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STATEMENT OF RELATED CASES
There are no related cases.
STATEMENT OF JURISDICTION

The judgment of the district court is final and was entered on February 18,
2011. A43-44. Appellant, Pei-Herng Hor, timely moved for a new trial on March 18,
2011. A57. The district court denied the motion for new trial on July 13,2011. A57.
Hor timely filed his notice of appeal on August 9, 2011. A607-609.

The district court had exclusive jurisdiction to hear this case pursuant to 28
U.S.C. § 1338(a) becauée this case is an action to correct inventorship of a patent
under 35 U.S.C. § 256.

This Court has jurisdiction over this appeal pursuant to 28 U.S.C § 1295(a)(1).




STATEMENT OF THE ISSUES
Issue No. 1

The district court erred in holding that Hor’s claim to correct
inventorship under 35 U.S.C. § 256 was barred by laches because there
is no express requirement of diligence in §256, and Hor did not have a
claim to correct inventorship of the patents-in-suit under §256 until after
the patent was issued, and he filed suit within three years after the patent
1ssued.

Issue No. 2

Assuming that the doctrine of laches applied, the district court erred in
finding that Hor unreasonably delayed filing this suit and in finding
evidentiary prejudice to Chu.

Issue No. 3
The district court erred in holding that Hor’s claim was barred by the

doctrine of equitable estoppel because Chu never raised that issue and
the elements for equitable estoppel were not met.

Xi



STATEMENT OF THE CASE

Appellant, Pei-Herng Hor, sued Appellee, Ching-Wu Chu, pursuant to 35
U.S.C. § 256 to correct inventorship of two patents: (1) No. 7,056,866 issued on June
6, 2006 ; and (2) No. 7,709,418 issued on May 4, 2010. Addendum 4 and 5.

Chu moved for summary judgment against Hor. Chu argued that Hor’s claims
of inventorship were barred by the doctrine of laches and also failed for lack of
corroboration. A133-193,

The district court granted Chu’s motion for summary judgment based on
laches. Consequently, the court did not decide Chu’s motion for summary judgment
based on lack of corroboration. The court sua sponte further ruled that Hor’s claims
were barred by the doctrine of equitable estoppel. See Hor v. Chu, 765 F. Supp. 2d

903 (S.D. Tex. 2011); A10-44.
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STATEMENT REGARDING ORAL ARGUMENT
Appellant believes that oral argument would aid the Court in deciding this
appeal because: (1) the district court applied the doctrine of laches in a manner that
has not previously been approved of by this Court; (2) the underlying facts of the case
are somewhat complicated; and (3) the issue is of importance to the general public.

STATEMENT REGARDING CONFIDENTIALITY
Pursuant to order of the district court, the deposition of Appellee Chu and
certain documents produced during discovery have been designated as confidential.
A1l-9. However, none of Appellants’ responses to Chu’s motions for summary
judgment were filed under seal or designated as confidential. A455-482; 483-522;
529-560. Appellee, Chu has agreed that because the facts presented in Appellants’
briefs do not include any statements that were previously filed in a confidential form
with the district court, that Appellants and Appellee should not be required to file
confidential briefs in this Court and that it would be a waste of time and resources for
the parties and the Court to file confidential briefs. The parties have agreed that the
items designated as confidential in the Confidential Joint Appendix to be filed with
this Court should remain confidential, and that Appellants will also file a non-

confidential Joint Appendix at the appropriate time.
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TO THE HONORABLE COURT OF APPEALS FOR THE FEDERAL CIRCUIT:

Appellant, Pei-Herng Hor (“Hor”) files his Appellant’s Brief as follows:

STATEMENT OF THE FACTS
Introduction

This case concerns the correction of inventorship of two patents for a
superconductor known as YBCO-123 and other related magnetic rare earth
superconductors. Hor conceived of the primary innovations leading to the creation
(Sf YBCO-123 and the related superconductors. Dr. Chu erroneously obtained patents
for these superconductors listing himself as the sole inventor. After the first of the
patents issued, Hor filed suit to correct inventorship of these patents pursuant to 35
U.S.C. § 256. A58-71. After the second patent issued, Hor amended his complaint
to include that patent. A118-132. |

Hor is an associate professor in the Physics Department at the University of
Houston (“UH”) who has been engaged in superconductivity research since 1982.

He has authored over 200 published papers.! A561.

' Superconductivity is a phenomenon occurring in certain materials,

characterized by zero electrical resistance and the exclusion of the interior magnetic
field (known as the Meissner Effect). Electrical resistance is a measure of the degree
to which a material opposes an electric current passing through it, and is measured
in ohms. The electrical resistance of a superconductor drops abruptly to zero ohms
when the material is cooled below its superconducting transition temperature (“T.”).
An electric current flowing in a loop of superconducting wire can persist indefinitely
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In 1986, Hor was a graduate student in the UH Physics Department and a
Research Assistant in Chu’s research group. The group focused on researching
materials that would become superconducting at high temperatures. A561. Hor
planned to begin work at Bell Labs as a post-doctoral fellow in the spring of 1987.
However, Chu requested that he remain at UH as the alternate Principal Investigator
of the research group because Chu was beginning a one year term as a Program
Director at the National Science Foundation (“NSF”) in Washington D.C. in the Fall
of 1986. A561-562. This full-time position required Chu to be away from UH for
much of the time for a year beginning in September of 1986. A561-562. Hor agreed
tostay at UH. A561; 1045-1049. During Chu’s one year assignment at NSF, Hor had
full authorization to lead the research group, and was responsible for the work of the
group. A562; 2120.

Bednorz and Miiller Discover the La-Ba-Cu-O Superconductor
In November 1986, Ruling Meng (“Meng”), a member of the research group,

obtained a paper published by J. Georg Bednorz and K. Alexander Miiller describing

with no power source. Superconductors with a T, higher than the boiling point of
liquid nitrogen, approximately 77° Kelvin (“77K”), are commercially important
because liquid nitrogen can be produced cheaply and is not prone to problems
exhibited by other cooling agents. The liquid nitrogen could then be used to cool the
superconductor to its T.. Superconductors with a T, above 77K are commonly
referred to as High Temperature Superconductors. A561.
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a La-Ba-Cu-O system (Lanthanum, Barium, Copper and Oxygen) displaying a high
superconducting T,. A2243;1906-1910;2111. Chu and Hor reviewed the paper and
began work on the La-Ba-Cu-O system. A562; 2243. Bednorz and Miiller did not
identify the specific composition of the La-Ba-Cu-O system, but rather indicated that
it was prepared according to a nominal 555 formula — that is a ratio of Barium to
Lanthanum to Copper of 5:5:5. A1251-1256; 2255.

Meng’s background was in material science and she was primarily responsible
for synthesizing samples. She began synthesizing samples of La-Ba-Cu-O based on
the nominal 555 formula. AS562; 2111; 2165-2167; 2255-2257; 2260. Early
experiments showed a large increase in T, occurring in La-Ba-Cu-O samples that
were subjected to high pressure — resulting in a Physical Review Letters paper in
which Hor was listed as the second author after Chu. AS562; 1050-1053.

The successful high pressure results prompted the research group to mimic
physical pressure by changing the chemical composition of the La-Ba-Cu-O system
through replacement of the larger Barium (Ba++) ions with smaller Strontium (Sr++)
and Calcium (Ca++) ions. Using “chemical pressure” to mimic physical pressure
is well-known in the field of high pressure material research. A562. A Strontium
substitution increased T, to about 42K, but a Calcium substitution actually decreased

T.. A562;1050-1053; 2120-2121; 2250.



Hor Conceives of Yttrium Substitution

In early January 1987, Hor had a discussion in his office with M. K. Wu,?
Meng, and Li Gao (a UH graduate student) regarding where their research should go
after Calcium substitution proved to be a dead end. Hor took out a periodic table of
the elements in an attempt to identify new substitutions to La-Ba-Cu-O to enhance
T,. At that point, he conceived of the idea of replacing the element Lanthanum
(La+++) with the iso-valent element Yttrium (Y+++) ion. This idea resulted in the
creation of a YBCO (Yttrium-Barium-Copper-Oxygen) compound (made initially by
Wu) that exhibited superconductivity above 77°K. A241-242; 562-563;2122,2124,
2156-2157.

