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MEMORANDUM OPINION AND ORDER
MORTON DENLOW, United States Magistrate Judge.

This patent case arises out of the issuance of a patent for an oxygen enriched air generation system designed
principally for use by dive shops for filling scuba tanks. The Court conducted a bench trial from October 6-
10, 1997, involving six in-court witnesses, two who testified by deposition, and numerous exhibits. The case
involves two primary issues: 1) Was Plaintiff's patent infringed by Defendant? The answer is no. 2) Is
Plaintiff's patent valid? The answer is yes. The following constitute the Court's findings of facts and
conclusions of law pursuant to Rule 52(a) of the Federal Rules of Civil Procedure. To the extent certain
findings may be deemed conclusions of law, they shall also be considered conclusions. Similarly, to the
extent matters contained in the conclusions of law may be deemed findings of fact, they shall also be
considered findings. See Miller v. Fenton, 474 U.S. 104, 113-14, 106 S.Ct. 445, 451-52, 88 L.Ed.2d 405
(1985).



FINDINGS OF FACT
I. THE PARTIES.

1. Plaintiff, Undersea Breathing Systems, Inc. ("Plaintiff") manufactures and markets oxygen-enriched air
("nitrox") generation systems for the production of divers' breathing gas. Its corporate officers are William
H. Delp, II ("Delp"), Richard Rutkowski ("Rutkowski") and Dr. J. Morgan Wells ("Wells").

2. Defendant, Nitrox Technologies, Inc. ("Defendant" or "NTI") also manufactures and markets nitrox
generation systems for producing divers' breathing gas. Its corporate officers are Cynthia Olson and Robert
Olson ("Olson").

I1. JURISDICTION AND VENUE.

3. This Court has jurisdiction over the parties and over the subject matter of this action pursuant to 28
U.S.C. s.s. 1331 and 1338(a).

4. Venue is proper in this district pursuant to 28 U.S.C. s.s. 1391(c) and 1400(b).

ITII. THE PATENT AT ISSUE.

5. United States Patent Number 5,611,845 ("the '845 patent") was issued on March 18, 1997, to Delp, as the
inventor. (Px 1). Delp subsequently assigned the patent to Plaintiff. Delp filed the patent application for the
system which led to the '845 patent on August 22, 1995. (Px 2).

6. The patent describes a particular type of nitrox generation system using a permeable membrane gas
separation system for separating compressed air into a nitrogen gas component and a nitrox component. (Px

1.

7. The patent contains 33 claims. Claims 1 and 23 are independent claims with the remainder being
dependent.

8. Plaintiff alleges that Defendant infringed independent claim 23 and dependent claims 24 and 29 of the
'845 patent. Defendant denies the allegation and asserts that the '845 patent is invalid.

9. Claim 23 claims:
A system for generating [nitrox] comprising:
an air supply for supplying compressed air;

a permeable membrane gas separation system for separating a nitrogen gas component and [a nitrox]
component from said compressed air;

means for detecting an oxygen concentration in said [nitrox] component;

means for selectively heating and cooling said compressed air as it passes between said air supply and said
permeable membrane gas separation system; and (emphasis added)



means for selectively distributing said [nitrox] component for further use.
('845 patent, col. 9-10).

10. The principal issue with respect to Plaintiff's complaint for infringement is whether Defendant's system
contains a means for selectively heating and cooling compressed air. The Court finds that Defendant's
system does not contain a means for selectively heating and cooling the compressed air. In particular, the
Court finds that Defendant's system lacks an equivalent structure for selectively cooling the compressed air.
The Court's analysis of this issue is contained in the Conclusions of Law at Section VII.

11. Dependent claim 24 describes:

A system as defined in claim 23, and further comprising a compressed [nitrox] storage assembly,
a compressor,

a compressor feed line supplying said [nitrox] component to a compressor inlet and

an outlet line interconnecting a compressor outlet to said compressed [nitrox] storage assembly.
('845 patent, col. 10, lines 6-11).

12. Dependent claim 29 states:

A system as defined in claim 24, wherein said means for detecting the oxygen concentration is
interconnected with an outlet of said permeable membrane gas separation system to permit monitoring of
the oxygen concentration of said oxygen enriched air component passing through said outlet.

('845 patent, col. 10, lines 35-41).

IV. BACKGROUND FACTS.
A. The Parties' Involvement in Diving and Patent Development.

13. Delp attended college and took general engineering courses but did not receive a degree. He has had a
continuing interest in diving since 1962, when he was certified as a diver. Delp has been involved in
commercial diving and producing life support breathing gas mixtures for the diving industry since 1985. He
1s certified as a hyperbaric technician. Delp recognized that a system for generating nitrox using permeable
membrane technology, which eliminates the need for a separate pure oxygen source, offered substantial
advantages, such as increased safety and decreased cost and effort in producing nitrox.

14. Robert Olson has a bachelor's degree in oceanography. He has been a recreational diver since 1974.
Olson has previously developed and patented systems using the nitrogen stream produced by permeable
membranes for applications in the transportation industry, such as inerting containers used to ship grain and
produce. (Dx 10 and 11). Olson assigned his patents to his then-employer, Prolong Systems, Inc., which
produced and sold nitrogen generation systems for inerting purposes. In 1994, Olson began to work on a
device to create nitrox for dive shops. He installed his first nitrox generating unit in July 1996. The NTI



system takes filtered, compressed air through a bundle of hollow fibers that separates the oxygen from the
nitrogen using selective permeation. (Dx 25).

B. Diving.

15. When a diver's body is submerged under water, the liquid exerts pressure against the body in every
direction. At sea level, the diver is subjected to normal atmospheric pressure, which can be quantified as 1
Atmosphere. The amount of pressure increases linearly as the diver submerges deeper below the water
surface. For example, diving to a depth of 33 feet below sea level increases the pressure by 1 Atmosphere.
Any diver, at any depth, must be in pressure balance with the forces at that depth. The body can only
function normally when the pressure differences between the inside of the diver's body and forces acting
outside is very small. (Px 29).

