages as a result of Inficon’s unfair
competition.
2. Wherefore, Plaintiff demands:
A.  Pursuant to 35 U.S.C. §283, an injunction against Inficon
for directly infringing and inducing infringement of the ‘088 and ‘993
patents;
B.  Pursuant to 35 U.S.C. §283, an injunction against any
Defendant, officer, agent, servant, employee, and those persons acting
in active concert participation with any of them from infringing, either
directly, by inducement or by a contribution, the ‘088 and ‘993
patents;
C.  Pursuant to 35 U.S.C. §284, that an accounting be had for
damages caused by Defendant’s infringing activities and that Plaintiff

be awarded damages;
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D. Pursuant to 35 U.S.C. §284, that because Inficon’s
activities have been willful and deliberate, Plaintiff be awarded treble
damages;

E. Pursuant to 35 U.S.C. §284, that an assessment of interest
be made upon all damages;

F.  Pursuant to 35 U.S.C. §285, that Plaintiff be awarded its
attorneys’ fees, costs and expenses in this action; and

G.  Pursuant to 35 U.S.C. §289, that Plaintiff be awarded any
such further necessary and proper relief as this Court may deem just.

JURY DEMAND

Twin Rivers demands trial by jury on all issues so triable.

Respectfully submitted, this _Uﬁ_\day of December, 2006.

Attorneys for Plaintiff
Broad and Cassel

P.O. Box 4961

Orlando, Florida 32802-4961
Phone: (407) 839-4200

Fax: (407) 425-8377

NICOLETTE CORSO VILMOS
Florida Bar No. 0469051
nvilmos@broadandcassel.com

~
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United States Patent 6,791,088
Williams, 11, et al. September 14, 2004
Infrared leak detector
Abstract

A leak detector using an infrared emitter and pyroelectric sensor to form an instrument for identifying
the presence and concentration of a selected material type gas compound, such as a refrigerant gas
compound within a given sample, such as a sample of ambient air. For the detection, a radiation flux
coming from an infrared emitter penetrates the sample, which is analyzed spectrally, and results in a
wave length-specific signal being generated at the output of the detector. By controlling the type of
optical filter, the radiation energy is controlled at a selected wavelength, to ensure coverage of all
selected compounds. For refrigerants, the selected wavelength can be between approximately 8 to
approximately 10 microns in the wavelength range. This selected wavelength obscures other signals,
thus minimizing false alarms. By not chopping or pulsing the emitter, the leak detector has a faster
response time with no adverse impacts on the accuracy of the compound material being detected. To
further minimize false alarms and to ensure that the emitter does not come in contact with the sample
gas, an additional filter can be positioned in the optical path. For refrigerant compounds, the filter can
block out signals below approximately 6 microns. For detecting refrigerants, two filters can be used: 1) a
broadband filter to allow detection of all refrigerants currently on the market, and 2) a narrowband filter
to limit detection only to R134.sub.a which possesses a narrow wavelength, so that detection of other
compounds (or contaminants) can be minimized.

Inventors: Williams, IT; William J. (Melbourne, FL), Dejong; Glenn A. (Merritt Island, FL)
Assignee: Twin Rivers Engineering, Inc. (Melbourne, FL)

Appl. No.: 10/138,399

Filed: May 3, 2002

Current U.S. Class: 250/343 ; 250/345

Field of Search: 250/343,345,338.5 73/40,40.7,49.1,49.2
340/605,539,632,491.6,693.5,635,363,464,455 356/437,414
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Parent Case Text

This invention relates to gas leak detection, and in particular to methods and devices using infrared
optical chambers with circuits in a portable gas leak detector, and this invention claims the benefit of
priority to U.S. Provisional Application 60/288,857 filed May 4, 2001.

Claims

We claim;

1. A portable handheld infrared (IR) refrigerant gas leak detector, comprising in combination: an
infrared (IR) chamber; means to solely draw a gas sample from a gas leak emanating from a single
pressurized refrigerant gas source into the chamber; means for detecting a selected compound from the
sample in the chamber; and a handheld housing for supporting the chamber, the drawing means and the
detecting means so that the detector is portable and is carryable in a single hand, wherein the detector
detects whether there is a leak in the single pressurized gas source without introducing or mixing a
secondary tracer gas within the device.

2. The portable detector of claim 1, wherein the IR chamber includes: an IR emitter for emitting an IR
beam; an IR filter in the path of the beam; and an IR sensor for receiving the emitted beam; and and a
reaction tube where the sample interacts with the IR beam.

3. The portable detector of claim 2, wherein the filter includes: a broadband filter for passing
wavelengths between approximately 8 to approximately 10 microns therethrough, and the sample is

refrigerant.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF &p=1&u=%2Fnet... 11/8/2006
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4. The portable detector of claim 2, wherein the IR filter includes: a narrowband filter which limits
detection to (HFC) Hydrogenated Fluorocarbon compound refrigerants.

5. The portable detector of claim 2, wherein the IR filter includes: a first broad band filter for filtering
the beam before the beam passes into the chamber for removing portions of gas constituents from being
selected for leak detection; and a narrow broad band filter for filtering the beam after the beam passes
through the chamber and into the IR sensor.

6. The portable detector of claim 5, wherein the first broadband filter and the second broadband filter
each pass in-band IR energy within the range of approximately 8 to approximately 10 microns.

7. The portable detector of claim 2, further comprising: an audio output to the detector for emitting an
audio signal from a detected leak, the audio output having a zero control setting having a substantially
constant approximately 1 Hz chirp signal, the audio output digitally shifting to a 2 Hz chirp rate upon
detection of the gas leak, and the audio output increasing the chirp rate above approximately 2 Hz in
proportion to size of the gas leak being detected.

8. The portable detector of claim 2, further comprising: a signal detection accumulator with a forward
biased detector circuit; and a zero circuit referenced to approximately a circuit ground instead of
referenced between supply rails.

9. The portable detector of claim 2, further comprising: a window adjacent to the emitter which reduces
convection noise and increases in-band IR radiation signal strength.

10. The portable detector of claim 1, wherein the drawing means includes: an air pump having a
continuous sampling rate of approximately hundreds of cc/min so that the detector does not have to be
within approximately 0.635 centimeters (approximately 0.25 inch) of a refrigerant leak source, and the
sample includes an air sample that includes the refrigerant leak source.

11. The portable detector of claim 1, wherein the IR leak detector includes: a pyroelectric sensor.

12. The portable detector of claim 11, wherein the sensor is selected from at least one of: a pair of back
to back piezo capacitor elements.

13. The portable detector of claim 1, further comprising: an elongated continuously cylindrical and
detachable needle probe extension for attaching adjacent to the drawing means for allowing the detector
to take the sample in tight spaces, the needle probe extension having an inlet opening adjacent to and not
at a tip end of the needle probe extension.

14. The portable detector of claim 1, wherein the IR chamber includes: a gold plated plastic infrared (IR)
optical chamber.

Description

BACKGROUND AND PRIOR ART

Leak detectors have been used for many applications which include detecting the concentration of
specific types of gases. However, using the detector to analyze certain types of gases such as

http://patft.uspto.gov/netacgi/nph-Parser?Sect1 =PTO2& Sect2=HITOFF &p=1&u=%2Fnet... 11/8/2006
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refrigerants, and the like, raises safety and environmental concerns. For example, a leak detector can be
designed to detect the concentration of refrigerant gas in surrounding ambient air. This application is
important, as leaking refrigerant gas can pose a threat to both health and the environment. As used
herein, the term gas refers to any gaseous matter and may refer to, e.g., a combination of elemental
gasses, and e.g., (ambient atmospheric gas "air").

Previous portable leak detection equipment use Heated Diodes, Negative Corona Discharge, and other
techniques. However, problems existed with these technologies. For example, short sensor life and false
alarms have been usual problematic results.

Although infrared technology has existed for many years, infrared technology has not been previously
used for leak detection applications for many reasons. For example, manufacturing costs would have
made the use of infrared technology too expensive to be used as a leak detector.

A "closed path” type refrigerant monitor has been previously proposed for passing a modulated light
beam through a gas to be analyzed and then to an optical detector, all within a closed optical chamber.
The detected light is analyzed to provide information about the gas (for example, concentration). The
detected light energy may be bandwidth limited such that a specific range of wavelengths is detected to
facilitate analysis of particular gasses. However, there are known problems with the "closed path”
monitors. For example, analysis is complicated by very little light energy being absorbed by low gas
concentrations, substantial low frequency noise present in the analysis system and optical losses
associated with typical optical pathways.

As one solution, modulation of the light beam has been performed at relatively high frequencies such
that a reasonably large signal-to-noise ratio is maintained in the detected signal. However, there are
problems with these solutions. Broadband light sources use a filament to produce spectral emission and
accordingly, electronic modulation thereof at high frequencies is impractical. The filaments require too
much time to heat up and cool down for high-frequency modulation. Therefore, mechanical choppers
have been used to provide high-frequency modulation of the optical source. Unfortunately, mechanical
choppers consume significant energy, decrease instrument reliability and increase the complexity, size
and weight of instruments that they are incorporated within.

Other closed path instruments have operated without a mechanical chopper by using more powerful
sources, more sensitive detectors and/or long optical paths (to facilitate increased spectral absorption by
the gas analyzed) so that a somewhat lower infrared modulation frequency operation may then become
possible. However, these solutions increase the size, cost and/or weight of the instruments to which they
are applied.

To date there is no known type of leak detector that operates within a one second or less response time,
is portable and battery powered and eliminates the problems described above with the prior art.

SUMMARY OF THE INVENTION

A primary objective of the invention is to provide an infrared leak detector that can be both portable and
battery powered.

A secondary objective of the invention is to provide an infrared leak detector that can both portable and
electrical cord powered.

A third objective of the invention is to provide an infrared leak detector that can operate within a one
second or less response time.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PT02&Sect2=HITOFF &p=1&u=%2Fnet... 11/8/2006
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A fourth objective of the invention is to provide an infrared leak detector having a long sensor life that
does not become easily degraded by exposure to large leaks or other reactive gases.

A fifth objective of the invention is to provide an infrared leak detector having accurate sensitivity and
accurate selectivity with substantially no false readings.

A preferred embodiment of the hand-held (portable) leak-detector uses Infrared technology to sense
when the probe passes a leak. The detector can include an infrared (IR) chamber, an air pump to draw an
air type sample such as refrigerant gas into the chamber, a pyroelectric sensor for detecting a selected
compound from the sample in the chamber wherein all the components are supported within a portable
housing that can be supported in a single hand of a user. The air pump can have a flow rate of
approximately 500 cc/min to allow for sampling and finding a small leak without needing for the device
to be within approximately 0.635 centimeters (approximately 1/4 inch) of the leak source.

The IR chamber can include an IR emitter for emitting an IR beam, an IR filter in the path of the beam,
an IR (pyroelectric) detector such as back to back piezo capacitors, Lithium Tanalate, and the like for
receiving the emitted beam and a reaction tube where the air sample interacts with the IR beam.