After this discussion, Meng ordered Yttrium for the research group to begin
Yttrium substitution experiments, but because it was during UH’s winter break, the
order was not placed until January 12, 1987.> A1270; 2123-2124. Hor asked Wu to

also begin work on Yttrium substitution. A562-563. Meng also suggested that Wu

2 Wu was a former graduate student of Chu who, at the time, was a faculty
member at the University of Alabama at Huntsville. Chu asked Wu to assist the
group primarily in substituting Strontium for Barium in the La-Ba-Cu-O system.
A2247; 2249; 2266.

3 Chu claims that the Yttrium oxide order was placed at his request after he
allegedly instructed Meng to order Yttrium and Lutetium oxides in mid-December
1986. A2263;2274. Meng disputed this testifying that if Chu had asked her to place
this order then, she would have done so immediately. A2123-2124.
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should work on Yttrium substitution; asking that when he went back to Alabama to
get Yttrium oxide from “NASA in Alabama so we can start the work soon.” She did
this because it would take her two weeks to get yttrium oxide. A2156-2158. Hor also
asked Meng to record formulas for conducting the Yttrium substitution experiments,
which she did on about January 14, 1987. A563. Chu was not at the meeting in Hor’s
office. A1538;2275. However, he has repeatedly confirmed that this meeting took
place and attempted to use it as evidence of his conception of YBCO to defeat Wu’s
claim of inventorship in a patent interference proceeding filed by Wu.* A988-1013;
1404; 1439-1440; 2275.
January 29, 1987 — The First YBCO Superconductor

On January 29, 1987, Wu called Chu to report he had observed a reproducible
superconducting T, above 77K. Chu described the events of that day as follows:

I received an exciting call from Maw-Kuen [Wu] from UAH at about 5

p.m., on January 29, 1987. He informed me that he and his students, Jim

Ashburn and C.J. Torng, had just observed a reversible sharp R-drop

[resistivity] starting at 90°K, and finishing at about 77°K in two of their

samples. All of us were ecstatic, since stable and reversible

superconductivity might finally have been achieved, provide a Meissner

effect could be detected. Right before he called me, Maw-Kuen had also

phoned Peiherng [Dr.Hor] about their exciting observation. Without
divulging information about the elements of their samples, Maw-Kuen

* The interference proceeding was styled Maw-Kuen Wu and James R.
Ashburn v. Ching Wu Chu; Patent Interference No. 102,247; Before the Board of
Patent Appeals and Interferences. A930-956.
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told Peiherng, “We just did what we discussed previously (in Houston

in early January).” Peiherng, Ruling and I reviewed all our previous

data and decided to make a few new samples containing the newly

arrived Y and Yb oxides.
A1950;2253-2254.

After his conversation with Wu, Chu asked Hor to write down the elements that
he and Wu had discussed in Houston. A2275. Hor wrote down formulas which
included the Yttrium and Scandium substitution for Lanthanum in La-Ba-Cu-O and
were based on a nominal 214 composition. A563. Hor’s formulas were then recorded
by Meng in her laboratory notebook dated January 29, 1987. AS563; 1271-1281;
2122; 2126;2161; 2174-2175.

Wu came to Houston on January 30, 1987 with a sample prepared to a nominal
214 formula and with the composition of Y, ,Ba, ;Cu0O,. Measurement of the sample
showed reproducible T, above 77K. Hor measured the Meissner effect which
indicated the resistivity transition observed by Wu was a genuine superconducting
transition, and that a superconductor with a T, above liquid nitrogen temperature
existed in Y, ,Ba,,Cu0,. A563-564; 1988-1989.

In the Physical Review Letter paper published as a result of the discovery of

YBCO, Wu was the first author of the Alabama group and Hor was the first author

of the Houston group. A664-667; 2252-2253. “Typically, the first author in an



article like this is the person who has most directly contributed to the actual technical
information that is contained in the paper.” A2199.’
The Chemical Composition and Structure of YBCO
At the time of the discovery, the chemical composition and structure of the
YBCO superconductor were not known. The precise chemical formula and crystal
structure (or stoichiometry) of the YBCO superconductor was identified by a group
working with Robert Hazen and David Mao at the National Geophysical Laboratory
in Washington, D.C. A2184-2185;2187-2192;2266, 2269. To assist Hazen’s group,
Chu, Meng and Hor worked together and successfully separated high purity YBCO
samples exhibiting T, of 90K. A564; 2268-2269. The stoichiometry was determined
to be Y,Ba,Cu,;0; which is commonly referred to as the 123 phase. A2193-2194,
2208. The crystal structure was determined through a complicated process of x-ray
single-crystal diffraction analysis and was determined to be a square-planar structure.
A610-627; 2209-2210; 2269. On March 5, 1987, Hazen informed Chu of the
preliminary results of his team’s analysis of the crystal structure of YBCO. A2090;
2196-2197. On March 8, 1987, Hazen first wrote up the details of the structure and

phase of YBCO-123. A2091-2104; 2198-2199.

> On at least five other patents obtained by Chu, the first author on the related
paper is always named as a co-inventor. A564.
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Hor Discovers a Series of Magnetic Rare-Earth Superconductors

After the YBCO 123-phase had been identified, Hor continued to perform
experiments in an attempt to discover why YBCO-123 was a superconductor with
such a high T.. AS564. At that time, it was well known among superconductor
researchers that substitution of magnetic elements in a superconductor would lower
the T, a phenomenon known as the “pair-breaking effect.” Physicists working in the
field of superconductors would not have substituted magnetic elements into a
superconductor expecting to increase T,. A2267-2268.

On or about March 11 or 12, 1987, Hor asked Meng to completely replace
Yttrium in YBCO-123 with the magnetic rare earth element Gadolinium in order to
study the pair-breaking effect due to the presence of magnetic ions. A564; 1674-
1675; 2125. Gadolinium is the most magnetic of the rare-earth elements and
therefore, it is the element used to begin “pair breaking” or “magnétic doping”
experiments. A2264, 2274. When the Gadolinium compound was tested for
superconductivity on March 15, 1987; it was found to be an HTS with a T, around 85-
90K, and thus, no “pair breaking” had occurred. A564; 1117. Hor was surprised by
the result because he had expected that if the Gadolinium-123 could form, the T,

would have been reduced or even completely suppressed by inclusion of the magnetic



element Gadolinium. Instead, the transition temperature was similar to that of
YBCO-123. A564-565.

As a result of the Gadolinium experiment, Hor conceived the idea that
substitution of the other magnetic rare-earth elements for Yttrium in the 123-phase
would also produce new high temperature superconductors. A564. Hor asked Meng
to perform complete substitution of Yttrium with the magnetic rare-earth elements in
the periodic table, and several new superconductors were discovered. A564. The lab
records clearly show that once the result of the Gadolinium experiment was obtained,
an entire series of new magnetic rare-earth superconductors was created and tested.

The History of the Patents-in-Suit

The two patents at issue in this case are U.S. Patent No.7,056,866 (“866
Patent”) and No.7,709,418 (“418 Patent”). Addendum 4 and 5. Chu initially filed a
patent application on January 12, 1987 followed by continuations-in-part on January
26, 1987 and February 6, 1987, A634-663. These applications were based, in part,
on Hor’s conception of Yttrium substitution for Lanthanum as a means to produce
high temperature superconductors. In these applications, Chu erroneously listed

himself as the sole inventor. A563; 1054-1078. Hor had no actual knowledge that

% See Docket No. 82 at n. 11 for a complete listing of the magnetic rare-earth
superconductors discovered by Hor. A544-545.
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Chu had filed patent applications at that time. A563. After the previous applications
were abandoned, the actual application for the ‘866 Patent was filed on March 26,
1987 and was assigned to UH. A610-627. The application for the ‘418 Patent was
filed on January 23, 1989, and was also assigned to UH. A628-633.