16. As pressure increases with depth, the diver's circulatory system is also compressed. If a diver surfaces
too quickly, the rapid decompression can cause arterial gas embolisms, bubbles in the blood stream, to form.
(Px 47, pp. 49-50, para.para. 9-14, U00437-38.) The bubbles of air in the blood vessels block some of the
small terminal vessels, cutting off the blood supply to nerve endings. Known as decompression sickness or
more popularly as the bends (and euphemistically by divers as "bubble trouble"), the consequent blockage
throughout the circulatory system, can cause severe pain, temporary paralysis, permanent damage, or death.

C. Gases in Diving.

17. Divers' breathing gas is composed of eight gases, which are normally found in varying quantities in the
atmosphere. These gases are oxygen, nitrogen, helium, hydrogen, neon, carbon dioxide, carbon monoxide
and water vapor. Oxygen is the most important. Normal ambient air contains approximately 21 percent
oxygen, 78 percent nitrogen, and 1 percent trace gases. It is the oxygen that is actually used by the body.
The other 79 percent of air serves to dilute and carry the oxygen. Pure (i.e., 100 percent) oxygen is often
used for breathing in hospitals and in aircraft. However, a diver who breathes pure oxygen under pressure
may experience oxygen poisoning. (Px 29). Because it imposes a significant decompression obligation,
ambient air is not the "ideal" breathing mixture for diving. Decompression obligation refers to the necessity
when surfacing from a dive to stop periodically and allow the diver's body to adjust to the new pressure
exerted on the body to avoid the bends. Decompression obligation is dependent on the quantity of nitrogen
absorbed by the body during the course of a dive. Both the rate of nitrogen absorption and the total amount
of nitrogen which can be taken in by the body are determined by the nitrogen partial pressure in the
breathing gas. (Px 2, Tab 47, p. 21). Although nitrox is any combination of nitrogen-oxygen, nitrox
mixtures with greater than 21 percent oxygen can offer significant advantages to many types of diving. (Px
2, Tab 47, p.21). For the purposes of this opinion, any reference to nitrox will indicate a nitrogen-oxygen
mixture which contains more than 21 percent oxygen.

18. If both the toxic and decompression obligation reducing properties of oxygen are considered, an "ideal"
diving gas mixture for any depth / time combination can be produced. Such a mixture would offer the
maximum decompression advantage without the risk of oxygen toxicity. The advantages of such a mixture
as compared to air are that it will either increase the allowable time on a successive dive or reduce the
surface interval, the time a diver must spend at surface level between dives, or both. (Dx 36, pp. 31-32.)

D. Pressure and Compression.

19. A gas mixture that is safe to breathe at the surface may not be acceptable at depths experienced by



divers. The breathing gas will not flow out of its storage tank unless it is at a higher pressure than its
surroundings. Because pressure increases as the diver's depth increases, the breathing gas in the diver's tank
must be stored at a pressure higher than the maximum that the diver will encounter. Other components of
air, such as carbon dioxide or hydrocarbon contaminants, may be tolerable at ambient pressure but
dangerous at the higher pressures encountered at depth.

20. Generating and compressing nitrox for diving implicates several problems. The enhanced oxygen
content increases the risk of explosion or fire, necessitating the use of special cleaning and safety
procedures. Moreover, because diving time, decompression time, and surface intervals vary with the gas
composition of the breathing gas used, the oxygen and other gas components must be precisely controlled.

E. Prior Nitrox Generation Systems.

21. Prior to the '845 patent, nitrox was produced in one of three ways. The first, partial pressure blending,
requires the mixture of compressed pure oxygen and compressed air or pure nitrogen. The second, the
continuous blending method used by the National Oceanic and Atmospheric Administration ("NOAA"),
involves the mixing of compressed pure oxygen with air at ambient pressure and the compression of the
resulting nitrox for use in diving tanks. Both the partial pressure and NOAA continuous blending methods
require a separate pure oxygen source and use of the precautions attendant to the use of pure oxygen. The
third, the pressure swing adsorption ("PSA") method, uses a molecular sieve that selectively adsorbs
nitrogen molecules during pressurization and depressurization with air. (Dx 30, p. 12). PSA technology
requires cleaning and safety procedures identical to using pure oxygen. (Dx 30, p. 12).

22. During the early 1990s, researchers Rutkowski, a hyperbaric medicine specialist, and Wells, director of
the NOAA Experimental Diving Unit, began experimenting with the possibility of using permeable
membrane technology as a commercially viable means of producing a safe nitrox breathing gas for divers.
The advantage of this technology is the elimination of a pure oxygen source requirement. Rutkowski and
Wells tested membrane packages manufactured by Permea and Medal to determine whether the nitrox
permeate could be safely breathed at depth and whether contaminants and trace gases might be concentrated
in the permeate; they experimented with flow rates to determine the optimum pressure for the feed air.

F. Permeable Gas Membranes.

23. The system claimed by the '845 patent discloses a gas separator in the form of a hollow-fiber permeable
membrane in combination with additional elements to produce nitrox. See e.g., United States Patent
4,230,463 for a multicomponent membrane for gas separations. (Dx 9).

24. Permeation results from the pressure differential across the fiber. (Dx 26,03387.) Because a gas will
always seek to reach an equilibrium pressure with its surroundings, the permeable hollow fiber membranes,
filled with air at an elevated pressure, act like a "leaking" pipe. The gases that comprise air permeate, or
"leak," through the fiber, as the air travels axially through the hollow fiber.

25. Each gas has a particular permeation rate; oxygen permeates faster than nitrogen. Thus, when a
compressed air stream is fed to the inside of the hollow membrane fiber, the air separates into two streams:
a permeate FN1 stream, at atmospheric pressure, which is oxygen enriched and a nonpermeate stream, near
the original, elevated pressure, which is nitrogen enriched (actually oxygen depleted). (Dx 25, 03812-13).

FNI1. "Permeate" refers to the gases, in this case primarily oxygen, which migrate out of the hollow fiber by



diffusing through the cylindrical wall.

26. Permeable membranes have been used for gas separation since the 1970s, and hollow-fiber permeable
membranes have been used since the 1980s. Their predominant use, however, is the production of nitrogen.
(See Px 24 describing AVIR Gas Separation Cartridge).

27. The use of nitrogen is sometimes referred to as "inerting," that is, displacing the oxygen in an
environment with nitrogen. The three points of the "fire triangle"-fuel, heat and oxygen-must all be present
for combustion to occur. When enough oxygen is displaced by nitrogen, combustion can no longer occur.
Also with no oxygen in the atmosphere, most living things can not survive.