The IR-based leak-detection does not attempt to generate or process a signal proportional to the actual
level or concentration of Refrigerant in the probe air stream, but instead maintains a zero signal for any
constant level of Refrigerant in the air, i.e., that is not frustrated by background levels of Refrigerant that
may have built up, which thus allows more sensitivity to a small leak. The IR beam used in the detector
is NOT chopped or pulsed to generate a continuous signal at the detector.

The lack of IR pulsing results in a lack of signal when the air sample is clean (i.e., no gas of interest to
detect. On the other hand, the detector and electronics is designed to settle to a d/c equilibrium voltage
(which is the same as the zero level set by the user), whenever there is any constant level of Refrigerant.
In other words, the instrument is designed to NOT detect a constant level of Refrigerant. Therefore a
signal is generated only when there is an increase in the Refrigerant concentration that changes (rapidly)
within the time frame the instrument is designed to detect. The time frame for detecting change is in the
order of one second for typical leak detectors, which is a typical time that the sampling probe is moved
across a few inches of piping and fittings. This time frame also correlates with a significant amount of
air from the leak source entering the chamber, at the approximate 500 cc/min flow rate. The instrument
detects the increase in concentration associated with approaching a leak, but ignores the background
concentration of Refrigerant that may have built up in a room over longer periods of time (minutes and
hours). Additional favorable byproducts of this non-pulsed approach is (1) the elimination of mechanical
and or electrical devices to perform the chopping, (2) the battery consumption and (3) the cost of these
devices, and (4) elimination of the noise associated with and generated by chopping or pulsing the
emitter IR beam, including noise from the imperfections or variations in the chopping, and the noise
associated with a significant non-zero signal level.

The device eliminates the extra signal processing required to determine a leak condition by comparing
many actual measured levels of concentration. The invention produces a signal only and directly from
the sudden rise in concentration at a leak, and avoids processing a continuous measurement signal.

The accumulator within the detector is used as a type of peak-detector and can include a resistor R26
that pulls the op-amp's inverting input low, from a nearly constant current sinked to Vee that must be
supplied from the amplifier. This therefore keeps the amplifier and diode in an active positive (forward)
mode. There are several non-obvious, but important benefits to this accumulator. First, the amplifier 1s
not allowed to operate near zero, where the output diode could turn off, and allow the amplifier to swing

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnet... 11/8/2006
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negative, causing instability and noise. This forced active-forward mode allows the leak detector to
function without a pulsed emitter, and with great sensitivity. (IR systems with pulsed emitters do not
face this instability issue, since there is always a signal being generated from the chopped IR at the
detector.) The accumulator's output signal decays at a rate determined by C14 and (mostly) R28. This
time constant is designed to provide the user with an attention-getting response from even a very small
leak.

Another benefit of the forward-active accumulator is that the zero control always operates slightly
positive, for any variations in manufacturing and operation, so it can reference (quiet) ground, rather
than (far) between Vee and Vcce. This can allow a more precise and stable zeroing, and provides faster
zero setting, due to the relatively low resistance to ground.

The Emitter chamber in the detector can be shaped to maximize direction of the IR down the tube (vs.
absorption by the wires, header, etc., while at the same time directing the majority of the radiation, that
is not initially aligned with the IR tube, to travel down the tube at large angles, with many bounces off
the tube surface, so that the optical length is greatly increased. A longer optical length can increase the
probability that the IR radiation will interact with a molecule of the gas being detected. This in turn, can
increase the signal strength, and decreases the minimum concentration that can be detected.

The detector sensor can be a pyroelectric device that has, in a preferred implementation, matched back-
to-back crystals of, for example, Lithium Tantalite. The output of the 2 crystals can tend to cancel each
other when at equilibrium, but produce an electrical voltage when the outer element is heated by
exposure to IR radiation.

The output of these 2 parallel detectors can be buffered by a JFET. An IR optical filter is just in front of
the IR detector, to allow the detector to only "see" the narrow band wavelengths selected for maximum,
unique interaction with the Refrigerant. An optical filter is typically placed in the beam-line before the
IR interaction tube, to eliminate both large and small wavelength radiation from entering the gas
interaction area. This eliminates the chance for this excess energy, out of the band of interest, to interact
with foreign gases (e.g., water vapor, CO2) such that re-emission into the band of interest can create
noise and false signals.

The air pumps, an electrically noise component, can be isolated from the rest of the device by an IC
voltage regulator with filter capacitors on both sides. The sensitive analog circuitry can be powered by a
regulated DC/DC converter, with an additional LC filter at both outputs.

The whole leak detector can be powered for several hours from a rechargeable battery, or can be
powered continuously from an AC/DC supply module that plugs into 115 Vac or 230 Vac.

Many other types of gases other than refrigerant gas R134a can be detected with the detector. And an
extendable bendable probe extension can be used.

Further objects and advantages of this invention will be apparent from the following detailed description
of a presently preferred embodiment which is illustrated schematically in the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a cross-sectional view of an optical chamber with a maize-like folded path that can be used
with the subject invention.

FIG. 2 is a cross-sectional view of another optical chamber that can be used with the subject invention

http://patft.uspto.gov/netacgi/nph-Parser?Sect 1=PTO2&Sect2=HITOFF &p=1&u=%2Fnet... 11/8/2006



Uniasttg o eiwn1879L88P-KRS Document 1 Filed 12/07/06 Page 16 of 39 Pdyep/1d 13

having a bent path.

FIG. 3 shows an exterior perspective view of the novel portable detector housing.

FIG. 4 shows a cross-sectional interior view of the detector housing of FIG. 3.

FIG. 5 shows a block diagram of the operational components used in the detector of FIGS. 3-4.
FIGS. 6a, 6b, 6¢ and 7a and 7b are schematics of the electronic circuitry within the novel detector.
FIG. 8 shows another optical chamber that can be used with the novel detector.

FIG. 9 shows a needle probe extension that can be used with the novel detector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before explaining the disclosed embodiments of the present invention in detail it is to be understood that
the invention is not limited in its application to the details of the particular arrangement shown since the
invention is capable of other embodiments. Also, the terminology used herein is for the purpose of
description and not of limitation.

For the invention, "air" can refer to a gaseous sample that may or may not contain any molecules of
interest to the user. "Refrigerant" can refer to molecules of the gas with is of interest to the user, i.e., to
be detected, but could in some applications be other refrigerants or other compounds of interest such as
Methane, gasoline, and the like.

The novel leak detector can be comprised of an infrared (IR) chamber, an air pump to draw in a sample,
and electronics to process the signal. The IR chamber can contain an IR emitter, IR filters, an IR sensor,
and a reaction tube where the sample air interacts with the IR beam.

FIG. 1 is a cross-sectional view of an optical chamber with a maize-like folded path to accomplish long-
path behavior in a compact chamber that can be used with the subject invention. FIG. 2 is a cross-
sectional view of a bent optical chamber that can be used with the subject invention which can optimize
long IR path length behavior by setting an optimum number of reflections by the optimized bend angle.
The preferred embodiment of the chamber can be a gold plated chamber. A typical ray trace is shown in
FIG. 2.

The portable gas leak detector of the invention can use an optical chamber to efficiently couple infrared
(IR) energy from an optical source to an optical sensor, while maximizing IR interaction with the sample
material gas. There are several optical chambers that can be used. FIGS. 1-2 are examples of optical
chambers that can be used with the novel portable detector of the subject invention. FIG. 2 shows a bent
chamber which can optimize long IR path length behavior by setting an optimum number of reflections
by the optimized bend angle. FIG. 2 shows an optical chamber which can use a maize-like folded path to
accomplish long-path behavior in a compact chamber. Both FIGS. 1 and 2 can allow the volume to be
minimized to improve response and recovery times, and retain linear flow of the gas to improve gas
clearing time. A description of the components will now be described. Component 11 refers to
hemispherical shape, 26 is a first filter, 43 is the infrared(IR) emitter, 23 is the sample air intake port, 25
is the gold plated housing. 28 refers to a fastener such as a screw, and the like. 19 refers to surface for
holding the detector in place. 17 refers to the cone shape for directing IR energy. 21 refers to surface for
holding the IR emitter. 28 refers to the screw hole for assemblying the housing together. 27 refers to the
sample gas outlet to the pump(shown in FIG. 5). 29 refers to plastic housing. 41 refers to IR emitter. 43
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refers to seal for emitter. 47 refers to the pyroelectric IR sensor. 49 refers to the seal for the sensor 47.

Referring to FIGS. 1-2, IR energy passes through the hemispherical shape 11 and is directed through
thrombone shape into chamber passing through the first filter 26 that blocks energy from approximately
6 microns down. The energy continues through the chamber and is absorbed by sample gas coming from
inlet 27 continuing through the chamber through the cone shape directing into the sensor 47. The sensor
can be fitted with a bandpath filter having a narrow bandwidth of approximately 8.48 to approximately
9.9 microns that allows energy to pass into the sensor 47 which can pass onto a personal computer for
later processing and display, as needed. An airpump(180 shown in FIG. 5) can pull air out of outlet port
27.

The IR emitter can be a resistive metal element that is heated via an electrical current to a temperature
where its gray- or black-body radiation is maximized at the band of wavelengths where there is
significant and unique interaction with the gas molecules being detected. Although not essential to the
operation of IR-based detection, an emitter with a positive temperature coefficient of resistance
improves the performance of a battery-powered instrument. With battery voltage typically varying by
approximately 20% or more from fully charged to almost discharged, the power consumed, temperature,
and emission spectrum for a positive temp-co emitter will vary considerably less than approximately
20%. A thin platinum film on a silicon/silicon oxide, or an alumina surface is an example of a positive
tempco resistance, whereas a NiCr resistively heated emitter generally has a small tempco, and so is
more suited to an instrument powered from a regulated ac/dc power supply.

The IR can travel down a tube or beam-line where the air sample is drawn in to interact with the IR
beam. This tube can be plated with a material that is highly reflective, such as gold and the like, in order
to conserve the signal from loss through absorption by the tube walls. The emitter end of the tube can be
a chamber shape to insure that most of the emitted IR gets directed down the interaction tube.

One improvement for hand-held leak detectors is to construct the IR chamber such that the emitter end is
not aimed down the interaction tube, but instead is aimed at a sharp bend in the chamber that forces most
of the IR energy to reflect of the walls of the interaction tube many times before reaching the detector.
The zigzag path from the repeated reflections can create a longer IR path length, and increase the
probability of absorption by a low concentration of Refrigerant, and thus increase signal strength and
sensitivity to smaller concentrations. My method to increase the effective IR path-length can be
important to a portable leak-detector, where space is confined.

"The IR detector can include an optical filter "window" that is designed to only allow access to IR
wavelengths that interact (get absorbed) strongly with the molecule being detected (e.g., Refrigerant).
These wavelengths can be called "in-band."