It 1s undisputed that Hor had no actual knowledge of the filing of an
application for the ‘418 patent until May 2, 2007, when Chu mentioned it in response
to Hor’s internal grievance against Chu at the UH. AS566; 1911-1935,

Chu Was Responsible for Communicating Facts to the Patent Attorneys

Charles Cox was the primary patent attorney for UH (the assignee of the
patents-in-suit) in prosecuting the patent applications and in later defending Chu in
an interference proceeding filed by M.K. Wu and the University of Alabama -
Huntsville. A930-956; 2249; 2283. Chu executed a Declaration and Power of
Attorney for the ‘866 Patent Application and the ‘418 Patent Application, which
appointed Cox as one of'the attorneys to represent Chu during the prosecution of each
application. A566;1247-1251. Chu was primarily responsible for communicating the
facts and technical information regarding the ‘866 Patent to Cox. A2251. Chu
claims that Cox made the decision who would be named as an inventor based on the
data provided him. According to Chu, this data was provided by himself and Meng.

Hor did not provide any data to Cox. A2261. In his writings and publications, Chu

10



credited Hor for much of work in discovering the patented compounds, but never
communicated similar information to Cox. A2039-2041; 2265, 2267.
Chu Assures Hor

In 1987 or early 1988, Hor, Chu and Meng met with Cox to discuss their
respective contributions to the superconductors that are the subject of the
patents-in-suit. A566.” Hor did not know at the time of this meeting that Chu had
already filed a patent application. Rather, Hor thought the purpose of the meeting was
to assist in filing a patent application for YBCO-123. AS566. In this meeting, Cox
asked who was the first person to propose a substitution of Yttrium. Chu pointed to
Meng and asked her if she remembered that he had called her and told her to do
Yttrium substitution. Meng, not wanting to embarrass Chu, replied that she did not
remember. Hor, also not wanting to embarrass Chu, stated that he did not remember
either. Cox stated that it seemed from the discussion that no one seemed to remember
who was the first to come up with the idea. At that point, Chu stated that Hor and

Meng should be included as inventors. Cox replied that not everyone can be an

7 Although his memory regarding almost all other events at issue in this suit is
reasonably clear, Chu claimed to have a limited recollection of this meeting,
testifying that the “origin of Yttrium” was discussed and that he asked Meng if she
remembered he had called her in mid-December of 1986 about Yttrium. Chu also
remembers that Hor left the meeting possibly because he was upset with Chu claiming
conception of Yttrium substitution and that Chu followed him and told him that he
was going to talk to the lawyer. A2278.
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inventor and that a “pair of hands” cannot be considered as an inventor. A221;2170-
2171.

Hor left the meeting because he was disturbed by Cox’s comment. Chu
followed him outside, apologized saying, “I am sorry. This lawyer does not know
anything about our group. I will go back to tell him and straighten things out. A221.
Hor took Chu at his word. AS566-567. After the meeting with Cox, Chu never
discussed either patent application with Hor, and never told Hor that he was not listed
as a co-inventor on the patents. A567.%

The Wu Interference

In 1990, M. K. Wu and the University of Alabama at Huntsville initiated an
interference proceeding that was defended by Cox. A930-956. In essence, Wu
claimed that he had independently created YBCO-123. During the Wu Interference,
Chu signed a declaration that he conceived of the substitution of Yttrium for
Lanthanum in the La-Ba-Cu-O superconductor in mid-December of 1986. In an

earlier draft of this declaration, it is obvious that practically all references to Hor were

® From this evidence, the district court concluded that Hor must have known
that Cox considered him to be a “pair of hands” and not an inventor. Hor, 965
F.Supp2d at 916. However, there is no indication as to who Cox was referring to as
a “pair of hands” or that Hor even really understood what that term meant at the time.
Hor was completely unfamiliar with the patent process at that time. But Hor
considered a “pair of hands” to be a very insulting term. AS566-567.
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eliminated. A2271-2273. Chu never told Hor that he had signed this declaration, or
that he was now claiming sole inventorship of the ‘866 Patent, or that his declaration
had been edited to almost completely erase Hor from the picture. A567.

Hor’s only involvement in the Wu Interference was a meeting with Cox and
John Warren, UH Vice-President for Intellectual Property, in which Hor was asked
to describe what had happened in the meeting with Meng and Wu in late 1986 or
early 1987 where Hor had conceived of the idea of substituting Yttrium for
Lanthanum in La-Ba-Cu-O. Hor signed a declaration stating that at this meeting he
and Meng “discussed the concept that substitution of Y for La in a composition of La-
Ba-Cu-0O[.]” A567. To Hor, this statement was consistent with his understanding that
he was at least a co-inventor of YBCO-123. Chu and Cox never told Hor that they
were using his declaration to support Chu’s claim that he was the sole inventor of the
‘866 Patent. If that information had been communicated to Hor, he would not have
signed the declaration in that form. After this, Hor had no further involvement with
the Wu Interference or Cox. A567.

Meng Comes to Hor in January of 2006
After 1993, Hor had little involvement with Chu. At that time, Hor formed his

own Novel Materials research group focused on the study of materials with unusual
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physical properties. Hor and Chu rarely, if ever, spoke to each other and Chu was
absent from UH for long periods of time while serving at foreign universities. A567.

On January 19, 2006, Meng came to Hor’s office to apologize to him for not
speaking the truth about the discovery of YBCO. Meng told Hor that her conscience
had been bothering her for many years and that she wanted to speak out. A222. She
also told him that neither of them were listed as inventors on the ‘866 Patent
application. On January 27, 2006, Hor and Meng went to John Warren, UH Vice
Chancellor for Intellectual Property, who confirmed that they were not listed as
inventors on the ‘866 Patent. This was the first time that Hor had actual knowledge
that he was not named as a co-inventor. A567.

On February 1, 2006, Hor and Meng met with UH’s outside counsel, Lester
Hewitt and other members of UH administration to discuss Hor's and Meng's
inventorship claims concerning the ‘866 Patent Application. A567.

UH Claims It Will Investigate the Issue of Inventorship

On February 21, 2006, an Information Disclosure Statement (“IDS”) was filed
during prosecution of the ‘866 Patent Application. The IDS included communications
from Hewitt to Meng and Hor concerning their inventorship claims discussed during

the meeting on February 1, 2006. Hewitt represented that UH would “make a fair and
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complete investigation” of Hor’s and Meng’s inventorship claims.” A567, 1187-
1197.

On February 22, 2006, a Petition to Suspend the Rules Under 37 C.F.R. 1.183
(the “Petition”) was filed during prosecution of the ‘866 Patent Application to hold
the ‘866 Patent Application in suspension for a period of six months from the grant
ofthe Petition while UH investigated the inventorship claims. A567-568; 1181-1186.
In the Petition, UH represented that “if there is a need to correct inventorship and, if
a need to correct inventorship is determined, assignee cannot estimate the likelihood
that all parties will agree.” Al185.

On March 14, 2006, Hor and Meng each presented an affidavit to UH during
another meeting concerning their inventorship claims in which they described their
respective contributions to creation of YBCO-123 and the related superconductors
and their meetings with Cox. A238-245; 568; 1203-1246.

In her affidavit, Meng recalled the meeting with Cox, Hor and Chu. Meng also
described another meeting with Cox a couple of months later to discuss inventorship

where Cox suggested that if she did not confirm that Chu told her to substitute

? The district court erroneously concluded that when Hor and Meng
approached UH officials in January of 2006 they inquired about inventorship of both
patents and were advised that they were not inventors on both patents. The evidence
is undisputed that Hor did not learn of the ‘418 patent until 2007, and the patent did
not issue until May 10, 2010. A566.
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Lanthanum with Yttrium, then UH “would lose the patent to University of Alabama.”
A243.

On March 15, 2006, another IDS was filed during prosecution of the '866
Patent Application, which included the Meng Affidavit and the Hor Affidavit. A568,
1203-1246. On March 15, 2006, an IDS was filed during prosecution of the ‘418
Patent Application, which included information submitted during prosecution of the
‘866 Patent Application in the February 21, 2006 IDS and the March 15, 2006 IDS.
AS568.

The Patents Issue

On June 6, 2006, the ‘866 Patent issued. A610-627. On May 4, 2010, the ‘418
Patent issued. Chu was the only named inventor for both patents. The range of
superconducting compositions covered by the ‘866 and ‘418 Patents include
compositions conceived of by Hor. A610-627.