28. Nitrogen is used in the shipping and warehousing industries to prevent combustion, preserve freshness
and increase shelf life of produce, or exterminate insects through oxygen deprivation. Other uses for
nitrogen include: purging lines and vessels in industrial processes, producing pressurized gas for enhanced
oil recovery, pressure testing pipe systems, preventing dust explosions in silos and bins, and supplying inert
atmospheres for heat treating. (Dx 18, pp. 4-5, N00734-35).

29. In the overwhelming majority of membrane applications, the oxygen-rich permeate is considered a
waste gas and discarded. In those few applications in which the permeate is used, such as the generation of
nitrox for medical purposes, the permeate is used at ambient pressure. The potential use of permeable
membranes to produce oxygenenriched breathing gas for divers was first being discussed in the 1990's by
those engaged in the design and manufacture of equipment for the diving industry. In 1993, Wells and Linda
Moroz wrote an article regarding the application of gas separation technology in the preparation of divers'
breathing gases. (Dx 6).

G. The Invention Claimed by the '845 Patent.

30. The '845 patent claims and discloses a system which is capable of generating an oxygen-enriched, safe
breathing gas for use by underwater divers. Nitrox may contain from 22 to 40 percent oxygen. Divers
generally use a nitrox mixture containing 32 or 36 percent oxygen (known as Nitrox I and Nitrox II,
respectively).

31. Nitrox has been used as a breathing gas by military, scientific and commercial divers for decades, and
began to gain acceptance in recreational diving in the 1980s. Nitrox provides several advantages, such as
reduced danger of decompression problems, increased bottom time, and decreased surface interval (the time
that a diver must spend on the surface between dives).

32.1In 1993 and 1994, Delp obtained permeable membranes from A/G Technology Corp. and Medal to
evaluate the oxygen-rich permeate produced by separation and to determine whether the permeate would be
safe and breathable for a diver at a depth where it would be supplied at elevated pressure. Delp focused on
the concentrations of oxygen, nitrogen, argon, carbon monoxide, carbon dioxide, hydrocarbons and water
vapors; these substances, while safe to breathe at the surface, can be toxic at elevated pressure.

33. Delp was aware that hollow-fiber permeable membranes are produced by fewer than a dozen
manufacturers worldwide. These manufacturers were reluctant to have their membranes used in connection
with a diving application because they considered it too dangerous and a serious liability risk. These



manufacturers include Permea, Inc.; A/G Technology Corporation; Generon Systems; Air Liquide America
Corp. (or Medal); and Aquila Air. Delp also realized that the membranes produced by the various
manufacturers differ with respect to their optimal feed air temperature and pressure ranges and their ability
to withstand contaminants in the feed air. He therefore designed a system that could be adjusted for these
differences and thus be used with any of the membranes. Delp ultimately selected a Permea membrane for
use in the system that he would manufacture.

34. Delp testified that the invention claimed in the '845 patent was conceived and reduced to practice in
early 1994 but offered no corroborating evidence.

35. Delp filed an application for a patent on his invention on August 22, 1995.

36. Plaintiff displayed its system at the Dive Equipment Marketing Association ("DEMA") trade shows in
January 1996 and January 1997.

37. Delp was advised by the patent office in January 1997 that his claims had been allowed.
38. The '845 patent issued on March 18, 1997.

H. The NTI System.

39. Defendant manufactures a nitrox generation system which competes with the Plaintiff's system. (Px 6
and 7). The NTI system has been in existence since at least June of 1996. The NTI system takes filtered
compressed air through hollow fiber membranes to produce a nitrox permeate stream. An oxygen analyzer
confirms the percentage of oxygen in the stream as it is fed into the intake of a standard high pressure
compressor. A flow control allows an operator to adjust the nitrox mixture up to 40 percent oxygen. (Px 6).

40. The NTI system is manufactured in the United States.

V. THE MARKET FOR THE NITROX GENERATION SYSTEMS.

41. The market for nitrox generation systems such as those sold by Plaintiff and Defendant consists
primarily of dive shops located in the United States. Of these, only approximately 1,500 dive shops have the
financial resources to purchase a system.

42. Plaintiff has the manufacturing and marketing capability to exploit the market.

43. The lifespan of an enriched air generation system is indefinite and depends on the life of the membrane.
Therefore there is no replacement market for these systems.

44. The systems manufactured and sold by Plaintiff range in price from $6,900 for the smallest unit to
$50,000 for the largest.

45. The systems manufactured and sold by Defendant range in price from $9,000 for the smallest system to
$24.,000 for the largest system.

46. Since the '845 patent issued, Defendant has sold at least three systems that were manufactured in the
United States.



VI. THE DISPUTE.

47. Olson and Christian St. Claire, NTT's vice president of sales, displayed a bare membrane at St. Claire's
booth at the DEMA show in January 1996 to ascertain whether there would be a market for a commercial
product using membrane technology. Olson and St. Claire saw Plaintiff's system at that time. Delp advised
Olson that he had applied for a patent on his system, and that he intended to enforce the patent upon its
issuance. He threatened to sue Olson if Olson attempted to sell his device. For the remainder of the DEMA
show, Olson and St. Claire displayed Plaintiff's logo and referred all inquiries regarding the membrane to
the Plaintiff's booth.

48. In early September 1996, Delp learned of the installation of the NTI system at a dive shop and advised
Olson that NTIs system would infringe the '845 patent when it issued.

49. In January 1997, Delp informed Olson and St. Claire that the claims of the '845 patent application had
been allowed. Olson obtained a copy of the '845 patent on the day it issued and immediately faxed it to
membrane manufacturers. Olson continued manufacturing and marketing the NTI system.

50. On March 24, 1997, Plaintiff filed suit against NTT alleging direct and contributory infringement of the
'845 patent. NTI filed counterclaims for a declaratory judgment of non-infringement, a declaratory judgment
of invalidity and unenforceability under 35 U.S.C. s.s. 102 and 103, and a declaratory judgment of patent
misuse, as well as a counterclaim seeking a statutory penalty provided for by 35 U.S.C. s. 292.

51. After suit was filed, Defendant obtained a written opinion from counsel that its system did not infringe
Plaintiff's patent. (Dx 47).