An important feature to the hand-held leak-detector can be a second optical filter. Just prior to the entry
point of the air being sampled, the IR beam can pass though an optical filter designed to remove as
much "out-of-band" energy as possible, so the remaining IR beam is predominately of wavelengths that
interact strongly with the gas of interest. This increases the signal-to-noise ratio of the system, and
decreases the likelihood of false readings. Since most of the emitted blackbody radiation energy is
typically out-of-band, the filter on the detector element would block it. However this excess energy, if
absorbed at the detector filter, causes unwanted heating of the detector, which in itself increases the
noise floor of the detector. In addition, some of the out-of-band spectrum can be absorbed with
compounds (water-vapor, carbon-dioxide, gasoline vapor, and the like) in the incoming air, and
potentially be re-radiated in-band. Any significant variation in these extraneous compounds can cause
variations in the energy seen by the detector, and can cause a false response.
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The sensor/detector can be a pyroelectric element. A version employed in this leak detector can include
a pair of back-to-back piezo capacitor elements. The pair can be configured to cancel any direct
temperature effects that they both experience. Only one element can be exposed to the incoming IR
energy. If the IR energy changes (decreases due to absorption by Refrigerant molecules), the slight
cooling changes the stress in the element, which changes the electrical potential on the element (pair),
which in turn gets amplified by the integral JFET amplifier. The output voltage change on the JFET is
then processed to interpret the signal.

An air pump can be used to pull the air sample from the probe tip and through the IR chamber. The
pump can be supplied from the battery though a voltage regulator and filter, which provides a more
steady air flow, and prevents electrical noise from entering the detector electronics.

The signal from the detector JFET can be processed first by an ac-amplifier that is designed to block the
de level of the detector (which can vary widely), and pass only the differential of the detector output
voltage, with a time constant tuned to the reaction of the detector, the delta-time of passing a leak, and
the time to fill the IR chamber with an incoming air sample (this is a band-pass on the order of one Hz.)

The differential signal can then be amplified and passed to an accumulator, which consists of a small-
signal rectifier and integrator with a bleed-back time constant of a few seconds. This can allows a
fleeting signal from a very small leak to be held long enough to be processed by subsequent electronics,
and then expressed to the user with visual and/or audio alerts long enough to get his/her attention.

The signal from the accumulator goes to another amplifier that provides the user with a zero control to
null out any dc drift anywhere in the system, so that the electronics can be tuned to maximum
sensitivity. The signal is then passed through a buffer and to a range-control amplifier designed to allow
range changes with minimal upset to signal levels. The range control typically provides a 1.times.,
4.times., and 16.times. increased in output sensitivity (L, M, S range) to the audio/visual electronics. A
clamp is provided to prevent large negative voltages from rebound due to very large signals, or due to
the operator inadvertently setting the zero control too far the wrong way.

The above analog signal can then be presented to a simple digitizer that turns on LEDs in a bar-graph
configuration. A single on-LED(such as a green light) shows the operator that the electronics is correctly
zeroed, and ready for use. The larger the leak/signal, more LEDs light up. The digitizer ladder has an
exponential response to increase the resolution of more interesting signals, i.c. smaller leaks.

The analog signal can be processed uniquely in several ways at the audio VCO. First, a chirp rate of
approximately 1 Hertz occurs when the electronics is correctly zeroed. If the zero is even slightly too
high, the chirp rate immediately jumps to approximately 2 Hertz. If the zero control is too low, the chirp
is completely suppressed. When a signal (Refrigerant) is detected, the chirp rate increases in proportion
to the leak size. If the leak is very large, the chirp turns into a loud steady tone of approximately 3000
Hertz. Even the smallest leak detectable will cause the chirp rate to increase to a minimum of
approximately 2 Hertz, which easily catches the attention of the operator. The audio therefore is
designed to allow full operation of the leak-detector with the operators eyes fixed on the probe tip, rather
than the instruments display.

A low battery warning LED can be provided. Using a precision reference and a voltage divider tailored
to the specific type of battery used (e.g., Nickel-Metal-Hydride), the LED is set to go on to warn the
operator that approximately 80% of the battery's charge is depleted, so that he/she is more likely to get
the unit recharged while convenient, and to avoid deep discharges that can affect the overall life of the
NMH battery.
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The controls for the device can be a Power-on, audio enable, zero, and range. A charging status LED can
be activated when the battery charger supply is plugged into the leak detector. The charging circuit
lights this LED brightly when the battery is low, and then dims the LED as the battery nears full charge.

Note that the above description of the electronics details some specific circuit elements used in one
preferred embodiment. The invention can be broader than those specifics. For example, as detailed
above, the detector output goes to an ac amplifier with a band-pass of approximately 1 Hz. Since no
continuous signal is generated, and the IR emitter is not pulsed, the function of this ac amplifier is to
produce a signal that represents a change in the dc level from the detector.

Other electronics can do this function as well: taking this differential can be done digitally as well as in
analog. For example, another embodiment could be as follows: a minimum amount of analog
amplification of the detector, and then an A/D converter, followed by digital processing to determine
signal speed and amplitude, and then to generate an output signal that holds and decays at a rate that
provides maximum indication to the human user. The functionality could also be done with an analog
switched-signal or sampling mode.

FIG. 3 shows an exterior perspective view of the novel portable detector housing 1. FIG. 4 shows a
cross-sectional interior view of the detector housing 1 of FIG. 3. The housing 1 can be formed from two
half shells formed from ABS plastic, and the like, and can be durable and waterproofed in construction.

Referring to FIGS. 3-4, portable detector housing be L-shaped can have a height H of approximately
24.87 centimeters(approximately 9.79 inches) along the hand grip section G to the sensor section S, and
a length L, along the sensor section S of approximately 10.322 inches, and can have an overall weight of
approximately 31 ounces. A rechargeable battery 150 with battery connector 152 can be located inside
the grip section G between a bottom body portion 151 and a top body portion 154. Exterior power cords
(not shown) can be attached to an exterior side charger port 130 to charge the battery 150. A charger
lamp 135 can light up to varying degrees to indicate when the battery 150 has been sufficiently charged.
Facing rearward from the upper sensor section S can be LED display screen 140, with power on/off
toggle switch 110 and audio on/off toggle switch 115 on the side of the sensor section S above the grip
section G. Rotatable type controls 120, 125(such as but not limited to rheostats, rotating switches and
potentiometers, and the like) on the side of sensor section S can be used to respectively adjust sensitivity
settings and zero settings of the device 1. On the outside of the device 1 can be an extendable probe 160
which will be explained later in reference to FIG. 9. Other interior components which will be described
in more detail later include circuit board 172, board bracket 174 for mounting the circuit board 174, air
pump 180, optical bench 185, sample in tube 192, sample out tube 194 and strain relief 195.

FIG. 5 shows a block diagram of the operational components used in the detector of FIGS. 3-4. FIG. 5
shows a block diagram of a preferred embodiment of the Leak-Detector system. The portable Hand-
Held unit is powered by a rechargeable battery 150, such as a Nickel-Metal-Hydride pack that recharges
well even if the battery is not fully discharged. The battery 150 can directly power electronics that are
not noise sensitive, such as digital, LEDs and the audio. The analog circuitry can be powered via a
DC/DC converter 205 and filter(s) 210 to isolate any electrical noise. A low-battery detector 215 can
continuously monitors the battery voltage, and warns the user with an LED 220 whose brightness and
dimness varies when the battery 150 will soon require a recharge. With the proper selection of battery
150 and Infrared (IR) emitter 230, the emitter 230 can be driven directly from the battery 150. The
emitted IR energy 232 must pass through one or more optical filters 235 that select and optimize the IR
wavelengths that are most reactive with the species of gas that is being detected. An air pump 180 pulls
air in the direction of arrow P continuously from the probe tip 160, and through the IR reaction chamber
240. The pump 180 can be driven by a voltage regulator 182 that keeps the flow-rate independent of
battery charge, and also isolates pump electrical noise from the rest of the system.
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The probe tip 160 can be a pliable type tip formed from pliable type stainless steel spring material and
the like, having a length of between a few centimeters(few inches) and approximately 30.48 centimeters
(approximately 12 inches), and can include an enlarged air intake end 162 having a separate filter inside,
which can be used to restrict fluids and liquids from entering the probe tip 160.

Just prior to absorption by the IR Sensor 245, the IR beam 232 can pass through another optical filter
237 that is part of the IR sensor assembly. This filter can further improve IR signal to noise ratio and
helps isolate the sensor 245 from any thermal changes due to changes in probed air temperature. A third
filter 355 or window, shown in the embodiment of FIG. 8, can be attached as a "lid" to the emitter
element. This third filter 355 also improves the signal to noise ratio by increasing the in-band energy,
and by isolating the chamber 240 from air convection-currents at the emitter, which can create IR
"noise" due to handling motion.

Referring to FIG. 5, the IR sensor 245 can include an integral amplifier, such as a JFET follower inside
the sensor component. The IR sensor 245 output can be amplified first by a tuned amplifier 250 with a
band-pass peak response optimized to approximately 1 to approximately 3 Hertz. Any higher
frequencies can be rejected as electrical noise, and slower signals can be rejected as irrelevant
environmental changes. The signal next passes through a series of analog amplifiers 255 designed to
detect a possibly very small signal (small leak) from the noise of the sensor 245. In addition to greatly
increasing the system voltage gain, these amplifiers 255 can favor detection of increases in gas
concentration (i.e., dropping IR energy at the sensor 245), accumulate and temporarily hold the signal
for the subsequent electronics to process and make alarm (LED display 280(140F1G. 3) and speaker
290) decisions. A zero control 257(125FIG. 3) can be provided to set the steady-state "ready" condition.
A range switch 259(120FIG. 2) can allow the user to decrease system gain, and works independently of
the zero control, i.c., the range can be switched "on the fly" with no settling time penalty.

Referring again to FIG. 5, the analog output signal can be fed to a simple A/D digitizer 260 and a chirp
generator 270. The digitizer 260 is preferably not linear, but is somewhat exponential in response to
favor more signal perception resolution with smaller leaks, while avoiding over-running the LED
display 280 with moderate-sized leaks. For the LED display 280, Six (6) LEDs, past the green "ready"
LED, were found to provide an adequate perception of leak size, in conjunction with the range switch
259. The chirp generator 270 can modulate the tone of the audio (piezo) speaker 290 according to the
size of the leak detected. In the steady-state condition (warmed up, but not yet being used) the chirp can
be set at approximately 1 beep per second, as an easily recognized condition for the user to know the
instrument is properly zeroed and ready to use. (The IR emitter and IR sensor take about one or two
minutes to "warm up".) If the zero 257 is set too low, the detector 100 will be less sensitive to leaks, and
so the green LED will be off, and the speaker 290 will be silent. When the instrument is ready, the
digitizer 260 enables(264) the 1 Hz chirp rate. Upon detection of a small leak, the digitizer 260 can
immediately shift(264) the chirp generator 270 to a readily-noticed 2 Hz chirp rate. If the leak is larger,
the chirp rate can be increased in proportion to the size of the leak detected.