Hor Attempts to Resolve the Matter Internally at UH

After the ‘866 Patent issued, Hor attempted to resolve his claims of
inventorship for that patent by filing a grievance pursuant to UH's internal policies
and grievance procedures. AS568; 1259-1265. At the time of he submitted his

grievance, Hor was unaware of any facts concerning the ‘418 Patent. A566.
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Hor was rebuffed in his attempt to resolve this matter internally within UH. On
April 17,2006, the University Grievance committee held one informal hearing. After
that, the committee recommended that UH form a special grievance committee with
particular expertise to hear Hor’s grievance. Despite repeated requests from Hor, UH
administration refused to form another grievance committee, and as a result, refused
to allow the grievance process to go forward and no decision on Hor’s grievance was
reached. A568;1156-1180. After failing to resolve his claims through UH’s internal
grievance procedures, Hor filed his original complaint on December 5, 2008 secking
to correct inventorship under 35 U.S.C.§ 256. AS5S8-71.

SUMMARY OF THE ARGUMENT

Hor sued to correct inventorship under 35 U.S.C. §256. A claim under §256
does not arise and federal courts have no jurisdiction to hear such claims until after
a patent has issued. Section 256 does not expressly limit the time during which
inventorship can be corrected, and there is no requirement of diligence as a matter of
law for claims brought under §256 or the implementing regulations. As such, the
period of delay for purposes of laches cannot begin before a plaintiff’s right to sue
accrues, and the existence of other possible methods to correct inventorship cannot
act to bar a clear statutory right to correct inventorship that accrues only after a patent

has issued.
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The district court erred in broadly defining the term “claim” for purposes of
laches, to encompass any possible claim that Hor might have had to correct
inventorship at any time. In reaching this holding, the district court relied on non-
precedential lower-court decisions that failed to adequately analyze this Court’s
precedents and which in turn relied on outdated law.

This Court has held that there is no per se requirement that an omitted inventor
diligently bring a lawsuit under §256, but that diligence must be determined on the
facts of the case. Hor acted diligently, because he first attempted to resolve the issue
of inventorship through the internal grievance procedures of UH, his employer and
the licensee of the patent. When UH refused to hear his grievance, he timely sued
within less than three years after issuance of the patent.

Assuming that laches attached such that Hor was required to act diligently to
correct inventorship before his right to sue for correction of inventorship accrued
under §256, the district court erred in finding unreasonable delay and evidentiary
prejudice as a matter of law.

The evidence established that Hor acted diligenﬂy and that any delay in filing
suit under §256 was not unreasonable. Hor acted reasonably in trusting Chu to
“straighten things out” with UH’s patent attorney regarding invention of YBCO-123,

because Hor was a long-time collaborator of Chu, and was the alternate Principle
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Investigator for the research group at the relevant time. Hor could have reasonably
believed he was named as an inventor because he was paid $137,000 by UH for his
contributions to the invention, he was named as the first author on all of the relevant
scientific publications, and Chu consistently credited him in writing for the discovery
of YBCO-123 and the related magnetic rare earth superconductors.

The evidence also established that there was no evidentiary prejudice. The
discovery of YBCO-123 was well-documented in contemporaneous lab records and
scientific papers. Chu himself wrote several accounts of the history of the discovery
over the course of ten years. One of Chu’s collaborators, Hazen, wrote a book about
the discovery which all parties used in discovery. Hazen’s papers were preserved and
available for all parties to examine. The deposition testimony of the primary
witnesses, Chu, Hor, Meng and Hazen all demonstrate a reasonable ability to
remember the critical facts of the case. Only one possible witness has since died and
he was a graduate student who had no direct involvement in the discovery of the
inventions.

The district court erred in finding that Hor’s claims were barred by equitable
estoppel. There is no evidence of any intent by Hor to mislead Chu or UH sufficient

to invoke estoppel, and again Chu failed to establish evidentiary prejudice.
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At a minimum, there were clearly genuine issues of material fact which

precluded granting summary judgment based on laches and equitable estoppel.
ARGUMENT
The Standard of Review for Summary Judgment

This court reviews a district court’s grant of a motion for summary judgment
without deference, applying the summary judgment standard anew. See Atmel Corp.
v. Info. Storage Devices, Inc., 198 F.3d 1374, 1378 (Fed.Cir.1999). A motion for
summary judgment lies only when there is no genuine issue of material fact. See
Southern Distributing Co. v. Southdown, Inc., 574 F2d 824 (5™ Cir. 1974). The court
cannot weigh disputed evidence, decide questions of credibility or draw inferences
about knowledge and intent of parties from conflicting evidence adversely to the
nonmovant because these are the exclusive functions of trier of fact to be discharged
after consideration of testimony and evidence presented in an adversarial trial
environment. See Hanover Ins. Co. v. American Engineering Co., 33 F.3d 727, 730
(6™ Cir. 1994). Courts should not credit evidence offered by the movant that comes
from interested witnesses - such as Chu. See Reeves v. Sanderson Plumbing
Products, Inc., 530 U.S. 133, 150-51 (2000). And cases that turn on witness
credibility should not be resolved on summary judgment. See Bazan v. Hidalgo

County, 246 F.3d 481, 492 (5th Cir, 2001). Finally, a court may only reach factual
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conclusions on summary judgment if they are the “the only reasonable
interpretation”of the record. Blow v. City of San Antonio, 236 F.3d 293,297 (5th Cir.
2001).
The Patent Statute at Issue

Hor sought to be named as an inventor of the patents-in-suit under 35 U.S.C.
§256, which provides:

Whenever through error a person is named in an issued patent as the

inventor, or through error an inventor is not named in an issued patent

and such error arose without any deceptive intention on his part, the

Director may, on application of all the parties and assignees, with proof

of the facts and such other requirements as may be imposed, issue a

certificate correcting such error.

The error of omitting inventors or naming persons who are not inventors

shall not invalidate the patent in which such error occurred if it can be

corrected as provided in this section. The court before which such

matter is called in question may order correction of the patent on notice

and hearing of all parties concerned and the Director shall issue a

certificate accordingly.
This provision, enacted in 1952, is remedial in nature. Prior to its enactment, if an
inventor was erroneously named or excluded in an issued patent, the only mechanism
to correct the error was to invalidate the patent. See, €.g., Pannu v. lolab Corp., 155

F.3d 1344, 1350 (Fed.Cir.1998). Section 256 has been characterized by this Court

as a “savings provision”; it allows the correction of the patent instead of automatic

1nvalidation. /d.
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Issue No. 1 Restated
The district court erred in holding that Hor’s claim to correct
inventorship under 35 U.S.C. § 256 was barred by laches because there
is no express requirement of diligence in §256, and Hor did not have a
claim to correct inventorship of the patents-in-suit under §256 until after
the patent was issued, and he filed suit within three years after the patent
issued.

The District Court Erred in Ruling That Laches
Barred Hor’s Claims Under 35 U.S.C. §256

The district court held that the “laches period of delay may begin when a
plaintiff knew or should have known that the defendant filed a patent application
covering his alleged inventive contributions and failed to name him as an inventor.”
Hor, 765 F.Supp.2d at 916. The district court’s holding was derived primarily from
two unpublished opinions which the district court admitted were not precedential.
See, Moore v. Broadcom Corp., 2008 WL 425932 (N.D. Cal. Feb. 14, 2008) and
Frugoli v. Fougnies, 74 U.S.P.Q.2d (D. Ariz. Aug. 25, 2004).

The district court relied on Moore and Frugoli to support an expansive
definition of the term “claim.” Despite never having pled for any relief beyond
correction of inventorship under §256, the court interpreted the definition of Hor’s
claim for purposes of laches to encompass any possible action that he might have
filed to claim inventorship. Rather than confine the term claim to the actual claim

asserted by Hor under §256, the district court held that for determining the relevant
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period of delay, Hor’s claim was a general claim of inventorship. Hor,965 F.Supp.2d
at 916. The district court thus held that the laches period for purposes of Hor’s claim
under §256 began when he knew or should have know that a patent application had
been filed. Id. Without this overly broad interpretation of the term claim, the district
court admitted that the laches period could not begin any earlier than the date of
issuance of the patent. Id. at 915.