CONCLUSIONS OF LAW
VII. INFRINGEMENT.

[1] [2] 52. Plaintiff claims direct or, alternatively, contributory infringement. Persons who make, use or sell
the patented invention are direct infringers. Herbert F. Schwartz, Patent Law & Practice (2nd ed.1996)
(hereafter "Schwartz"), p. 77. Contributory infringers are persons who aid and abet direct infringers without
themselves making, using, offering to sell, or selling the patented invention. /d. The patentee carries the
burden of proving infringement by a preponderance of the evidence. Rohm and Haas Co. v. Brotech Corp.,
127 F.3d 1089, 1092 (Fed.Cir.1997).

53. A person infringes a patent when she "without authority makes, uses, offers to sell, or sells any patented
invention, within the United States or imports into the United States any patented invention during the term
of the patent...." 35 U.S.C. s. 271(a). A court's first step in an infringement analysis is to properly construe
the claims. Markman v. Westview Instruments, Inc., 52 F.3d 967, 976 (Fed.Cir.1995), aff'd, 517 U.S. 370,
116 S.Ct. 1384, 134 L.Ed.2d 577 (1996). This is a question of law. Markman v. Westview Instruments, Inc.,
517U0.8.370, ---- - ---- , 116 S.Ct. 1384, 1389-96, 134 L.Ed.2d 577 (1996). After the claims have been
properly construed, they are then compared to the accused system. Markman, 52 F.3d at 976. This is a
question of fact. Kegel Co., Inc. v. AMF Bowling, Inc., 127 F.3d 1420, 1427 (Fed.Cir.1997).

54. Plaintiff alleges that Defendant's system infringes independent claim 23 and dependent claims 24 and 29
of the '845 patent. A dependent claim is infringed only if the independent claim on which it rests is



infringed. Wolverine World Wide, Inc. v. Nike, Inc., 38 F.3d 1192, 1199 (Fed.Cir.1994).

A. Claim Construction.

55. In determining the proper construction of a claim, the court has numerous sources that it may properly
utilize for guidance. These include both intrinsic evidence ( e.g., the patent claims, specification, and
prosecution history) and extrinsic evidence ( e.g., expert testimony). Vitronics Corp. v. Conceptronic, Inc.,
90 F.3d 1576, 1582 (Fed.Cir.1996). In most situations, an analysis of the intrinsic evidence alone will
resolve any ambiguity in a disputed term. Id. at 1583. Unless the specification or the file history indicates
that the inventor intended another meaning, a claim term will be accorded its "ordinary and accustomed
meaning." Wolverine World Wide, Inc., 38 F.3d at 1196. "Ultimately, the court must construe the claim
language according to the standard of what those words would have meant to one skilled in the art as of the
application date." Wiener v. NEC Electronics, Inc., 102 F.3d 534, 539 (Fed.Cir.1996).

[3] 56. Under the doctrine of claim differentiation, claims should be presumed to cover different inventions;
therefore, the court should avoid an interpretation of a claim that would make one claim read like another.
Laitram Corp. v. Rexnord, Inc., 939 F.2d 1533, 1538 (Fed.Cir.1991).

B. Construction of Means Plus Function Language.

57. Claim 23 contains means-plus-function language. If construed literally, a means plus function claim
element would be construed to cover every conceivable structure that could perform the recited function.
This broad construction of means plus functionelements has been restricted by 35 U.S.C. s. 112, para. 6
which allows a patentee to claim an element of his invention in means-plus-function language but also
"provide[s] a standard to make the broad claim language more definite." Valmont Industries, Inc. v. Reinke
Mifg. Co., Inc., 983 F.2d 1039, 1042 (Fed.Cir.1993). Section 112, para. 6 states:

An element in a claim for a combination may be expressed as a means or step for performing a specified
function without the recital of structure, material, or acts in support thereof, and such claim shall be
construed to cover the corresponding structure, material, or acts described in the specification and
equivalents thereof.

Paragraph six directs a court to construe means-plus-function language by turning to "the specification and
interpret[ing] that language in light of the corresponding structure, materials, or acts described therein, and
equivalents thereof, to the extent that the specification provides such disclosure." In re Donaldson, 16 F.3d
1189, 1193 (Fed.Cir.1994).

58. A claim using means-plus-function language must still " 'particularly point out and distinctly claim' the
invention." In re Donaldson, 16 F.3d at 1195 (quoting 35 U.S.C. s. 112, para. 2). Although the patentee need
not recite "structure, material, or acts" in a claim's means-plus-function element, to satisfy the enablement
requirement, "the patent specification must describe some structure which performs the specified function."
Valmont Industries, Inc., 983 F.2d at 1042. However, "there is and can be no requirement that applicants
describe or predict every possible means of accomplishing that function." In re Hayes Microcomputer
Products, Inc. Patent Litigation, 982 F.2d 1527, 1535 (Fed.Cir.1992) (internal quotations omitted).

[4] 59. A limitation containing means-plus-function language is "not rendered open-ended by the presence
of another claim specifically claiming the disclosed structure underlying the means-plus-function clause or
an equivalent of that structure." Laitram Corp., 939 F.2d at 1538. The statute expressly provides that the



patentee is entitled to a claim covering equivalents as well as the disclosed structure. D.M.I., Inc. v. Deere &
Co., 755 F.2d 1570, 1574 (Fed.Cir.1985).

C. Prosecution History of the '845 Patent.

60. Delp's original patent application contained 24 proposed claims, three independent claims and 21 claims
all dependent on what was to become independent claim 1 of the patent. (Px 2A, U00134). In a PTO
Examiner's Action on May 28, 1996, the examiner allowed independent claim 1 and rejected for
obviousness the two other independent claims, claims 23 and 24 of the original application. (Px 2A,
U00196-97).

61. The original, proposed independent claim 23 attempted to claim:

A process for generating breathable [nitrox] comprising the steps of:

supplying compressed air;

separating a nitrogen gas component and [a nitrox] component from said compressed air through the use of
a permeable membrane gas separation system;

detecting an oxygen concentration in said [nitrox] component; and
selectively distributing said [nitrox] component for breathing.

(Px 2A, U00158-59).