FIGS. 6 and 7 are schematics of the electronic circuitry within the novel detector and correlate to the
block diagram of FIG. 5. Starting at the lower left of FIG. 6, battery power enters at J2 and directly
powers the IR emitter and the 12 volt noncritical circuitry (e.g., digital circuits on FIG. 7). The battery
drives the air-pump through regulator U10 which sets the air-flow rate. The battery also powers the IR
sensor and analog circuitry in FIG. 6 through a dc/dc converter and LC filters on both +12 and -12 volt
rails. A valid leak signal starts at the IR sensor at J1 (upper left of FIG. 6). A band-pass amplifier is
formed by Integrated Circuit (IC) U6-A and associated components. This amplifier rejects the dc level
and drift in the sensor, as well as higher frequency noise. The signal is further amplified and detected by
IC U1-A and U1-B, and associated diodes and components. The circuit at IC U6-B provides the
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important signal "accumulator" function. R26 insures that D6 is always switched slightly "on" and ready
to pass a small signal to C14 where it is temporarily held for further processing. This allows rapid
detection of even a small leak, while accumulating more "signal” as the internally compensated IR
sensor rebounds from a stronger signal. The detected (accumulator) signal is monitored by IC U8-A
which subtracts off the dc level produced by the previous stage, provides a factory-adjustable gain at
R31, and a user-adjustable "zero" at "POT" R46. IC US-B is a follower to isolate the zero and gain
adjust stage from the range switch stage at IC U7-B. The Range switch provides the user with 3
sensitivity levels labeled at "Large," "Medium," and "Small" leaks. The final analog output is clamped
by low forward voltage diode D7 to keep the output form going much below zero volts in spite of wrong
control settings or misuse.

The final analog output is passed to the digital circuit at the upper right corner of FIG. 7. At the left side
of FIG. 7, this analog signal is compared with a non-linear resistive voltage divider via ICs U4 and U5

to provide the desired digital representation of the leak size on the LED display. D13 is a green LED that
signals proper zero setting on a warmed up instrument at a steady-state condition (prior to detecting a
leak). D12 to D4 form a bar-graph display of relative leak sizes. The sound generator consists of a chirp
(pulse) generator at U9, a tone generator (e.g., 3000 Hz, which can be built into the Piezo speaker), an
enable function, and a chirp rate shift function. The enable function is formed by Q2, which suppresses
chirp output until the green LED D13 is on. The shift function is formed by Q2 to double the chirp rate
(Jump from approximately 1 Hz to approximately 2 Hz), as soon as the smallest leak is detected. The
chirp rate is increased further with increasing analog (leak size) signal at U9 via U7-A.

Referring to FIGS. 6-7, low battery detection is provided by U4-D that compares the battery voltage
with a precision voltage reference, through a divider set to trigger at the voltage at which a 12 volt NMH
battery pack is about 90% discharged. This gives the user about 20-30 minutes warning that a recharge
is needed very soon. Of course the warning could be set for earlier or later. The battery charging
function is not represented on FIGS. 6-7. Charging can be provided through a current-sensing resistor
that allows the charge LED to dim as the battery nears full charge, even using a low-cost non-regulated
charger. The Industrial versions of the leak-detector can be very similar to FIGS. 6-7, except that the
battery and charging functions are replaced by a 12.6 volt power supply, plus a larger air-pump regulator
driving a long-life pump motor, and various "heavy duty" controls can be used.

FIG. 8 shows another optical chamber 300 that can be used with the novel detector. The signal to noise
(S/N) ratio can be improved in the leak detector with a tandem optical bandpass filter configuration.
Bandpass filter 1, 315 can pass in-band IR energy(approximately 8 to approximately 10 microns), but
absorb higher-energy photons(less than approximately 8 microns), heats up, and re-emits this energy at a
cooler temperature than the emitter. A substantial fraction of this secondary emission can be in the
approximately 8 to approximately 10 micron band, and these photons can also pass through bandpass
filter 2, 320(an approximately 8 to approximately 10 micron filter) as well. So for a given battery
consumption, more approximately 8 to approximately 10 micron energy is in the gas chamber, to
produce more signal, and less out-of-band energy gets through filter 2, 320 to contribute to noise a the
IR sensor 350. IR sensor 310 can be a pair of parallel piezo capacitor elements that are coated optical
black, Lithium Tanalate, and the like. Sample port 330, pump 340, IR chamber 305 and the other
components conform to the similar described components previously described above. An additional
filter 355 previously described can also be used.

During recent testing, the novel leak detector was able to operate in various temperature conditions
ranging from approximately 32 to approximately 104 degrees F. The battery life of the detector lasted
between approximately 4 to approximately 5 hours before needing to be recharged, and the sensor life
was measured to have a life span of up to approximately 84 months(approximately 7 years). Response
time for measuring leak contaminants such as refrigerant was within approximately 0.85 seconds of the
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time the leak detector was placed adjacent to the leak. Settings on the device allowed for at least three
different setting positions. S covers small leaks of approximately 0.1 to approximately 1 oz per year. M
covered medium leaks of approximately 0.4 to approximately 4 oz/yr. And L covered large leaks of
approximately 1.6 to approximately 16 oz/yr.

FIG. 9 shows an extra needle probe extension 460 that can be used with the novel detector 100 shown in
FIG. 3. The needle probe extension 460 can be substantially tubular in configuration with a length of
approximately 22.86 centimeters(approximately 9 inches), an outer diameter of approximately 0.3175
centimeters(approximately 1/8 of an inch) and an inside bore diameter of approximately 0.15875
centimeters (approximately 1/16 of an inch). Intake holes 467 can be set back from the end of the probe
468 to help prevent clogging. Opposite end 462 can include a threaded exterior or threaded interior
surface to threadably attach to end 162 of the probe extension with an interior filter 164 shown in FIG.
3. Probe extension 460 can be formed from a pliable and strong material such as soft brass tubing which
allows the probe extension to bend up to approximately 60 degrees without breaking apart, and allows it
to be inserted into tight and narrow spaces for leak detection applications. Additional probe extensions
up to an additional 30.48 centimeters(12 inches) can also be attached to the leak detector.

The novel detector can be used to detect various types of compounds such as gases and the like. Table 1
is a partial list of such compound materials that can be detected.

TABLE 1 Gasses 1. HCFC- Hydrogenated Chorofluro carbon compounds, such as R-22 2. HFC-
Fluorocarbon compounds, such as R-134a 3. CFC- Chorofluoro carbon compounds, such as R 12 4.
Refrigerant blends 5. Propane 6. Methane 7. Gasoline 8. Ammonia 9. Acetone 10. Benzene 11. Bromine
12. Carbon dioxide 13. Carbon Monoxide 14. Chlorine 15. Fluorine 16. Hydrogen Sulfide 17. Isobutyl
Alcohol 18. Isopropyl Ether 19. Pentane 20. Sulfur Dioxide 21. Sulfur Hexafluoride 22. Trichloroethane
23. Vinyl Acetate 24. Vinyl Bromide 25. Xylenes

Although the leak detector device is shown using a chargeable battery, the detector can easily be
operable to work off a power cord, and the like. For example, the detector device can be powered
continuously from an AC/DC supply module that plugs into 115 Vac or 230 Vac.

While the invention has been described, disclosed, illustrated and shown in various terms of certain
embodiments or modifications which it has presumed in practice, the scope of the invention is not
intended to be, nor should it be deemed to be, limited thereby and such other modifications or
embodiments as may be suggested by the teachings herein are particularly reserved especially as they
fall within the breadth and scope of the claims here appended.
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United States Patent 7,022,993
Williams, IT, et al. April 4, 2006
Infrared leak detector
Abstract

Leak detector using infrared for identifying the presence and concentration of a selected gas. For
detection, radiation from an infrared emitter penetrates the sample, which is analyzed spectrally, and
results in a wave length-specific signal being generated at the output. By controlling the optical filter,
the radiation is controlled at a selected wavelength, to ensure coverage of all selected compounds. For
refrigerants, the selected wavelength can be between approximately 8 to approximately 10 microns. This
wavelength obscures other signals, thus minimizing false alarms. The leak detector has a faster time
with no adverse impacts on the accuracy of the compound being detected. To further minimize false
alarms and to ensure that the emitter does not come in contact with the gas, an additional filter can be
used. For refrigerant compounds, the filter can block out signals below approximately 6 microns. For
detecting refrigerants, two filters can be used.

Inventors: Williams, II; William J. (Melbourne, FL), Dejong; Glenn A. (Merritt Island, FL)
Assignee: Twin Rivers Engineering, Inc. (Melbourne, FL)

Appl. No.: 10/899,182

Filed: July 26, 2004

Related U.S. Patent Documents

Application Number Filing Date Patent Number Issue Date
10138399 May., 2002 6791088
60288857 May., 2001
Current U.S. Class: 250/343 ; 73/40
Current International Class: GO01J 5/02 (20060101)
Field of Search: 250/343,345,338.5 73/40,40.7,49.1,49.2

340/605,539,632,491.6,693.5,635,363

http://patft.uspto. gov/netacgi/nph-Parser?Sect]1 =PTO2&Sect2=HITOFF &p=1&u=%2Fnet,




UniGdS$1:6:0P0wr01BIRP9AP-KRS Document 1 Filed 12/07/06 Page 24 of 39 PAG8fD 24 14

References Cited [Referenced By}

U.S. Patent Documents

4489239 December 1984 Grant et al.
4825079 April 1989 Takamatsu et al.
4958076 September 1990 Bonne et al.
5156042 October 1992 Carlin et al.
5228329 July 1993 Dennison
5264833 November 1993 Jeffers et al.
5497003 March 1996 Baliga et al.
5889199 March 1999 Wong et al.
6362741 March 2002 Hickox et al.
6509567 January 2003 Boudet et al.
6791088 September 2004 Williams et al.
2002/0007663 January 2002 Scaringe et al.
2002/0033759 March 2002 Morello
2003/0086091 May 2003 Hinnrichs et al.

Primary Examiner: Gabor; Otilia
Attorney, Agent or Firm: Steinberger; Brian S. Law Offices of Brian S. Steinberger, P.A.

Parent Case Text

This invention is a divisional application of U.S. patent application Ser. No. 10/138,399 filed May 3,
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Claims

We claim:

1. A portable handheld infrared (IR) leak detector for refrigerant gas leaks, comprising in combination: a
probe for being placed approximately 0.635 centimeters (approximately 1/4 of an inch) adjacent to a
suspected refrigerant gas leak sample that is suspected to being emitted from a single refrigerant
pressurized gas leak source; an infrared (IR) chamber attached to the probe; an air pump adjacent to the
IR chamber having a continuous sampling rate of at least approximately 100 cc/min, the air pump for
drawing the refrigerant gas leak sample into the IR chamber; a sensor adjacent to the IR chamber for
detecting whether the suspected gas leak sample is being emitted from the single refrigerant gas leak
source; and a handheld housing for supporting the probe, the chamber, the air pump and the sensor so
that the leak detector is portable and carryable in a single hand, wherein the leak detector detects a leak
in the single refrigerant pressurized gas leak source without introducing or mixing a secondary tracer
within the leak detector.

2. A portable handheld infrared (IR) leak detector for detecting gas leaks, comprising: (a) an infrared
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(IR) sampling chamber having (ai) an infrared (IR) emitter for emitting IR energy; (aii) a first filter for
blocking IR energy from approximately 6 microns down through the sampling chamber; (aiii) a second
filter for allowing a selected IR energy range of approximately 8 to approximately 10 microns to pass
through the sampling chamber; (aiv) a sensor for detecting resultant IR energy from the first filter and
the second filter; and (b) a pump for pulling a sample gas from a single suspected gas leak that emanates
from a single pressurized gas source through the sampling chamber; (c) a detector-sensor for detecting
presence of selected gas constituents in the suspected gas leak from the sensor; and (d) a handheld
housing for supporting the chamber, the pump and the detector-sensor, so that the leak detector is
portable and is carryable in a single hand, wherein the leak detector detects if a leak exists in the single
pressurized gas source without introducing or mixing a secondary tracer within the leak detector.