The district court committed error in this holding because: (1) 35 U.S.C. §256
does not expressly limit the time during which inventorship can be corrected, and
claims under that statute are not ripe until a patent issues; (2) this Court has explicitly
disclaimed the imposition of a per se diligence standard for actions brought under
§256; (3) the summary judgment evidence clearly raised issues of material fact as to
whether Hor acted diligently; and (4) the district court relied on a diligence
requirement formerly found in 37 C.F.R. §1.48, the implementing regulation for
actions brought under 35 U.S.C. §116, which was removed in a 1997 amendment.

In short, the district court erred in barring Hor’s claim because laches generally could

* not bar his claim under §256 until at least six years after the patent issued and he

sued well within that time.
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Laches is Measured from the Issuance of the Patent at the Earliest
Section 256 does not expressly limit the time during which inventorship can
be corrected, which serves the public policy of preserving property rights from
avoidable forfeiture. See Stark v. Advanced Magnetics, Inc.,29F.3d 1570, 1571-1573
(Fed. Cir. 1994). The district court recognized that in a suit to correct inventorship
under 35 U.S.C. §256, the plaintiff’s claim applies only to an “issued patent”and
provides a means for correction only after the patent has issued. In fact, a district
court lacks jurisdiction to adjudicate inventorship issues prior to the issuance of a
patent. Sagoma Plastics, Inc. v. Gelardi, 366 F.Supp.2d 185 (D. Me. 2005). Clearly,
a plaintiff can neither know of or even assert a claim under §256 until a patent has
actually issued. Logically, for an action under §256, laches cannot attach until the
issuance of a patent at the earliest.
This Court’s decisions do not support the conclusions reached by the district
court. In Advanced Cardiovascular Systems, Inc. v. SciMed Life Systems, Inc., 988
F.2d 1157, 1161 (Fed. Cir. 1993) this Court held that an inventor's claim under 35
U.S.C. §256 claim cannot arise until the patent issues. This Court held that under
§256 inventorship may be corrected at any time and, in that case, the time for
measuring laches runs from the date the alleged inventor knew or should have known

that the patent issued. 1d.; see also Studio & Partners v. KI, 2007 WL 3342597 at *5
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(E.D. Wis. 2007) (following Advanced Cardiovascular and finding that a correction
of inventorship claim accrued only when patents were issued. “In other words, the
correction of inventorship claim arises only when there is something in an existing
patent to ‘correct’.” ).

In Advanced Cardiovascular, there was no indication that the omitted inventor
knew of the existence of patent applications prior to issuance of the patent. However,
the Court expressly drew an analogy to suits for patent infringement, noting that in
those actions the period of delay is measured from when the patent owner knew or
should have known of the infringement. Id. at 1161, citing A.C. Aukerman v. R.L.
Chaides Construction Co., 960 F.2d 1020, 1032 (Fed. Cir. 1992). This Court in
Aukerman, however, held that the “period of delay . . . does not begin prior to
issuance of the patent.” Id. citing, Bott v. Four Star Corp., 807 F.2d 1567, 1575
(Fed.Cir.1986) and Studiengeselischaft Kohle mbH v. Eastman Kodak Co., 616 F.2d
1315, 1326 (5th Cir.), cert. denied, 449 U.S. 1014 (1980); see also Watkins v.
Northwestern Ohio Tractor Pullers Ass'n, Inc., 630 F.2d 1155, 1161 (6" Cir. 1980)
(“If the patentee has no right to sue until he has the patent, then waiting until the
patent issues, even with full knowledge of an alleged infringer's activities, cannot be
an unreasonable delay. . . .[T]he six-year period cannot start running before the issue

date of the patent.”). The same rationale should apply to actions to correct
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inventorship §256 because there is no right for the omitted inventor to sue to correct
inventorship and nothing to correct under that statute until the patent issues.
Logically, the period of delay for purposes of laches cannot begin before a person had
the right to sue under the applicable statute. A clear statutory right to sue to correct
a patent after it has issued should not be eviscerated by the existence of other possible
rights to sue prior to issuance of a patent.

The District Court Erred in Relying on Moore and Frugoli
to Define the Term Claim and Find that Laches Barred Hor’s Claims

The primary cases cited by the district court, Moore v. Broadcom Corporation,
2008 WL 425932 (N.D.Cal. 2008), and Frugoli v. Fougnies, 74 USPQ2d 1716,
1719-1722 (D. Ariz. 2004), fail to take into account the critical holding from this
Court’s decision in Aukerman. In Frugoli, the court cites Aukerman, but only for the
proposition that the time period begins when one reasonably should know of his or
her purported rights. 74 USPQ2d at 1722. In Moore, the court at least acknowledged
that Aukerman holds that the period of delay for a patent infringement action cannot
begin before the patent issues, but then goes on to misread the decision in Advanced
Cardiovascular as supporting a holding that the period of delay can be measured
from a time before the patent issued. 2008 WL 425932 at *3. Advanced

Cardiovascular actually holds that the date of the issuance of the patent does not start

26



the period of delay if the omitted inventor does not have actual knowledge that the
patent has been issued. 988 F.2d at 1161. Thus, the primary decisions relied on by
the district court are clearly deficient in their analysis of this Court’s precedents.

The district court’s reliance on the holdings in Moore, 2008 WL 425932 and
Frugoli, 74 U.S.P.Q. 2d 1716, was further misplaced because those cases are based
on a misunderstanding of the underlying statute and regulations.

In Moore, the district court relied primarily on its interpretation of this Court’s
decision in Advanced Cardiovascular, 988 F.2d 1157 and diligence requirements
found in 35 U.S.C §116 which provides a method to correct inventorship prior to
issuance of a patent.

While not discussed in Advanced Cardiovascular Systems, pursuant to
35 U.S.C. § 116, correction of inventorship may be accomplished prior
to the issuance of a patent by application to the commissioner. See 35
U.S.C. § 116; 37 C.F.R. § 1.48. In addition, an action to correct
inventorship while the patent application is still pending, under 35
U.S.C. § 116, includes the requirement that such amendment must be
diligently made. See 37 C.F.R. § 1.48; Stark v. Advanced Magnetic, Inc.,
29 F.3d 1570, 1574 (Fed.Cir.1994). The requirement of diligence
supports a finding that delay is discouraged, and laches may apply, even
at these early stages. Thus, the rationale of Advanced Cardiovascular
Systems, that laches may apply at any time that inventorship may be
remedied but should not apply before the omitted inventor has learned
of the claim, applies in equal force to the time during which a patent
application is pending, but before it is issued.

Moore, at *4.
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In broadly defining the term “claim” to encompass more than Hor’s claim
brought under §256, the district court relied on the statement in Moore that an action
for correction of inventorship could be pursued under 35 U.S.C. §116 while the
patent application was pending and that such actions required diligence under 37
C.F.R. §1.48. Hor, 965 F.Supp.2d at 915. The district court in effect held that Hor’s
claim under §256 was also a “claim” under §116, and that, because a lack of diligence
could bar a §116 claim, the mere issuance of a patent could not revive that same claim
under §256. Hor, 965 F.Supp.2d at 916.

However, the diligence requirement on which the district court and Moore
relied has not existed since 1997. “As of December 1, 1997, however, the requirement
that an amendment of the inventorship under section 1.48 be made ‘diligently’ has
been removed.” Schulze v. Green, 136 F.3d 786, 789, n.3 (Fed. Cir. 1998). This
change in law eviscerates the primary rational cited for laches in Moore and, thus, the
district court’s reliance on Moore is questionable at best.

A different regulation governs the correction of inventorship of issued patents
and it does not contain a diligence requirement:

Whenever a patent is issued and it appears that the correct inventor or

inventors were not named through error without deceptive intention on

the part of the actual inventor or inventors, the Commissioner may, on

petition of all the parties and the assignees and satisfactory proof of the
facts and payment of the fee set forth in § 1.20(b), or on order of a court
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before which such matter is called in question, issue a certificate naming

only the actual inventor or inventors. A request to correct inventorship

of a patent involved in an interference shall comply with the

requirements of this section and shall be accompanied by amotion under

§ 1.634.