62. Similarly, proposed independent claim 24 attempted to claim the analog system to proposed process
claim 23 as follows:

A system for generating breathable [nitrox] comprising:
an air supply for supplying compressed air;

a permeable membrane gas separation system for separating a nitrogen gas component and [a nitrox]
component from said compressed air;

means for detecting an oxygen concentration in said [nitrox] component; and
means for selectively distributing said [nitrox] component for breathing. (emphasis added).

(Px 2A, U00159).

63. The examiner found that both the proposed process and system claims were unpatentable because of
obviousness over U.S. Patent Number 4.950,315 ("Gollan patent") in light of U.S. Patent Number 5,053,058
("Mitariten patent"). (Px 2A, U00197). The proposed claims were different from Gollan because Gollan did
not disclose the use of a concentration detector on the permeate outlet line of the permeable gas membrane
separator system. However, the examiner noted that Mitariten teaches such use of the concentration detector



and, therefore, concluded that the combined teachings of the prior art references rendered the proposed
claims obvious. (Px 2A, U00197).

64. In response to the examiner's action, Delp filed on August 22, 1996, an amendment to his application
which canceled the two proposed independent claims rejected by the examiner and which added claims 25
through 35. (Px 2A, U00100). In a Notice of Allowability on October 25, 1996, the examiner allowed these
added claims, which became claims 23 through 33 in the patent. (Px 2A, U00185).

65. Only two differences are evident between proposed independent claim 24 and what eventually became
independent claim 23 in the patent. Claim 23 omits the word breathable from the preamble of the claim,
and claim 23 adds the following limitation: " means for selectively heating and cooling said compressed air
as it passes between said air supply and said permeable membrane gas separation system." (Px 1,U00171).
The Court finds that the additional limitation distinguishes Delp's invention from the prior art presented to
the examiner.

D. Other Claims in the '845 Patent.

66. Independent claim 1 of the '845 patent contains four limitations that are identical to those found in
independent claim 23. Claim 1 contains two other limitations not found in claim 23: (1) a " means for
dividing the nitrogen gas component into a cold gas stream and a hot gas stream; " and (2) a " flow-
modifying means for directing the compressed feed air through the two gas streams to selectively heat and
cool the feed air." ('845 patent, col. 8, lines 1-6.) The structures recited in the specification which
accomplish these functions are the vortex tube and the two solenoid valves. ('845 patent, col. 4, lines 20-23
and col. 3, lines 54-56, respectively).

67. Claim 23 includes, besides the four identical limitations, one other limitation: a " means for selectively
heating and cooling said compressed air as it passes between said air supply and said permeable gas
separation system." ('845 patent, col. 10, lines 1-3). Thus, the doctrine of claim differentiation directs that
the selective heating and cooling means claimed in independent claim 23 not be construed to carry the same
functional meaning as the two different limitations in claim 1.

68. The limitation in claim 23 recites a function (to selectively heat and cool the compressed feed air) which
is more broad than the combined functions in claim 1: (1) to divide the nitrogen gas into two components;
and (2) to direct the compressed feed air through the two components to selectively heat and cool the
compressed feed air.

69. Dependent claim 27 is a system as defined in dependent claim 26 FN2 but contains a further limitation
on the means for selectively distributing the nitrox for further use: "wherein said means for selectively
distributing said [nitrox] component for further use comprises [a nitrox] supply line and at least one valve
provided in said [nitrox] supply line to regulate flow of said mixture into the means for storing said
mixture." ('845 patent, col. 10, lines 25-30.)

FN2. Dependent claim 26 is a system as defined in claim 25 but contains a further limitation on the means
for detecting an oxygen concentration: "wherein said means for detecting an oxygen concentration is
interconnected with said outlet line [of the compressor] to permit monitoring of the oxygen concentration of
a mixture of ambient air and the [nitrox] component in said outlet line." (‘845 patent, col. 10, lines 19-23.)



Dependent claim 25 is a system as defined in claim 24 that further comprises an ambient air feed line placed
before the compressor inlet recited in claim 24 to allow the mixing of the nitrox permeate and ambient air
and a regulating means to regulate the amount of ambient air mixing with the nitrox permeate to permit
further adjustment of the oxygen concentration in the mixture. ('845 patent, col. 10, lines 12-18.)

70. Rather than adding an additional limitation, dependent claim 27 narrows a limitation by providing a
location within the system for certain elements of its structure. In so doing, claim 27 indicates the types of
structure that are included within this limitation, that is, supply lines and valves. Therefore, similar
structures should also be contained within the "means for selectively distributing the nitrox permeate"
limitation found in claim 23.

E. Construction of the Disputed Claims in the '845 Patent.

71. The parties vigorously dispute the meaning of the limitations containing means-plus-function elements
in claim 23. In particular, the parties dispute the meaning of the word "selectively" in the third limitation of
claim 23. The Court will construe in turn the three claims at issue.

F. Independent Claim 23.

72.Claim 23 is an independent claim that defines a system for generating oxygen enriched air which
contains five limitations, three of which contain means-plus-function elements: (1) an air supply to supply
compressed air; (2) a permeable membrane gas separation system to separate air into nitrox and nitrogen;
(3) means for detecting an oxygen concentration in the nitrox permeate; (4) means for selectively heating
and cooling compressed air before it enters the permeable membrane; and (5) means for selectively
distributing the nitrox permeate. (‘845 patent, col. 9-10).

73. The court construes the first limitation of claim 23, " an air supply for supplying compressed air," as
follows: The air supply is either one or more storage vessels of compressed air or an oil-free air compressor.
('845 patent, col. 2, lines 40-48.) The limitation is further narrowed by specifying a function for the element,
namely to supply compressed air.

74. The court construes the second limitation of claim 23, " a permeable membrane gas separation system
for separating a nitrogen gas component and [a nitrox] component from said compressed air," as follows:
The structure for the separation system is a standard, commercially available, permeable membrane, nitrox
and nitrogen gas separation system. ('845 patent, col. 3, lines 60-66.) The limitation is further narrowed by
specifying a function for the element, namely to separate the compressed air into nitrogen and nitrox
components.