3. The leak detector of claim 2, wherein the gas leak includes refrigerants selected from at least one of:
(HFC) Hydrogenated Fluorocarbon compounds, (HCFC) Hydrogenated Chorofluro Fluorocarbon
compounds, and (CFC) Chorofluro carbon compounds.

4. A portable handheld infrared (IR) leak detector, comprising in combination: an elongated
continuously cylindrical and detachable tubular needle probe extension attached to a housing for
allowing the detector to take a gas sample that is being leaked from a single pressurized gas source
located in tight spaces, the needle probe extension having an inlet opening adjacent to and not at a tip
end of the needle probe extension; an infrared (IR) chamber having an IR emitter and sensor in the
housing; and a pump in the housing for drawing the gas sample into the IR chamber, wherein the
detector detects from the IR sensor whether a selected gas compound from the selected sample in the
chamber constitutes a gas leak from the single pressurized gas source, and wherein the probe extension
is attached to the housing and the housing is for supporting the chamber and the pump, the housing
being portable and carryable in a single hand, wherein the detector detects a leak in the single
pressurized gas source without introducing or mixing a secondary tracer within the detector.

5. A portable handheld infrared (IR) leak detector, comprising in combination: an inlet port attached to a
housing for allowing the detector to take a gas sample that is being leaked from a gas source; a gold
plated and plastic infrared (IR) optical chamber in the housing having an IR emitter and sensor; and a
pump for drawing the gas sample into the IR chamber, wherein the IR sensor detects whether a selected
gas compound from the selected sample in the chamber constitutes a gas leak, the housing for
supporting the chamber and the pump, the housing is portable and is carryable in a single hand, wherein
the leak detector detects whether there is a leak from the gas source without introducing or mixing a
secondary tracer within the leak detector.

6. A portable handheld infrared (IR) gas leak detector, comprising in combination: an inlet port attached
to a housing for allowing the detector to take a gas sample that is being leaked from a gas source; an
infrared (IR) optical chamber in the housing having an IR emitter and sensor, wherein the IR sensor
detects whether a selected gas compound from the selected sample in the chamber constitutes a gas leak;
and an audio output to the detector for emitting an audio signal from a detected leak, the audio output
having a zero control setting having a substantially constant approximately 1 Hz chirp signal, the audio
output digitally shifting to a 2 Hz chirp rate upon detection of the gas leak, and the audio output
increasing the chirp rate above approximately 2 Hz in proportion to size of the gas leak being detected,
the inlet port attached to the housing, and the housing for supporting the chamber and the audio output,
the housing being portable and carryable in a single hand, wherein the leak detector detects if the gas
leak exists without introducing or mixing a secondary tracer within the leak detector.

7. A portable handheld infrared (IR) gas leak detector, comprising in combination: an inlet port attached

to a housing for allowing the detector to take a gas sample that is being leaked from a gas source; an
infrared (IR) optical chamber in the housing having an IR emitter and sensor, wherein the IR sensor
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detects whether a selected gas compound from the selected sample in the chamber constitutes a gas leak;
a signal detection accumulator in the detector with a forward biased detector circuit; and a zero circuit in
the detector referenced to approximately a circuit ground instead of referenced between supply rails, the
housing for supporting the attached inlet port, the chamber, the accumulator and the zero circuit, the leak
detector being portable and carryable in a single hand, wherein the detector detects presence of the gas
leak without introducing or mixing a secondary tracer within the leak detector.

8. A portable handheld infrared (IR) gas leak detector, comprising: an infrared (IR) chamber; a port to
draw a gas sample from a gas leak emission into the chamber; a sensor for detecting a compound from
the sample in the chamber; and a handheld housing for supporting the chamber, the port and the sensor;
and an alarm for indicating when a gas leak has been detected by the detector, the alarm being supported
by the housing, the leak detector being portable and carryable in a single hand, wherein leak detector
detects presence of a gas leak from the gas leak emission without introducing or mixing a secondary
tracer within the leak detector.

Description

FIELD OF INVENTION

This invention relates to gas leak detection and in particular to methods and devices using infrared
optical chambers with circuits in a portable gas leak detector.

BACKGROUND AND PRIOR ART

Leak detectors have been used for many applications which include detecting the concentration of
specific types of gases. However, using the detector to analyze certain types of gases such as
refrigerants, and the like, raises safety and environmental concerns. For example, a leak detector can be
designed to detect the concentration of refrigerant gas in surrounding ambient air. This application is
important, as leaking refrigerant gas can pose a threat to both health and the environment. As used
herein, the term gas refers to any gaseous matter and may refer to, e.g., a combination of elemental
gasses, and e.g., (ambient atmospheric gas "air").

Previous portable leak detection equipment use Heated Diodes, Negative Corona Discharge, and other
techniques. However, problems existed with these technologies. For example, short sensor life and false
alarms have been usual problematic results.

Although infrared technology has existed for many years, infrared technology has not been previously
used for leak detection applications for many reasons. For example, manufacturing costs would have
made the use of infrared technology too expensive to be used as a leak detector.

A "closed path" type refrigerant monitor has been previously proposed for passing a modulated light
beam through a gas to be analyzed and then to an optical detector, all within a closed optical chamber.
The detected light is analyzed to provide information about the gas (for example, concentration). The
detected light energy may be bandwidth limited such that a specific range of wavelengths is detected to
facilitate analysis of particular gasses. However, there are known problems with the "closed path”
monitors. For example, analysis is complicated by very little light energy being absorbed by low gas
concentrations, substantial low frequency noise present in the analysis system and optical losses
associated with typical optical pathways.
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As one solution, modulation of the light beam has been performed at relatively high frequencies such
that a reasonably large signal-to-noise ratio is maintained in the detected signal. However, there are
problems with these solutions. Broadband light sources use a filament to produce spectral emission and
accordingly, electronic modulation thereof at high frequencies is impractical. The filaments require too
much time to heat up and cool down for high-frequency modulation. Therefore, mechanical choppers
have been used to provide high-frequency modulation of the optical source. Unfortunately, mechanical
choppers consume significant energy, decrease instrument reliability and increase the complexity, size
and weight of instruments that they are incorporated within.

Other closed path instruments have operated without a mechanical chopper by using more powerful
sources, more sensitive detectors and/or long optical paths (to facilitate increased spectral absorption by
the gas analyzed) so that a somewhat lower infrared modulation frequency operation may then become
possible. However, these solutions increase the size, cost and/or weight of the instruments to which they
are applied.

To date there is no known type of leak detector that operates within a one second or less response time,
is portable and battery powered and eliminates the problems described above with the prior art.

SUMMARY OF THE INVENTION

A primary objective of the invention is to provide an infrared leak detector that can be both portable and
battery powered.

A secondary objective of the invention is to provide an infrared leak detector that can both portable and
electrical cord powered.

A third objective of the invention is to provide an infrared leak detector that can operate within a one
second or less response time.

A fourth objective of the invention is to provide an infrared leak detector having a long sensor life that
does not become easily degraded by exposure to large leaks or other reactive gases.

A fifth objective of the invention is to provide an infrared leak detector having accurate sensitivity and
accurate selectivity with substantially no false readings.

A preferred embodiment of the hand-held (portable) leak-detector uses Infrared technology to sense
when the probe passes a leak. The detector can include an infrared (IR) chamber, an air pump to draw an
air type sample such as refrigerant gas into the chamber, a pyroelectric sensor for detecting a selected
compound from the sample in the chamber wherein all the components are supported within a portable
housing that can be supported in a single hand of a user. The air pump can have a flow rate of
approximately 500 cc/min to allow for sampling and finding a small leak without needing for the device
to be within approximately 0.635 centimeters (approximately 1/4 inch) of the leak source.

The IR chamber can include an IR emitter for emitting an IR beam, an IR filter in the path of the beam,
an IR (pyroelectric) detector such as back to back piezo capacitors, Lithium Tanalate, and the like for
receiving the emitted beam and a reaction tube where the air sample interacts with the IR beam.

The IR-based leak-detection does not attempt to generate or process a signal proportional to the actual
level or concentration of Refrigerant in the probe air stream, but instead maintains a zero signal for any
constant level of Refrigerant in the air, i.e., that is not frustrated by background levels of Refrigerant that
may have built up, which thus allows more sensitivity to a small leak. The IR beam used in the detector
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is NOT chopped or pulsed to generate a continuous signal at the detector.

The lack of IR pulsing results in a lack of signal when the air sample is clean (i.e., no gas of interest to
detect. On the other hand, the detector and electronics is designed to settle to a d/c equilibrium voltage
(which is the same as the zero level set by the user), whenever there is any constant level of Refrigerant.
In other words, the instrument is designed to NOT detect a constant level of Refrigerant. Therefore a
signal is generated only when there is an increase in the Refrigerant concentration that changes (rapidly)
within the time frame the instrument is designed to detect. The time frame for detecting change is in the
order of one second for typical leak detectors, which is a typical time that the sampling probe is moved
across a few inches of piping and fittings. This time frame also correlates with a significant amount of
air from the leak source entering the chamber, at the approximate 500 cc/min flow rate. The instrument
detects the increase in concentration associated with approaching a leak, but ignores the background
concentration of Refrigerant that may have built up in a room over longer periods of time (minutes and
hours). Additional favorable byproducts of this non-pulsed approach is (1) the elimination of mechanical
and or electrical devices to perform the chopping, (2) the battery consumption and (3) the cost of these
devices, and (4) elimination of the noise associated with and generated by chopping or pulsing the
emitter IR beam, including noise from the imperfections or variations in the chopping, and the noise
associated with a significant non-zero signal level.

The device eliminates the extra signal processing required to determine a leak condition by comparing
many actual measured levels of concentration. The invention produces a signal only and directly from
the sudden rise in concentration at a leak, and avoids processing a continuous measurement signal.

The accumulator within the detector is used as a type of peak-detector and can include a resistor R26
that pulls the op-amp's inverting input low, from a nearly constant current sinked to Vee that must be
supplied from the amplifier. This therefore keeps the amplifier and diode in an active positive (forward)
mode. There are several non-obvious, but important benefits to this accumulator. First, the amplifier is
not allowed to operate near zero, where the output diode could turn off, and allow the amplifier to swing
negative, causing instability and noise. This forced active-forward mode allows the leak detector to
function without a pulsed emitter, and with great sensitivity. (IR systems with pulsed emitters do not
face this instability issue, since there is always a signal being generated from the chopped IR at the
detector.) The accumulator's output signal decays at a rate determined by C14 and (mostly) R28. This
time constant is designed to provide the user with an attention-getting response from even a very small
leak.

Another benefit of the forward-active accumulator is that the zero control always operates slightly
positive, for any variations in manufacturing and operation, so it can reference (quiet) ground, rather
than (far) between Vee and Vcce. This can allow a more precise and stable zeroing, and provides faster
zero setting, due to the relatively low resistance to ground.