37 CF.R. § 1.324.

The comments to the 1997 rule change make clear that the purpose of
amending §1.48 was to harmonize it with the long-standing provisions of §1.324. See
62 Fed. Reg. 53,132 (October 10, 1997). The Rule publication first provided that:
“Section 1.48 is amended in its title to clarify that the section concerns patent
applications, other than reissue applications, and not patents.” Id. at 53,137.
Additionally, the Final Rule expressly states that “[t]he requirement that any
amendment of the inventorship under §1.48(a) be ‘diligently’ made has been
removed.” Id. at 53138. Thus, §1.48 and §1.324 are independent regulations
governing correction of inventorship in separate contexts. The Final Rules expressly
considered and rejected imposing a “diligence” requirement on § 256 (§1.324):

Section 1.324 is amended by creating paragraphs (a) and (b). The

requirement for factual showings to establish a lack of deceptive intent

is deleted, with a statement to that effect being sufficient, paragraph (a).

Office practice is to require the same type and character of proof of facts

as in petitions under §1.48(a). . .. Unlike former §1.48, former §1.324

contained no diligence requirement. See Stark v. Advanced Magnetics,
Inc., 29 F.3d 1570, 1574 (Fed. Cir. 1994). Section 1.324 (and § 1.48) as
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adopted contain no diligence requirement, for the reasons set forth in the
discussion of §1.48.

Id. at 53171.

As this Court noted in Stark v. Advanced Magnetics, Inc., 119 F.3d 1551,
1553-54 (Fed. Cir. 1997), to the extent that the language of §116 and §256 lead to
different and, arguably, inconsistent results, only Congress has the power to resolve
the conflicts. The district court clearly erred to the extent that it used the rationale put
forth in Moore as a basis to bar Hor’s inventorship claims under §256 for any
perceived action or inaction while the patent applications were pending.

In Frugoli, 74 U.S.D.Q. 2d 1716, the court was clearly influenced by the
posture of the case in finding that laches barred Frugoli’s claim. The patent in that
case involved software to facilitate sales and service of prepaid wireless cellular
phone airtime to credit-challenged customers. Id. at 1178. The facts established that
Frugoli only brought a claim to correct inventorship under §256 after he was
approached by Verizon Wireless, a direct competitor for the phone services facilitated
by the patented software. Verizon paid Frugoli $200,000 up-front in exchange for
any rights Frugoli might have in the patent and Frugoli agreed to bring the lawsuit for
correction of inventorship. The lawsuit was financed and controllied by Verizon

which agreed to pay Frugoli additional money if the suit was successful. /d. at 1720.
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None of those factors were present here. In fact, if Hor were named as an
inventor he would be required to assign his rights to UH and any payments he
received would be according to UH policy. AS568.

In short, Moore and Frugoli are not precedential, do not adequately analyze
this Court’s decisions in Advanced Cardiovascular and Aukerman, and mistakenly
rely on outdated law. The district court erred in relying on those decisions to find that
laches barred Hor’s claims under §256.

This Court Has Expressly Disclaimed a
Per Se Diligence Requirement for §256 Claims

This Court has found that neither “35 U.S.C. § 256 nor 37 C.F.R. § 1.324 [a
regulation relating to § 256] expressly require that an omitted inventor of an issued
patent must diligently bring a lawsuit to correct inventorship or be forever barred
from doing s0.” Stark v. Advanced Magnetics, Inc., 29 F.3d 1570, 1574 (Fed. Cir.
1994). This Court noted that “lack of diligence may be an appropriate basis for
barring legal action when there is an affirmative obligation on the claimant to act
promptly and without significant pause in establishing a legal right.” Id. There was

no evidence of an affirmation obligation on Hor to act prior to issuance of the patent.

31



This Court in Stark correctly analyzed where other courts had gone wrong in
finding diligence requirements under §256. The defendant in Stark relied on two
district court opinions that had imposed a diligence requirement. Id. at 1574,
referencing, Crainich v. Feinstein, 1991 WL 259448 (N.D.Ill. 1991) and Rival
Manufacturing Co. v. Dazey Products Co., 358 F.Supp. 91 (W.D. Mo. 1973)."° This
court noted that although “these district court cases are not of precedential value, we
point out that their statements that §256 requires diligence, as a matter of law, go
beyond the statute and implementing regulation.” Id. at 1575.

In Crainich the omitted inventor knew that he was omitted from a pending
patent application, communicated with the patentee without raising inventorship
rights, and did not object until five years later when he sued to correct inventorship
under 35 U.S.C. § 256. The court found estoppel, in view of detrimental reliance by
and prejudice to the other party. “Citing Rival v. Dazey, the district court stated that
there was a diligence requirement in § 256, thus continuing the unwarranted reading
of the statute.” Stark,29 F.3d at 1575.

Thus, this Court has recognized that there is no per se diligence requirement

inherent in §256, and each case must be judged on its own facts.

% This Court found Rival to be of no guidance because the statute at that time
did not allow for correction of inventorship under the facts of the case.
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Absent any statutory or regulatory requirement of diligence in bringing
legal action to correct inventorship of an issued patent, it was error to
hold that [an] action to correct inventorship was barred for lack of
diligence as a matter of law. Whether diligent action is required in a
particular case must be determined on the facts of that case.
Id. at 1575. The facts surrounding Hor’s case clearly established that, at a minimum,
there was a genuine issue of fact regarding whether he acted diligently to pursue a

claim under §256.

The Summary Judgment Evidence Raised Genuine
Issues of Material Fact Regarding Any Diligence Requirement

This court’s decision in Stark clearly establishes that the district court erred
because there were genuine issues regarding whether Hor acted diligently. In Stark,
the plaintiff filed suit in 1992 seeking correction of inventorship on six issued
patents. Id. at 1572. The district court granted summary judgment against Stark
because he should have known of the existence of one of the patents at issue in early
1989 but failed to exercise diligence in bringing the suit about three and one-half
years later. Id. The district court measured Stark’s diligence from the time he
received an Advanced Magnetics, Inc. (“AMI”) annual report disclosing a patent
application. Stark claimed that he made inquiries of AMI soon after he received the
Report, and that he was told that the patent did not concern his work. AMI did not

contradict Stark’s claims. This Court found that under the summary judgment
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standard of review, Stark’s statements “must be accepted as true” and any
controverting evidence by AMI could only serve to place the fact in dispute. Id. at
1575-1576.
The record describes a scientific coliaboration and consulting
relationship between Dr. Stark and the AMI scientists, of several years'
duration. Whether Dr. Stark was deliberately misled by persons he had
reason to trust, and whether he behaved reasonably in failing to seek
prompt verification and diligent correction, are questions of fact. On the
averments before the district court these facts had been placed in issue,

and are material to the result. Since these facts could not be found or

inferred adversely to Dr. Stark on AMI's motion, summary judgment in

favor of AMI was improperly granted.

Id. at 1576.

Similarly, the issue of whether Hor acted diligently was placed in issue in this
case by the summary judgment evidence. As set forth in detail in Issue No. 2, Hor
relied on Chu’s assurances that misled him into believing he was to be named as an
inventor. And Hor could have reasonably believed that he was named as an inventor
because he was the alternate Principal Investigator for the group at the critical time,
he was a long-time collaborator of Chu, he was paid $137,000 for his contributions
to YBCO-123, he was named as the first author on all of the published scientific
papers resulting from the discovery of YBCO-123 and the related magnetic rare earth

superconductors, Chu consistently credited him with having been instrumental in the

discovery of YBCO-123, and no one ever told him that he was not an inventor.
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Finally, it is undisputed that Hor did not know anything about the ‘418 patent until
2007 at the earliest. A566. The district court discounted all of this evidence and
construed the evidence and inference to be drawn therefrom in favor of Chu.
Issue No. 2 Restated
Assuming that the doctrine of laches applied, the district court erred in
finding that Hor unreasonably delayed filing this suit and in finding
evidentiary prejudice to Chu.
There Was No Unreasonable Delay or Lack of Diligence by Hor
Under the appropriate standard of review, the district court erred in concluding
that Hor unreasonably delayed filing suit. In this regard, the district court construed
the evidence in the light most favorable to Chu and drew all inferences in his favor.
The primary evidence relied on by the court was Hor’s attendance at the meeting
with Chu and Cox in 1987 or 1988. Hor, 965 F.Supp.2d at 916. At that meeting,
Chu suggested to Cox that Hor and Meng should be named as inventors. When Cox
replied that not everyone can be inventor and that a “pair of hands” cannot be
considered an inventor, Hor was admittedly upset and left. When Chu followed him
and told him that the lawyer “did not know anything about our group” and that he
would “go back to tell him and straighten things out”, Hor took him at his word.