75. The third limitation of claim 23 claims a " means for detecting an oxygen concentration in said [nitrox]
component." The Court construes the third limitation to correspond to the following structures and
functions: the structure recited in the specification for the means for detecting an oxygen concentration
includes a junction; a sampling line; and a conventional oxygen analyzer. ( See '845 patent, col. 5, lines 12-
15.) The concentration detector detects and provides a reading (typically, anywhere from 0% to 50%) of the
nitrox permeate's oxygen concentration as it passes through a flow control valve and into a compressor feed
line leading to an oil-lubricated, high pressure compressor. ( See '845 patent, col. 5, lines 16-21.)

[5] 76. The fourth limitation of claim 23 claims a " means for selectively heating and cooling said
compressed air as it passes between said air supply and said permeable membrane gas separation system."
The Court construes the fourth limitation to correspond to the following structures and functions: the



structure recited in the specification for the means for selectively heating and cooling the compressed air
includes: (1) a heating and cooling heat exchanger which includes a commercially available spin vortex
tube FN3 which has a cold nitrogen gas exhaust directed towards the first coil and a hot nitrogen gas
exhaust directed towards the second coil, and two heat exchanger lines, with the corresponding first coil
along one line and second coil along another line; (2) two solenoid valves; (3) a solenoid control unit; and
(4) a temperature sensor. ( See '845 patent, col. 4, lines 9-36.) The Court concludes that the function found
in this limitation includes both the ability to heat and to cool.

FN3. A spin vortex tube uses compressed gas as a power source, has no moving parts, and generates hot gas
from one end and cold gas from the other. A valve built into the hot gas exhaust adjusts the volume and
temperature of the hot and cold streams. The spin vortex tube can create temperatures as low as -40 (deg.)F
and as high as +200 (deg.) F. (Dx 33, p. 8). One widely accepted theory regarding how a vortex tube works
explains the dynamics of the phenomena as follows:

Compressed air is supplied to the vortex tube and passes through the nozzles that are tangent to an internal
counterbore. These nozzles set the air in a vortex motion. This spinning stream of air turns 90 (deg.) > and
passes down the hot tube in the form of a spinning shell, similar to a tornado. A valve at one end of the tube
allows some of the warmed air to escape. What does not escape heads back down the tube as a second
vortex inside the low-pressure area of the larger vortex. This inner vortex loses heat and exhausts thru [sic]
the other end as cold air. (Dx 33, pp. 8-9.)

77. The interpretation of the term "selectively" is critical to the construction of this limitation and to
whether Defendant's system infringes the '845 patent. The means for selectively heating and cooling the
compressed air requires the "appropriate operation of the solenoid valves by the control unit permits
selective heating and cooling, i.e., 'temperature conditioning' of the compressed low pressure feed air
passing through the heat exchanger and the supply line so that the temperature is appropriate for, and meets
the specifications of, the particular separation system selected." ('845 patent, col. 4, lines 34-37.) Cycling
the solenoid valves can be used to selectively heat and cool the feed air in the supply line and, therefore,
adjust the oxygen concentration in the nitrox permeate because the concentration is dependent, inter alia, on
input temperature. ('845 patent, col. 5, lines 24-27).

78. The Court concludes that in this limitation "selectively" indicates an ability to choose a specific point
along a continuous range of possible temperatures and to control the temperature of the compressed air by
directing it along the "hot route" to heat it and / or along the "cold route" to cool it until it reaches the
optimum operating temperature. The ability to control the temperature during operation is central to the
concept of "selectively heating and cooling."

79. The fifth limitation of claim 23 claims a " means for selectively distributing said [nitrox] component for
further use." The Court construes the fifth limitation to correspond to the following structures and functions:
the structure recited in the specification for the means for selectively distributing the nitrox permeate
includes: a low-pressure nitrox permeate feed line and a conventional flow control valve disposed in the
feed line; and optionally a branch line and a conventional flow control valve disposed in the optional branch
line. The Court finds that the means for selectively distributing the nitrox permeate allow the flow of nitrox
through the feed line to be "permitted, shut off and regulated." ( See '845 patent, col. 5, lines 9-11.) The
Court finds that the word "selectively" is used consistently in the fourth and fifth limitations to denote the
situation where the means can control the function in a continuous manner.



G. Dependent Claim 24.

80. Claim 24 is a dependent claim that defines a system as defined in claim 23 and contains four additional
limitations: (1) a compressed nitrox storage assembly; (2) a compressor; (3) a compressor feed line to
supply the nitrox permeate to the compressor inlet; and (4) a compressor outlet line to connect the
compressor outlet to the compressed nitrox storage assembly. The court construes claim 24 to include every
limitation found in independent claim 23 as construed earlier in this opinion.

81. The court construes the first additional limitation of claim 24, " a compressed [nitrox] storage
assembly," as follows: the assembly contains as many conventional storage vessels (such as a nitrox storage
cylinder or a scuba tank) as the operator of the system desires, and it contains an identical number of branch
lines, one branch line for each storage vessel. ( See '845 patent, col. 6, lines 20-28.)

82. The second additional limitation of claim 24 describes "a compressor." Although the specification,
indicates that "a standard, oil-lubricated, high pressure compressor" could be used in the invention, (‘845
patent, col. 4, lines 52-53), the use of such a compressor is predicated on using the nitrogen gas component
to inert the crankcase of the compressor. (‘845 patent, col. 4, lines 42-52.) However, claim 24 contains no
limitation requiring the use of the nitrogen gas component in such a manner. Accordingly, the court
construes " a compressor " in this limitation as follows: a compressor, either oil-free or oil-lubricated,
capable of compressing and delivering air at least at 3000 p.s.i.g.

83. The court construes the third additional limitation of claim 24, " a compressor feed line supplying said
[nitrox] component to a compressor inlet, " as follows: a line which connects the permeate outlet of the
permeable membrane gas separator to the inlet of the immediately above-described compressor.

84. The court construes the fourth additional limitation in claim 24, " an outlet line interconnecting a
compressor outlet to said compressed [nitrox] storage assembly," as follows: a line which connects the
outlet end of the compressor to the nitrox storage assembly.

H. Dependent Claim 29.

85. The Court construes claim 29, which is dependent on dependent claim 24, to include every limitation
found in dependent claim 24 as construed earlier in this opinion with the exception that the third limitation,
" means for detecting an oxygen concentration in said [nitrox] component," which is further narrowed by
the following:

said means for detecting the oxygen concentration is interconnected with an outlet of said permeable
membrane gas separation system to permit monitoring of the oxygen concentration of said [nitrox]
component passing through said outlet.