The Emitter chamber in the detector can be shaped to maximize direction of the IR down the tube (vs.
absorption by the wires, header, etc., while at the same time directing the majority of the radiation, that
is not initially aligned with the IR tube, to travel down the tube at large angles, with many bounces off
the tube surface, so that the optical length is greatly increased. A longer optical length can increase the
probability that the IR radiation will interact with a molecule of the gas being detected. This in turn, can
increase the signal strength, and decreases the minimum concentration that can be detected.

The detector sensor can be a pyroelectric device that has, in a preferred implementation, matched back-
to-back crystals of, for example, Lithium Tantalite. The output of the 2 crystals can tend to cancel each
other when at equilibrium, but produce an electrical voltage when the outer element is heated by
exposure to IR radiation.
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The output of these 2 parallel detectors can be buffered by a JFET. An IR optical filter is just in front of
the IR detector, to allow the detector to only "see" the narrow band wavelengths selected for maximum,
unique interaction with the Refrigerant. An optical filter is typically placed in the beam-line before the
IR interaction tube, to eliminate both large and small wavelength radiation from entering the gas
interaction area. This eliminates the chance for this excess energy, out of the band of interest, to interact
with foreign gases (e.g., water vapor, CO2) such that re-emission into the band of interest can create
noise and false signals.

The air pumps, an electrically noise component, can be isolated from the rest of the device by an IC
voltage regulator with filter capacitors on both sides. The sensitive analog circuitry can be powered by a
regulated DC/DC converter, with an additional LC filter at both outputs.

The whole leak detector can be powered for several hours from a rechargeable battery, or can be
powered continuously from an AC/DC supply module that plugs into 115 Vac or 230 Vac.

Many other types of gases other than refrigerant gas R134a can be detected with the detector. And an
extendable bendable probe extension can be used.

Further objects and advantages of this invention will be apparent from the following detailed description
of a presently preferred embodiment which is illustrated schematically in the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a cross-sectional view of an optical chamber with a maize-like folded path that can be used
with the subject invention.

FIG. 2 is a cross-sectional view of another optical chamber that can be used with the subject invention
having a bent path.

FIG. 3 shows an exterior perspective view of the novel portable detector housing.

FIG. 4 shows a cross-sectional interior view of the detector housing of FIG. 3.

FIG. 5 shows a block diagram of the operational components used in the detector of FIGS. 3 4.

FIGS. 6a, 6b, 6¢c and 7a and 7b are schematics of the electronic circuitry within the novel detector.

FIG. 8 shows another optical chamber that can be used with the novel detector.

FIG. 9 shows a needle probe extension that can be used with the novel detector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before explaining the disclosed embodiments of the present invention in detail it is to be understood that
the invention is not limited in its application to the details of the particular arrangement shown since the
invention is capable of other embodiments. Also, the terminology used herein is for the purpose of

description and not of limitation.

For the invention, "air" can refer to a gaseous sample that may or may not contain any molecules of
interest to the user. "Refrigerant” can refer to molecules of the gas with is of interest to the user, i.e., to
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be detected, but could in some applications be other refrigerants or other compounds of interest such as
Methane, gasoline, and the like.

The novel leak detector can be comprised of an infrared (IR) chamber, an air pump to draw in a sample,
and electronics to process the signal. The IR chamber can contain an IR emitter, IR filters, an IR sensor,
and a reaction tube where the sample air interacts with the IR beam.

FIG. 1 is a cross-sectional view of an optical chamber with a maize-like folded path to accomplish long-
path behavior in a compact chamber that can be used with the subject invention. FIG. 2 is a cross-
sectional view of a bent optical chamber that can be used with the subject invention which can optimize
long IR path length behavior by setting an optimum number of reflections by the optimized bend angle.
The preferred embodiment of the chamber can be a gold plated chamber. A typical ray trace is shown in
FIG. 2.

The portable gas leak detector of the invention can use an optical chamber to efficiently couple infrared
(IR) energy from an optical source to an optical sensor, while maximizing IR interaction with the sample
material gas. There are several optical chambers that can be used. FIGS. 1 2 are examples of optical
chambers that can be used with the novel portable detector of the subject invention. FIG. 2 shows a bent
chamber which can optimize long IR path length behavior by setting an optimum number of reflections
by the optimized bend angle. FIG. 2 shows an optical chamber which can use a maize-like folded path to
accomplish long-path behavior in a compact chamber. Both FIGS. 1 and 2 can allow the volume to be
minimized to improve response and recovery times, and retain linear flow of the gas to improve gas
clearing time. A description of the components will now be described. Component 11 refers to
hemispherical shape, 26 is a first filter, 43 is the infrared (IR) emitter, 23 is the sample air intake port, 25
is the gold plated housing. 28 refers to a fastener such as a screw, and the like. 19 refers to surface for
holding the detector in place. 17 refers to the cone shape for directing IR energy. 21 refers to surface for
holding the IR emitter. 28 refers to the screw hole for assemblying the housing together. 27 refers to the
sample gas outlet to the pump (shown in FIG. 5). 29 refers to plastic housing. 41 refers to IR emitter. 43
refers to seal for emitter. 47 refers to the pyroelectric IR sensor. 49 refers to the seal for the sensor 47.

Referring to FIGS. 1 2, IR energy passes through the hemispherical shape 11 and is directed through
thrombone shape into chamber passing through the first filter 26 that blocks energy from approximately
6 microns down. The energy continues through the chamber and is absorbed by sample gas coming from
inlet 27 continuing through the chamber through the cone shape directing into the sensor 47. The sensor
can be fitted with a bandpath filter having a narrow bandwidth of approximately 8.48 to approximately
9.9 microns that allows energy to pass into the sensor 47 which can pass onto a personal computer for
later processing and display, as needed. An airpump (180 shown in FIG. 5) can pull air out of outlet port
27.

The IR emitter can be a resistive metal element that is heated via an electrical current to a temperature
where its gray- or black-body radiation is maximized at the band of wavelengths where there is
significant and unique interaction with the gas molecules being detected. Although not essential to the
operation of IR-based-detection, an emitter with a positive temperature coefficient of resistance
improves the performance of a battery-powered instrument. With battery voltage typically varying by
approximately 20% or more from fully charged to almost discharged, the power consumed, temperature,
and emission spectrum for a positive temp-co emitter will vary considerably less than approximately
20%. A thin platinum film on a silicon/silicon oxide, or an alumina surface is an example of a positive
tempco resistance, whereas a NiCr resistively heated emitter generally has a small tempco, and so is
more suited to an instrument powered from a regulated ac/dc power supply.

The IR can travel down a tube or beam-line where the air sample is drawn in to interact with the IR
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beam. This tube can be plated with a material that is highly reflective, such as gold and the like, in order
to conserve the signal from loss through absorption by the tube walls. The emitter end of the tube can be
a chamber shape to insure that most of the emitted IR gets directed down the interaction tube.

One improvement for hand-held leak detectors is to construct the IR chamber such that the emitter end is
not aimed down the interaction tube, but instead is aimed at a sharp bend in the chamber that forces most
of the IR energy to reflect of the walls of the interaction tube many times before reaching the detector.
The zigzag path from the repeated reflections can create a longer IR path length, and increase the
probability of absorption by a low concentration of Refrigerant, and thus increase signal strength and
sensitivity to smaller concentrations. Any method to increase the effective IR path-length can be
important to a portable leak-detector, where space is confined.

The IR detector can include an optical filter "window" that is designed to only allow access to IR
wavelengths that interact (get absorbed) strongly with the molecule being detected (e.g., Refrigerant).
These wavelengths can be called "in-band."

An important feature to the hand-held leak-detector can be a second optical filter. Just prior to the entry
point of the air being sampled, the IR beam can pass though an optical filter designed to remove as
much "out-of-band" energy as possible, so the remaining IR beam is predominately of wavelengths that
interact strongly with the gas of interest. This increases the signal-to-noise ratio of the system, and
decreases the likelihood of false readings. Since most of the emitted blackbody radiation energy is
typically out-of-band, the filter on the detector element would block it. However this excess energy, if
absorbed at the detector filter, causes unwanted heating of the detector, which in itself increases the
noise floor of the detector. In addition, some of the out-of-band spectrum can be absorbed with
compounds (water-vapor, carbon-dioxide, gasoline vapor, and the like) in the incoming air, and
potentially be re-radiated in-band. Any significant variation in these extraneous compounds can cause
variations in the energy seen by the detector, and can cause a false response.

The sensor/detector can be a pyroelectric element. A version employed in this leak detector can include
a pair of back-to-back piezo capacitor elements. The pair can be configured to cancel any direct
temperature effects that they both experience. Only one element can be exposed to the incoming IR
energy. If the IR energy changes (decreases due to absorption by Refrigerant molecules), the slight
cooling changes the stress in the element, which changes the electrical potential on the element (pair),
which in turn gets amplified by the integral JFET amplifier. The output voltage change on the JFET is
then processed to interpret the signal.

An air pump can be used to pull the air sample from the probe tip and through the IR chamber. The
pump can be supplied from the battery though a voltage regulator and filter, which provides a more
steady air flow, and prevents electrical noise from entering the detector electronics.

The signal from the detector JFET can be processed first by an ac-amplifier that is designed to block the
dc level of the detector (which can vary widely), and pass only the differential of the detector output
voltage, with a time constant tuned to the reaction of the detector, the delta-time of passing a leak, and
the time to fill the IR chamber with an incoming air sample (this is a band-pass on the order of one Hz.)

The differential signal can then be amplified and passed to an accumulator, which consists of a small-
signal rectifier and integrator with a bleed-back time constant of a few seconds. This can allows a
fleeting signal from a very small leak to be held long enough to be processed by subsequent electronics,
and then expressed to the user with visual and/or audio alerts long enough to get his/her attention.

The signal from the accumulator goes to another amplifier that provides the user with a zero control to
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null out any dc drift anywhere in the system, so that the electronics can be tuned to maximum
sensitivity. The signal is then passed through a buffer and to a range-control amplifier designed to allow
range changes with minimal upset to signal levels. The range control typically provides a 1.times.,

4 times., and 16.times. increase in output sensitivity (L, M, S range) to the audio/visual electronics. A
clamp is provided to prevent large negative voltages from rebound due to very large signals, or due to
the operator inadvertently setting the zero control too far the wrong way.

The above analog signal can then be presented to a simple digitizer that turns on LEDs in a bar-graph
configuration. A single on-LED (such as a green light) shows the operator that the electronics is
correctly zeroed, and ready for use. The larger the leak/signal, more LEDs light up. The digitizer ladder
has an exponential response to increase the resolution of more interesting signals, i.e. smaller leaks.

The analog signal can be processed uniquely in several ways at the audio VCO. First, a chirp rate of
approximately 1 Hertz occurs when the electronics is correctly zeroed. If the zero is even slightly too
high, the chirp rate immediately jumps to approximately 2 Hertz. If the zero control is too low, the chirp
is completely suppressed. When a signal (Refrigerant) is detected, the chirp rate increases in proportion
to the leak size. If the leak is very large, the chirp turns into a loud steady tone of approximately 3000
Hertz. Even the smallest leak detectable will cause the chirp rate to increase to a minimum of
approximately 2 Hertz, which easily catches the attention of the operator. The audio therefore is
designed to allow full operation of the leak-detector with the operators eyes fixed on the probe tip, rather
than the instruments display.