A566-567. Chu’s basic position was that Hor was wrong to trust him and should

have done something more.
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But as a long-time collaborator of Chu, Hor did trust Chu and it appeared that
his trust was well-placed. A561-562. When Chu had to leave for his one-year term
at the NSF, he made Hor the alternate Principle Investigator even though he was a
graduate student at the time. A561-562. In 1988, after the discovery of YCO-123,
Chu made sure that Hor was paid the sum of $137,000 for his contributions to the
discovery of YBCO-123 out of the funds paid by DuPont. A2246. This payment
could easily have lead a reasonable person to believe that Chu was living up to his
word and Hor could have reasonably relied on the fact that he was paid a sum more
than 3 times his annual salary to believe that he was included in any resulting patent
applications.

In addition, over the years, Chu himself consistently credited Hor as being
instrumental in the discovery of YBCO-123 and especially the related magnetic rare
earth superconductors. For example, Chu wrote the Chairman of the UH Physics
Department on October 6, 1992, to support Dr. Hor’s bid for promotion and tenure:

Over the last five years, Pei’s contributions to our research on high

temperature superconducting (HTS) and related materials have been

significant and numerous. I would like to give only a few examples of
advances that he has single-handedly made possible. He and colleagues
working under his direction discovered the whole series of the so-called

123 compounds REBa,Cu,0, [RE stands for rare-earth] — the most

important HTS compound system to date for both scientific study and
large-current applications above 77K. The results appeared in the May
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1987 issue of [Physical Review Letters] which became the most cited
physics paper in 1987 . .. and 1988.

A2039-2041.

Chu again credited Hor with discovery of the magnetic rare-earth
superconductors in a paper published in 1987:

In an attempt to identify the active elements giving rise to the 90K

superconductivity, Hor, et al. at Houston decided to employ the standard

technique of probing the superconductivity by magnetic rare-earth ions.

To our great surprise, the 90 K superconductivity in YBCO was hardly

affected at all even when Y was completely replaced by strongly

magnetic rare-carth elements such as Gd, Sm, Eu, etc.
A2035.

Finally, Hor was listed as the first author from the Houston group on all of the
relevant scientific publications regarding the creation of YBCO and the magnetic
rare-earth superconductors. A664-667;2042-2045. This position connotes that person
made the most important technical and scientific contribution to the work. A566;
2199. And the evidence established that on at least five other patents obtained by
Chu, the first author on the related paper was named as a co-inventor. A564.

Clearly, given Hor’s position in the research group at the time of the discovery
of YBCO-123, Chu’s representations to Hor, his payment of money to Hor, and his

consistent crediting of Hor for the inventions that are the subject of the patents-in-

suit, there was sufficient evidence to raise a genuine issue of fact as to whether Hor
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“behaved reasonably in failing to seek prompt verification and diligent correction”
of inventorship of the patents-in-suit. Stark, 29 F.3d at 1576.

Moreover, Hor’s actions in pursuing this action showed reasonable diligence.
Almost immediately upon learning that he was not named as a co-inventor, Hor took
action by notifying UH of his claim. A567. When UH and Chu failed to take any
action to correct inventorship, Hor attempted to resolve this matter within UH’s
internal grievance process. A1259-1265. This was met with a strong and detailed
denial from Chu. A1911-1935. And then despite repeated attempts by Hor to have his
grievance heard, UH administration prevented Hor’s grievance from going forward.
A1158-1180.

~ Finally, if Hor had attempted to act before the patents-in-suit issued to correct
inventorship, both Chu and UH would have had to effectively consent to Hor’s claim
of inventorship under 37 C.F.R. §§ 1.48 and 1.63. Given their actions in opposing
Hor both before and after the patents issued, the only reasonable inference that can
be drawn from the evidence is that neither UH nor Chu would have cooperated with
Hor in attempting to resolve this matter through the USPTO. UH has consistently
sided with Chu, has paid his attorney’s fees in this suit and in Hor’s internal grievance
at UH, and has supported Chu’s belief that Hor is not a co-inventor. A2276-2277;

1911-1935. Essentially, the district court believed that Hor should have engaged in
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a futile course of action and that his failure to do so precludes him from presenting
his case under § 256. However, an unreasonable delay cannot stem from the failure
to take actions that would have been futile and met with opposition from Chu and
UH. There was no unreasonable delay.
Hor Sufficiently Rebutted Any Presumption of Evidentiary Prejudice

The district court further erred in finding that there was evidentiary prejudice
to Chu."' The court’s decision ignored most of the rebuttal evidence offered by Hor
and the fact the discovery of YBCO-123 was one of the best documented scientific
discoveries of the last 25 years. For example, Chu not only prepared scientific papers
documenting the discoveries, but also wrote several accounts concerning the history
of the discovery of YBCO ranging from articles written in 1987 (shortly after the
discovery) until 1997 (approximately ten years after the events in question). The
work of the research group and the scientific and technical aspects of the discoveries
are well documented in these articles written by Chu. A1936-1976; 1977-1979;
2017-2033; 2034-2038; 2042-2045; 2046-2047; 2048-2062; 2063-2089. A1672-
1712,1733-1737,1747-1761 and 1779-1778. Chu was also able to capably respond

to Hor’s grievance with a great amount of detail. A1911-1935. To the extent that

"' The court correctly did not find any evidence of economic prejudice as it did
not address that issue.
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certain dates were in questions, Chu produced a copy of his calendar from the
relevant time period. A1266-1269. In addition, all of the laboratory notebooks from
the relevant time period have been preserved. A1456-1905. These notebooks provide
a wealth of detail about the experiments that led to the discovery of YBCO and the
magnetic rare earth superconductors.

The deposition testimony also demonstrated that Hor, Meng and Hazen were
also able to remember many details from the relevant time period. A2107-2181;2182-
2212;2213-2235. In addition, Hazen (whose group was responsible for identifying
the chemical composition and stoichiometry of YBCO-123) wrote a book in 1987
about many of the events in question entitled Superconductivity: The Breakthrough
which was used by all parties during discovery. A2184-2185."> Much of Hazen’s
book is based on his interviews with Chu which wére shortly after the events in
question as he wrote the book in the summer of 1987. A2184-2186; 2201-2203;

2207;2211-2212. Finally, Chu’s or UH’s attorneys have had possession of thousands

12 An example of how the district court construed the evidence in favor of Chu
1s the reference in its opinion to one email from Hazen stating that his memory of
details from 1987 was “completely lost.” Hor, 765 F.Supp.2d at 919. First, Hazen
had no first hand knowledge of the events leading to the discovery of YBCO-123 and
the related superconductors. Second, a review of Hazen’s deposition testimony
indicates his memory of events possibly relevant to the issues in this lawsuit was
reasonably clear. A2182-2212. While Chu complained Hazen had no memory of the
events in question, his counsel noticed Hazen’s deposition and traveled to
Washington, D.C. to take that deposition. A2182,
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of pages Dr. Hazen’s notes and other documents utilized in the preparation of his
book since at least 1989 and those documents were made available in this lawsuit.
A2200.

In short, to the extent witnesses’ memories have faded (ifthey have) there were
abundant documents from which recollections were refreshed during discovery in this
case. Lawsuits frequently revolve around events that occurred many years ago; and
there was no evidence that the passage of time in this case was so detrimental as to
constitute the evidentiary prejudice found by the district court.