('845 patent, col. 10, lines 34-39.)

86. The Court finds that the structure recited in the specification for the " means for detecting the oxygen
concentration " is the same as for claims 23 and 24.

87. The Court finds the third limitation is narrowed: (1) by adding a further description of the location in the
system of the means-for-detecting-an-oxygen-concentration element: it is connected to the permeate outlet



of the permeable membrane gas separation system; and (2) by further specifying the element's function: it
monitors the oxygen concentration of the nitrox permeate as it passes through the permeate outlet of the gas
separation system.

I. Direct Infringement.

[6] 88. Direct infringement is found where each and every limitation of an asserted claim is found in the
accused device either literally or under the doctrine of equivalents. Intellicall, Inc. v. Phonometrics, Inc., 952
F.2d 1384, 1389 (Fed.Cir.1992). The absence of a single limitation is enough to negate infringement of the
claim. Laitram Corp., 939 F.2d at 1535.

J. Literal Infringement.

89. An accused system literally infringes a claimed invention when "every limitation recited in the claim is
found in the accused device, i.e., when the properly construed claim reads on the accused device exactly."
Cole v. Kimberly-Clark Corp., 102 F.3d 524, 532 (Fed.Cir.1996).

[7] [8] 90. To determine whether the claim's limitation with means-plus-function language literally reads on
the accused device, the Court must "compare the accused structure with the disclosed structure, and must
find equivalent structure as well as identity of claimed function for that structure." Pennwalt Corp. v.
Durand-Wayland, Inc., 833 F.2d 931, 934 (Fed.Cir.1987). Means-plus-function language does not extend
the scope of the element to cover equivalent functions. Johnston v. IVAC Corp., 885 F.2d 1574, 1580
(Fed.Cir.1989). 35 U.S.C. s. 112, para. 6 does not allow finding that a limitation containing a means-plus-
function element is met literally "where the function part of the element is not literally met in an accused
device." Id., 885 F.2d at 1580 (Fed.Cir.1989).

K. The Accused Device.

91. The Court finds that Defendant offered to sell a system which included infer alia: (1) a cabinet-style
enclosure that holds a permeable membrane gas separation system for separating compressed air from a
compressed air supply into a nitrogen gas component and a nitrox component, a conventional oxygen
analyzer as an identical means for detecting and measuring oxygen concentration which is connected to the
permeate outlet of the membrane to detect the oxygen concentration in the nitrox component, a heater, and
a digital temperature controller to regulate the heater; (2) an external high pressure-reducing regulator.
located on the input side of the cabinet, to reduce the pressure in the compressed air fed to the membrane
housed inside the cabinet, and (3) a flexible air line. located on the output side of the cabinet which is
connected at one end to the nitrox permeate outlet of the membrane and which could be connected at the
other to a compressor. (See Dx 12, N00143).

92. The Court finds that Defendant's system does not include: (1) an air supply for supplying compressed
air, (2) a nitrox storage assembly, (3) a compressor; (4) a line which connects the compressor output to the
nitrox assembly; or (5) a flow control valve disposed on the nitrox permeate, outlet end of the permeable
membrane.

L. Comparison of the Accused Device to the Claims.

1. Claim 23 Is Not Literally Infringed.



[9] 93. The Court concludes that Defendant's system does not literally infringe claim 23 because it does not
include: (1) an air supply to supply compressed air; (2) an identical or equivalent structure which selectively
heats and cools compressed air before it enters the permeable membrane; or (3) an identical or equivalent
structure which selectively distributes the nitrox permeate.

94. First, the Court finds that the limitation "an air supply to supply compressed air" is not found in
Defendant's system. Defendant's sales brochure depicts an air supply, either as a compressor or compressed
air storage cylinders, in use with the cabinet system; however, Defendant does not offer to sell the air
supply. Although Defendant's flow schematic reveals that an air supply is necessary, (Dx 13, N00191), it
does not list an air supply in the bill of materials.

95. Second, the Court concludes that Defendant's system does not contain an identical or equivalent
structure which selectively heats and cools compressed air before it enters the permeable membrane. The
Court finds that Defendant's electric, resistive heater that can be set to heat the compressed air to a particular
temperature with the digital temperature controller is structurally equivalent to the heating aspect of the heat
exchanger in Plaintiff's system. Both operate by indirectly heating the compressed air, and both can be
operated at a continuous range of temperature settings. The heater in Defendant's system performs the
identical function as the "hot" side of Plaintiff's claimed heat exchanger.

96. However, the Court finds that Defendant's pressure regulator, regulating the pressure of the compressed
air entering the membrane, is not structurally identical or equivalent to the "cool" side of Plaintiff's heat
exchanger. An attendant physical phenomena of reducing a gas' pressure is reducing its temperature.
Although a pressure regulator will cool the air passing through it as it reduces the air's pressure, the cooling
is a function of the type of regulator selected and the amount of pressure drop. Defendant's pressure
regulator cannot cool the compressed air passing through it in the same "selective" manner that Plaintiff's
heat exchanger can. The two devices perform their functions in such a drastically different manner that no
equivalence of structure and no identity of function can be found.

97. Third, the Court finds that no structure in Defendant's device performs a function identical to the fifth
limitation, a " means for selectively distributing the nitrox component." Defendant's sales brochure makes no
mention of any structure which acts as a means for selectively distributing the nitrox permeate. Defendant's
flow schematic reveals a flow control valve disposed at the nitrogen outlet end of the permeable membrane,
(Dx 13,N00191, item 10), but no corresponding flow control valve appears on the nitrox permeate outlet
end. Rather, a vacuum relief valve and a pressure relief valve are disposed at the end the nitrox end. (Dx 13,
NO00191, items 17 and 18.) Neither of these relief valves can perform a function identical to that described in
Defendant's limitation, namely to selectively distribute the nitrox permeate. The relief valves can act to limit
a characteristic but cannot act to stop or vary the flow.