A low battery warning LED can be provided. Using a precision reference and a voltage divider tailored
to the specific type of battery used (e.g., Nickel-Metal-Hydride), the LED is set to go on to warn the
operator that approximately 80% of the battery's charge 1s depleted, so that he/she is more likely to get
the unit recharged while convenient, and to avoid deep discharges that can affect the overall life of the
NMH battery.

The controls for the device can be a Power-on, audio enable, zero, and range. A charging status LED can
be activated when the battery charger supply is plugged into the leak detector. The charging circuit
lights this LED brightly when the battery is low, and then dims the LED as the battery nears fill charge.

Note that the above description of the electronics details some specific circuit elements used in one
preferred embodiment. The invention can be broader than those specifics. For example, as detailed
above, the detector output goes to an ac amplifier with a band-pass of approximately 1 Hz. Since no
continuous signal is generated, and the IR emitter is not pulsed, the function of this ac amplifier is to
produce a signal that represents a change in the dc level from the detector.

Other electronics can do this function as well: taking this differential can be done digitally as well as in
analog. For example, another embodiment could be as follows: a minimum amount of analog
amplification of the detector, and then an A/D converter, followed by digital processing to determine
signal speed and amplitude, and then to generate an output signal that holds and decays at a rate that
provides maximum indication to the human user. The functionality could also be done with an analog
switched-signal or sampling mode.

FIG. 3 shows an exterior perspective view of the novel portable detector housing 1. FIG. 4 shows a
cross-sectional interior view of the detector housing 1 of FIG. 3. The housing 1 can be formed from two
half shells formed from ABS plastic, and the like, and can be durable and waterproofed in construction.

Referring to FIGS. 3 4, portable detector housing be L-shaped can have a height H of approximately
24.87 centimeters (approximately 9.79 inches) along the hand grip section G to the sensor section S, and
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a length L, along the sensor section S of approximately 10.322 inches, and can have an overall weight of
approximately 31 ounces. A rechargeable battery 150 with battery connector 152 can be located inside
the grip section G between a bottom body portion 151 and a top body portion 154. Exterior power cords
(not shown) can be attached to an exterior side charger port 130 to charge the battery 150. A charger
lamp 135 can light up to varying degrees to indicate when the battery 150 has been sufficiently charged.
Facing rearward from the upper sensor section S can be LED display screen 140, with power on/off
toggle switch 110 and audio on/off toggle switch 115 on the side of the sensor section S above the grip
section G. Rotatable type controls 120, 125 (such as but not limited to rheostats, rotating switches and
potentiometers, and the like) on the side of sensor section S can be used to respectively adjust sensitivity
settings and zero settings of the device 1. On the outside of the device 1 can be an extendable probe 160
which will be explained later in reference to FIG. 9. Other interior components which will be described
in more detail later include circuit board 172, board bracket 174 for mounting the circuit board 174, air
pump 180, optical bench 185, sample in tube 192, sample out tube 194 and strain relief 195.

FIG. 5 shows a block diagram of the operational components used in the detector of FIGS. 3 4. FIG. 5
shows a block diagram of a preferred embodiment of the Leak-Detector system. The portable Hand-
Held unit is powered by a rechargeable battery 150, such as a Nickel-Metal-Hydride pack that recharges
well even if the battery is not fully discharged. The battery 150 can directly power electronics that are
not noise sensitive, such as digital, LEDs and the audio. The analog circuitry can be powered via a
DC/DC converter 205 and filter(s) 210 to isolate any electrical noise. A low-battery detector 215 can
continuously monitors the battery voltage, and warns the user with an LED 220 whose brightness and
dimness varies when the battery 150 will soon require a recharge. With the proper selection of battery
150 and Infrared (IR) emitter 230, the emitter 230 can be driven directly from the battery 150. The
emitted IR energy 232 must pass through one or more optical filters 235 that select and optimize the IR
wavelengths that are most reactive with the species of gas that is being detected. An air pump 180 pulls
air in the direction of arrow P continuously from the probe tip 160, and through the IR reaction chamber
240. The pump 180 can be driven by a voltage regulator 182 that keeps the flow-rate independent of
battery charge, and also isolates pump electrical noise from the rest of the system.

The probe tip 160 can be a pliable type tip formed from pliable type stainless steel spring material and
the like, having a length of between a few centimeters (few inches) and approximately 30.48 centimeters
(approximately 12 inches), and can include an enlarged air intake end 162 having a separate filter inside,
which can be used to restrict fluids and liquids from entering the probe tip 160.

Just prior to absorption by the IR Sensor 245, the IR beam 232 can pass through another optical filter
237 that is part of the IR sensor assembly. This filter can further improve IR signal to noise ratio and
helps isolate the sensor 245 from any thermal changes due to changes in probed air temperature. A third
filter 355 or window, shown in the embodiment of FIG. 8, can be attached as a "lid" to the emitter
element. This third filter 355 also improves the signal to noise ratio by increasing the in-band energy,
and by isolating the chamber 240 from air convection-currents at the emitter, which can create IR
"noise" due to handling motion.

Referring to FIG. 5, the IR sensor 245 can include an integral amplifier, such as a JFET follower inside
the sensor component. The IR sensor 245 output can be amplified first by a tuned amplifier 250 with a
band-pass peak response optimized to approximately 1 to approximately 3 Hertz. Any higher
frequencies can be rejected as electrical noise, and slower signals can be rejected as irrelevant
environmental changes. The signal next passes through a series of analog amplifiers 255 designed to
detect a possibly very small signal (small leak) from the noise of the sensor 245. In addition to greatly
increasing the system voltage gain, these amplifiers 255 can favor detection of increases in gas
concentration (i.e., dropping IR energy at the sensor 245), accumulate and temporarily hold the signal
for the subsequent electronics to process and make alarm (LED display 280(140 FIG. 3) and speaker

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnet... 11/8/2006



Unitegs8tatersbaten §98282P-KRS Document 1 Filed 12/07/06 Page 34 of 39 PBegabZef 14

290) decisions. A zero control 257(125 FIG. 3) can be provided to set the steady-state "ready" condition.
A range switch 259(120 FIG. 2) can allow the user to decrease system gain, and works independently of
the zero control, i.e., the range can be switched "on the fly" with no settling time penalty.

Referring again to FIG. 5, the analog output signal can be fed to a simple A/D digitizer 260 and a chirp
generator 270. The digitizer 260 is preferably not linear, but is somewhat exponential in response to
favor more signal perception resolution with smaller leaks, while avoiding over-running the LED
display 280 with moderate-sized leaks. For the LED display 280, Six (6) LEDs, past the green "ready"
LED, were found to provide an adequate perception of leak size, in conjunction with the range switch
259. The chirp generator 270 can modulate the tone of the audio (piezo) speaker 290 according to the
size of the leak detected. In the steady-state condition (warmed up, but not yet being used) the chirp can
be set at approximately 1 beep per second, as an easily recognized condition for the user to know the
instrument is properly zeroed and ready to use. (The IR emitter and IR sensor take about one or two
minutes to "warm up".) If the zero 257 is set too low, the detector 100 will be less sensitive to leaks, and
so the green LED will be off, and the speaker 290 will be silent. When the instrument is ready, the
digitizer 260 enables (264) the 1 Hz chirp rate. Upon detection of a small leak, the digitizer 260 can
immediately shift (264) the chirp generator 270 to a readily-noticed 2 Hz chirp rate. If the leak is larger,
the chirp rate can be increased in proportion to the size of the leak detected.

FIGS. 6 and 7 are schematics of the electronic circuitry within the novel detector and correlate to the
block diagram of FIG. 5. Starting at the lower left of FIG. 6, battery power enters at J2 and directly
powers the IR emitter and the 12 volt noncritical circuitry (e.g., digital circuits on FIG. 7). The battery
drives the air-pump through regulator U10 which sets the air-flow rate. The battery also powers the IR
sensor and analog circuitry in FIG. 6 through a dc/dc converter and LC filters on both +12 and -12 volt
rails. A valid leak signal starts at the IR sensor at J1 (upper left of FIG. 6). A band-pass amplifier is
formed by Integrated Circuit (IC) U6-A and associated components. This amplifier rejects the dc level
and drift in the sensor, as well as higher frequency noise. The signal is further amplified and detected by
IC U1-A and U1-B, and associated diodes and components. The circuit at IC U6-B provides the
important signal "accumulator" function. R26 insures that D6 is always switched slightly "on" and ready
to pass a small signal to C14 where it is temporarily held for further processing. This allows rapid
detection of even a small leak, while accumulating more "signal" as the internally compensated IR
sensor rebounds from a stronger signal. The detected (accumulator) signal is monitored by IC U8-A
which subtracts off the dc level produced by the previous stage, provides a factory-adjustable gain at
R31, and a user-adjustable "zero" at "POT" R46. IC U8-B is a follower to isolate the zero and gain
adjust stage from the range switch stage at IC U7-B. The Range switch provides the user with 3
sensitivity levels labeled at "Large," "Medium," and "Small" leaks. The final analog output is clamped
by low forward voltage diode D7 to keep the output form going much below zero volts in spite of wrong
control settings or misuse.

The final analog output is passed to the digital circuit at the upper right corner of FIG. 7. At the left side
of FIG. 7, this analog signal is compared with a non-linear resistive voltage divider via ICs U4 and U5
to provide the desired digital representation of the leak size on the LED display. D13 is a green LED that
signals proper zero setting on a warmed up instrument at a steady-state condition (prior to detecting a
leak). D12 to D4 form a bar-graph display of relative leak sizes. The sound generator consists of a chirp
(pulse) generator at U9, a tone generator (e.g., 3000 Hz, which can be built into the Piezo speaker), an
enable function, and a chirp rate shift function. The enable function is formed by Q2, which suppresses
chirp output until the green LED D13 is on. The shift function is formed by Q2 to double the chirp rate
(jump from approximately 1 Hz to approximately 2 Hz), as soon as the smallest leak is detected. The
chirp rate is increased further with increasing analog (leak size) signal at U9 via U7-A.

Referring to FIGS. 6 7, low battery detection is provided by U4-D that compares the battery voltage
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with a precision voltage reference, through a divider set to trigger at the voltage at which a 12 volt NMH
battery pack is about 90% discharged. This gives the user about 20 30 minutes warning that a recharge is
needed very soon. Of course the warning could be set for earlier or later. The battery charging function
is not represented on FIGS. 6 7. Charging can be provided through a current-sensing resistor that allows
the charge LED to dim as the battery nears full charge, even using a low-cost non-regulated charger. The
Industrial versions of the leak-detector can be very similar to FIGS. 6 7, except that the battery and
charging functions are replaced by a 12.6 volt power supply, plus a larger air-pump regulator driving a
long-life pump motor, and various "heavy duty" controls can be used.

FIG. 8 shows another optical chamber 300 that can be used with the novel detector. The signal to noise
(S/N) ratio can be improved in the leak detector with a tandem optical bandpass filter configuration.
Bandpass filter 1, 315 can pass in-band IR energy (approximately 8 to approximately 10 microns), but
absorb higher-energy photons (less than approximately 8 microns), heats up, and re-emits this energy at
a cooler temperature than the emitter. A substantial fraction of this secondary emission can be in the
approximately 8 to approximately 10 micron band, and these photons can also pass through bandpass
filter 2, 320 (an approximately 8 to approximately 10 micron filter) as well. So for a given battery
consumption, more approximately 8 to approximately 10 micron energy is in the gas chamber, to
produce more signal, and less out-of-band energy gets through filter 2, 320 to contribute to noise a the
IR sensor 350. IR sensor 310 can be a pair of parallel piezo capacitor elements that are coated optical
black, Lithium Tanalate, and the like. Sample port 330, pump 340, IR chamber 305 and the other
components conform to the similar described components previously described above. An additional
filter 355 previously described can also be used.

During recent testing, the novel leak detector was able to operate in various temperature conditions
ranging from approximately 32 to approximately 104 degrees F. The battery life of the detector lasted
between approximately 4 to approximately 5 hours before needing to be recharged, and the sensor life
was measured to have a life span of up to approximately 84 months (approximately 7 years). Response
time for measuring leak contaminants such as refrigerant was within approximately 0.85 seconds of the
time the leak detector was placed adjacent to the leak. Settings on the device allowed for at least three
different setting positions. S covers small leaks of approximately 0.1 to approximately 1 oz per year. M
covered medium leaks of approximately 0.4 to approximately 4 oz/yr. And L covered large leaks of
approximately 1.6 to approximately 16 oz/yr.

FIG. 9 shows an extra needle probe extension 460 that can be used with the novel detector 100 shown in
FIG. 3. The needle probe extension 460 can be substantially tubular in configuration with a length of
approximately 22.86 centimeters (approximately 9 inches), an outer diameter of approximately 0.3175
centimeters (approximately 1/8 of an inch) and an inside bore diameter of approximately 0.15875
centimeters (approximately 1/16 of an inch). Intake holes 467 can be set back from the end of the probe
468 to help prevent clogging. Opposite end 462 can include a threaded exterior or threaded interior
surface to threadably attach to end 162 of the probe extension with an interior filter 164 shown in FIG.
3. Probe extension 460 can be formed from a pliable and strong material such as soft brass tubing which
allows the probe extension to bend up to approximately 60 degrees without breaking apart, and allows it
to be inserted into tight and narrow spaces for leak detection applications. Additional probe extensions
up to an additional 30.48 centimeters (12 inches) can also be attached to the leak detector.

The novel detector can be used to detect various types of compounds such as gases and the like. Table 1
is a partial list of such compound materials that can be detected.

TABLE-US-00001 TABLE 1 Gasses 1. HCFC--Hydrogenated Chorofluro carbon compounds, such as

R-22 2. HFC--Fluorocarbon compounds, such as R-134a 3. CFC--Chorofluoro carbon compounds, such
as R 12 4. Refrigerant blends 5. Propane 6. Methane 7. Gasoline 8. Ammonia 9. Acetone 10. Benzene
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11. Bromine 12. Carbon dioxide 13. Carbon Monoxide 14. Chlorine 15. Fluorine 16. Hydrogen Sulfide
17. Isobutyl Alcohol 18. Isopropyl Ether 19. Pentane 20. Sulfur Dioxide 21. Sulfur Hexafluoride 22.
Trichloroethane 23. Vinyl Acetate 24. Vinyl Bromide 25. Xylenes

Although the leak detector device is shown using a chargeable battery, the detector can easily be
operable to work off a power cord, and the like. For example, the detector device can be powered
continuously from an AC/DC supply module that plugs into 115 Vac or 230 Vac.

While the invention has been described, disclosed, illustrated and shown in various terms of certain
embodiments or modifications which it has presumed in practice, the scope of the invention is not
intended to be, nor should it be deemed to be, limited thereby and such other modifications or
embodiments as may be suggested by the teachings herein are particularly reserved especially as they
fall within the breadth and scope of the claims here appended.
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D-TEK" Select

Refrigerant Leak Detector

INNOVATIVE INFRARED
TECHNOLOGY DELIVERS
ENHANCED SENSITIVITY,
SELECTIVITY AND
LONGER LIFE

As the first accurate, reliable, highly sensitive, cordless
refrigerant leak detector, the original D-TEK revolutionized
the field. Now we have built on that technology leadership
to create D-TEK Select. This next-generation refrigerant
leak detector uses an innovative infrared absorption sensing
cell that is extremely sensitive to all refrigerants — and only
refrigerants. D-TEK Select maintains that sensitivity over
time for consistent, accurate and reliable performance,
even with the newer refrigerant blends. Best of all, the
sensing cell lasts for approximately 800 hours — almost

10 times longer than the original D-TEK sensor — to lower

your cost of ownership and improve job site productivity.

Additional enhancements include a charging status indicator,
sensor failure indication, and NiMH (nickel metal hydride)
batteries. All in an easy-to-use unit with the quality and

durability you've come to expect from INFICON.

FEATURES AT A GLANCE
=0.10 0z (3 gm)iyear sensitivity
u equally sensitive to all refrigerants, including

R-22; R-134a, R-404a, R-410a, R-507 (AZ-50)
and all CFCs, HCFCs and HFCs

w 800-hour infrared cell life for low cost of ownership

u infrared cell does not weaken over time, so
response remains consistent and accurate

u infrared cell cannot be overloaded or “poisoned”
by exposure to large amounts of refrigerant

u selective tn refrigarants only; will not react to
smoke, humidity. airflow or temperature changes

u high-#ﬁeiamy air sampling pump provides quick
response and quick clearing (“zeroing”)

a on-board diagnostlcs indicate charging status

“and warn of low battery or infrared cell failure

n NIMH power stick is environmentally friendly, won't
corrom.and provides greater charging capacity

w includes hard plastic case, NiMH power stick,
12V and 120V adapter/recharger, tip filters and

- infrared cell

u made with pride in the USA




———Case-6:06-cv-01876-GAP-KRS Document 1

Filed 12/07/06 Page 38 of 39 PagelD 38
TECHNICAL NOTES

At the heart of the D-TEK Select Refrigerant Leak Detector is an
infrared absorption filtometer. It consists of a sampling cell with
an infrared source (or emitter) at one end, an infrared energy
detector at the other end, and an optical filter in between them.

infrared energy strikes the detector and causes it to heat up.
When refrigerant is drawn through the sampling cell by the
internal pump, some of the infrared energy is absorbed by the
refrigerant. This causes a decrease in the amount of infrared
energy reaching the detector and a corresponding drop in the
detector's temperature, which triggers the D-TEK Select to
alarm. This whole process takes a fraction of a second.

Like the visible light we see, infrared energy is part of the
electromagnetic energy spectrum. Most materials absorb

specific and known wavelengths of infrared energy. The particular
wavelengths of energy absorbed by a material are known as

its absorption spectra. Al refrigerants have similar absorption
spectra in the range of 7.5-14 micrometers.

By utilizing an optical filter with precise characteristics, INFICON
has made D-TEK Select sensitive to all refrigerants, while elimi-
nating false alarms. In addition, because there is no depletion
of chemicals like in heated sensor detectors, the sensor will not
be harmed by high refrigerant doses nor degrade over time. The
detector recovery time is also immediate after the refrigerant
clears the cell.

The infrared source (emitter) creates a high-intensity stream of
energy incorporating all wavelengths in the infrared spectrum.
The stream passes through the optical filter, which blocks all
wavelengths except those that refrigerants absorb. The filtered

SPECIFICATIONS

Minimum sensitivity to
R-12, R-134a, R-404a

Controls

0.10 oz/yr (3 gmlyr)

Power: on/off, Sensitivity: high/low
1.19 ib (0.54 kg)
NiMH power stick for 6.5 hours of operation

® 110VAC adapter with 6 ft cord
B 12V adapter with cigarette lighter plug

Weight with power stick

Power

Charging options

INERARE DY
ENLRGY SOURC

INERARE Y
[N ER IR N

Probe length

17

Recharger

Builtin

Operating temperature range

32°F to 122°F (0°C to 50°C)

Storage temperature range

14°F to 140°F (-10°C to 60°C)

Case material

Self-extinguishing, per UL94HB

Certifications CE Marking Power Safety and
EMC. SAEJ1627
Warranty 2-year replacement

ACCESSORIES

712-202-G1 Standard 120V model

032-404 Headphones

703-055-P1 12V power cord with cigarette lighter plug
033-0019 Replacement 120V adapter and cord
712-700-G1 Replacement NiMH power stick
712-701-G1 Reptacement infrared cell

705-600-G1 Replacement tip/filter kit

712-702-G1 Replacement hard storage case

The filtered infrared energy passes through the sampling cell,
striking the infrared detector. D-TEK Select is ready to sense
any refrigerant.

INRAT D

D e 10k

Filtered infrared energy is absorbed by the refrigerant present
in the sampling cell, causing D-TEK Select to alarm.

‘ l ]NI ICON Laboratory Accurate. Toolbox Tough™

GLOBAL HEADQUARTERS:

Two Technology Place. East Syracuse. NY 13057 USA
Tel: +315.434.1100 Fax: +315.437.3803 E-mail: reachus@inficon.com

D-TEK is a trademark of INFICON.
Due to our continuing program of product improvements. specifications are subject to change without notice.
Visit our website for contact information and other sales offices woridwide. www.inficon.com

eibcdtatl-a ©2004 INFICON
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@7 INFICON
| D'TEK SEleCtRngerant Leak Detector

i INFICON again revolutionizes hand-held
i refrigarant leak detectors with the D-TEK
§ Select. The D-TEK Select ulliizes an
infrared absorption sensing celi for extrame
B sensitivity 1o ali refrigerants - and only
B refrigerants. Best of ail, since the infrared
B cail lasts for approximately 800 hours of use,
B the D-TEK Select makes frequent sensor
changes a thing of the past, saving you time
and money and ylelding greater productivity
BERE at the job site. This next generation sensor
B technology does not deteriorate over time,
even with new blends, 8o you always have
consistent, accurate and reliable leak
datection.

B The D-TEK Select is a product with all the
quality, durability and ease of use you've
coma to expect from INFICON.

Avalilable December 2003
Part number 712-202-G1

The D-TEK Select nfrared

Features:

»  Uttimate sensitivity to .10 ouncelyoat (3 prama/year)

« Exqual sensitivity to all refrigerants, inciuding R22, R1349, R4043, R410a and all CFCs, HCFCa and HFCs
« Low cost of ownership with @ infrared ocell life of BOO hours

. mwmmummwmme.mmammammmmm
* « infrared cell cannot by ovarioaded or *poisoned” by exposure to large amaunts of refrigerant

. vwmmunmm‘bmmasmmmuhmmmm

. Hiﬁuﬁummwnplhgmmpmmhrm&mﬁmOMmQMW)

. mmmmdmummwcr.mmmlmmmdmmmmmmdm
«  Comea with herd plastic cate, NIMH power stick, 12v & 120v adaptariracharger, tip filters, and infrared ceit
+ Made with pride in the USA '