2. Claim 24 Is Not Literally Infringed.

98. Because the Court finds that independent claim 23 is not infringed, dependent claim 24 is not infringed.
See Wolverine World Wide, 38 F.3d at 1199. However, assuming arguendo that every limitation in claim 23
read on Defendant's system, the Court holds that Defendant's system does not literally infringe claim 24
because it does not include a nitrox storage assembly; a compressor; or a line which connects the
compressor output to the nitrox assembly. The Court makes this and other alternative findings for the sake
of providing a full and complete record in the event of an appeal. In this way the Court and the parties may
avoid the possible expense and delay of a retrial to resolve these issues.



99. The Court does find, however, that Defendant's system includes a flexible air line which acts as a
compressor feed line to supply the nitrox permeate to a compressor inlet.

3. Claim 29 Is Not Literally Infringed.

100. The Court concludes that Defendant's system does not literally infringe claim 29 because it fails to
infringe independent claim 23 and dependent claim 24, upon both of which claim 29 depends. See
Wolverine World Wide, 38 F.3d at 1199.

101. However, assuming arguendo that the Court had found that claims 23 and 24 were infringed, then the
Court would have found claim 29 infringed because the conventional oxygen analyzer connected to the
permeate outlet of the membrane in Defendant's device does satisfy the narrowed limitation found in
dependent claim 29 for the means for detecting and measuring oxygen concentration in the permeate nitrox.

M. Doctrine of Equivalents.

102. Having found no literal infringement, the Court now considers whether infringement exists under the
doctrine of equivalents. The accused device may infringe the patented invention under the doctrine of
equivalents "if it performs substantially the same function in substantially the same way to obtain
substantially the same result." Graver Tank & Mfg. Co. v. Linde Air Prods. Co., 339 U.S. 605, 608, 70 S.Ct.
854, 856,94 L.Ed. 1097 (1950).

103. Infringement analysis under the doctrine of equivalents is not the same as an analysis of literal
infringement under 35 U.S.C. s. 112, para. 6, equivalents. Pennwalt Corp. v. Durand-Wayland, Inc., 833
F.2d 931 (Fed.Cir.1987). The doctrine of equivalents expands the protection of a patent claim to "[prevent]
a copyist from evading patent claims with insubstantial changes." Valmont Industries, Inc., 983 F.2d at
1043. Under para. 6, "an equivalent results from an insubstantial change which adds nothing of significance
to the structure, material, or acts disclosed in the patent specification. A determination of s. 112, para. 6
equivalence does not involve the equitable tripartite test of the doctrine of equivalents." Id.

104. On the one hand, s. 112, para. 6 narrows the potentially broad implications of claim limitation with a
means-plus-function element by finding literal infringement only where the accused device possesses an
identical or equivalent structure, material, or act recited in the patent specification and where it performs an
identical function. Id. at 1043-44. On the other hand, the doctrine of equivalents equitably expands claims
by finding infringement where an accused device possesses only insubstantial differences from the
invention. Id. To avoid conflicting with "the definitional and public-notice functions of the statutory
claiming requirement," the Supreme Court held that "each element containedin a patent claim is deemed
material to defining the scope of the patented invention, and thus the doctrine of equivalents must be
applied to individual elements of the claim, not to the invention as a whole. It is important to ensure that the
application of the doctrine, even as to an individual element, is not allowed such broad play as to effectively
eliminate that element in its entirety." Warner-Jenkinson Co., Inc. v. Hilton Davis Chemical Co., --- U.S. ---
-,----, 117 S.Ct. 1040, 1049, 137 L.Ed.2d 146 (1997). Moreover, the range of equivalents under the doctrine
of equivalents cannot "ensnare the prior art." We Care, Inc. v. Ultra-Mark Int'l Corp., 930 F.2d 1567, 1570
(Fed.Cir.1991). By viewing the role of each limitation against the backdrop of the entire claim, the Court is
able to decide "whether a substitute element matches the function, way, and result, of the claimed element,
or whether the substitute element plays a role substantially different from the claimed element." Warner-
Jenkinson, ---U.S. at ----, 117 S.Ct. at 1054.



[10] 105. The doctrine of prosecution history, or file wrapper, estoppel "bars the patentee from recapturing
subject matter that was surrendered by the patentee during prosecution in order to promote allowance of the
claims." Regents of the Univ. of California v. Eli Lilly and Co., 119 F.3d 1559, 1573-74 (Fed.Cir.1997)
(internal quotations omitted). If a claim has been narrowed by an amendment to avoid a prior art rejection,
the patentee may not argue that the surrendered subject matter is within the range of equivalents. Warner-
Jenkinson, --- U.S. at ---- - -—--- , 117 S.Ct. at 1049-51.

106. Because determining whether the accused device infringes the claimed invention under the doctrine of
equivalents involves deciding whether a claimed element is equivalent to an element in the accused device,
"the proper time for evaluating equivalency-and thus knowledge of interchangeability between elements-is
at the time of infringement, not at the time the patent issued." Warner-Jenkinson, --- U.S. at ----, 117 S.Ct.
at 1053. Also, a skilled practitioner's knowledge of the interchangeability between the claimed and accused
elements is relevant to the extent that it "provides content to, and limits on, the concept of 'equivalence.' "
Id. at ----, 117 S.Ct. at 1049.

N. Claim 23 Does Not Infringe Under the Doctrine of Equivalents.

[11] 107. The Court finds that Defendant's system does not directly infringe claim 23 under the doctrine of
equivalents because it does not include an equivalent for each element of the claimed invention. The Court
finds that Defendant's system includes elements equivalent to the claimed permeable membrane gas
separation system and the claimed means for detecting an oxygen concentration. However, Defendant's
system does not include an air supply to supply compressed air; an equivalent means to selectively
distribute the nitrox permeate; or an equivalent means to selectively heat and cool the compressed air before
it enters the permeable membrane.

108. The Court finds that Defendant's system does not include any element which could be equivalent to an
air supply.

109. The Court finds that Defendant's system does not include elements equivalent to a means for selectively
distributing the nitrox permeate. The relief valves located on the nitrox permeate outlet end of Defendant's
system do not perform substantially the same function as a control valve. In other words, the relief valves
cannot allow the flow of nitrox permeate to be "permitted, shut off and regulated." (See '845 patent, col. 5,
line 11).

110. The Court finds that Defendant's system does not include elements equivalent to a means for selectively
heating and cooling the compressed air before it enters the permeable membrane.

111. Plaintiff's 