The critical events relevant to Hor’s claim of inventorship are concentrated
over an approximately four month time frame from November of 1986 through March
of 1987. Although the witnesses’ memories regarding some of the events are not
perfectly clear, their memories regarding the essential events are remarkable. In that
vein, the district court accepted at face value Chu’s attempt to paint a picture of lost
recollections. A717-751 (cataloguing answers to deposition questions). However,
looking at that testimony in context, it is clear that whatever facts the witnesses do
not remember do not bear significantly on the essential issues and do not vary
considerably from what might be expected in a case where events occurred more

recently. For example, despite claiming that Ms. Meng suffers from memory lapses,
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Chu’s counsel found her memory of events sufficient enough to require more than
seven hours of detailed cross-examination at her deposition. AS569.

Other than a brief mention of the lab notebooks, the district failed to consider
any of the considerable amount of documentary evidence that is still available to all
of the parties and witnesses in this lawsuit. The court failed to address the fact that
Chu himself wrote numerous published accounts of the history of the YBCO-123
discovery, that Chu was able to respond to Hor’s internal UH grievance in
considerable detail, that Chu has his calendar from the relevant time period, that
Hazen wrote an entire book about the discovery based on interviews with Chu and
others, that all of Hazen’s notes have been preserved, and that all parties were able
to recall most events in considerable detail in their deposition and affidavit testimony.
Moreover, the court’s conclusion that the lab notebook is “of little help in identifying
the source of the inventive conceptions” is a mere conclusion and the district court
clearly would have benefitted from testimony on the contents of those notebooks in
a full trial on the merits. The court merely assumed that the notebooks were
1immaterial to the issues here.

Finally, the court cites the death of Peter Huang. Hor, 965 F.Supp.2d at 919.
Huang was a graduate student at the time of the discoveries whose primary job was

to test samples for superconductivity. Although he was a good student, he was not
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directly involved in the critical events at issue and the results of his superconductivity
tests have been preserved. A569. Chu and the district court never provided any
cogent explanation as to why Huang’s testimony would have been important. It is
mere surmise to conclude that Huang’s testimony could have had any impact on this
case.

Any possibility of evidentiary prejudice was clearly rebutted by the summary
judgment evidence. At a minimum, there was clearly sufficient rebuttal evidence to
place the issue of evidentiary prejudice genuinely in issue. See Serdarevic v.
Advanced Medical Optics, Inc., 532 F.3d 1352, 1359-1360 (Fed. Cir. 2008).

Issue No. 3 Restated

The district court erred in holding that Hor’s claim was barred by the

doctrine of equitable estoppel because Chu never raised that issue and

the elements for equitable estoppel were not met.

Standard of Review for Equitable Estoppel

Equitable estoppel to assert a claim is a defense addressed to the sound
discretion of the trial court. Olympia Werke Aktiengesellschaft v. General Elec. Co.,
712 F.2d 74, 77 (4th Cir.1983). When a defendant asserts equitable estoppel, the

evidence must be viewed in the light most favorable to the plaintiff, and all inferences

must drawn in favor of the plaintiff. Aukerman, 960 F.2d at 1043.
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The elements of the defense of equitable estoppel are: (1) an actor, who usually
must have knowledge of the true facts, communicates something in a misleading way,
either by words, conduct or silence; (2) the other relies upon that communication; (3)
the other would be materially prejudiced if the actor is later permitted to assert any
claim inconsistent with his earlier conduct. Aukerman, 960 F.2d at 1041 (declining
to hold equitable estoppel barred the plaintiff's inventorship claims). Unlike laches,
no presumption adheres to an equitable estoppel defense. A defendant must prove all
of the factual elements of estoppel. /d. at 1043. Moreover, even ifthe three elements
of estoppel are established, the court must take into consideration any other evidence
and equities of the parties in deciding whether to allow the defense to bar the suit.
Id.

The Evidence did not Support a Finding of Equitable Estoppel

Chu never pleaded equitable estoppel or asserted it as a ground for granting
summary judgment. Nonetheless, the district court found that equitable estoppel
precluded Hor’s claims for correction of inventorship under §256 actions. Hor, 765
F.Supp.2d at 922.

With respect to applying equitable estoppel to bar Hor’s claims, only one act
of Hor is cited by the court. When Hor was asked by Cox in the meeting with Hor,

Chu and Meng in 1987 or 1988, which one of them came up with the idea of Yttrium
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substitution, Chu asked Meng if she remembered that he had suggested that in a
telephone call to her. Hor testified that he was “shocked” at Chu’s statement, but did
want to embarrass Chu. After Meng had responded that she did not remember, Hor
stated that he too did not remember. A566-567. However, what Hor was stating that
he did not remember was an alleged phone call from Chu to Meng. There was
nothing inherently misleading in stating that he did not remember an alleged phone
call to which he was not a party.

The district court turned Hor’s attempt to spare Chu some embarrassment into
admission of “misleading Chu and UH into believing [his] participation in the
discoveries did not rise to the level of inventorship.” and act of untruthfulness
sufficient to call the doctrine of equitable estoppel into play. Hor, 965 F.Supp.2d at
022-923. First, there is no evidence that at the time Hor understood what it meant
to be an inventor for purposes of the patent process. Moreover, the district court
completely ignored what happened immediately after Hor’s one statement. When
Cox protested that not everyone can be an inventor and stated that a “pair of hands”
cannot be an inventor, Hor abruptly left the room. Chu followed Hor and told him
that Cox did not understand how their group worked and promised to “straighten him
out.” A566-567. The district court cited nothing more than this one instance, and it

is hardly sufficient to meet the first element of the test for equitable estoppel.

45



“The second element, reliance, is . . . essential to equitable estoppel.” Heckler
v. Community Health Svcs., 467 U.S. 51, 59 (1984). Chu had the burden to establish
that he substantially relied on the misleading conduct of Hor in connection with
taking some action. See Aukerman, 960 F.2d at 1042. The reliance element has been
described as requiring a defendant to show that the plaintiff’s conduct lulled them
into a sense of security in going ahead with their own actions. See Stewart &
Stevenson Services, Inc. v. Serv-Tech, Inc., 794 F.Supp. 202, 206 (S.D. Tex. 1992).

The district court cites no evidence to support a finding of reliance or ény
actions that Chu or UH undertook in reliance on Hor’s action or inaction. Rather, the
evidence establishes that Chu was not misled by Hor’s statements and did not rely on
them as evidenced by his promise to take action to correct any misconception that
Cox might have. Chu clearly failed to act as promised to Hor and yet, somehow the
district court painted Hor as being maximally untruthful.

There was no evidence that Cox relied on Hor’s one statement and it would
have been unreasonable for him to do so. Chu and Cox had a duty of candor, good
faith, and honesty in their dealings with the U.S. Patent and Trademark Office. See
Molins PLCv. Textron, Inc.,48 F.3d 1172, 1178 (Fed.Cir.1995). Both Chu and Cox
were or should have been aware of Hor’s involvement. Hor was the alternate

Principal Investigator of the research group during the relevant time period. A562.
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Hor was listed as the first author on the relevant scientific papers relating to the
discovery of YBC-123 and the magnetic rare-earth superconductors. A566; 664-667;
2042-2045. Hor also received payment of $137,000 from the UH based on his work
on YBCO-123 and the related superconductors. A2246. Despite all of this, Cox
apparently never made further inquiries of Hor. Hor’s conduct in the only incident
cited by the court, when taken as a wh(;le and when considered in light of Chu’s own
conduct and the other evidence cannot support any finding of equitable estoppel.
Nonetheless, the district court claimed that “Chu and UH's counsel relied on
Hor's alleged lack of recollection and Meng’s repeated representations that Chu
conceived of the Yttrium substitution.” Hor, 965 F.Supp.2d at 922-923. But the court
did not identify any positive acts that either Chu or UH took in reliance on Hor’s
conduct in the meeting with Cox. There is no evidence of any other action by Cox
in the record. Thus, only Chu could establish reliance. But rather than analyze
evidence, the court engaged in mere supposition of what might have transpired; i.e.
that UH might have investigated Hor’s claims had they been made known. /d. There
is no evidence to even support an inference of this regard in the summary judgment
record. Because Chu did not raise equitable estoppel as a bar to Hor's claims, he
made no effort to establish that he or UH relied on anything that Hor did or did not

do. The district court supposed that UH (a non-party) could have investigated Hor’s
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claims, but there is no evidence that they did not in fact undertake some investigation.
And UH, as licensee and its counsel, were obligated by the duty of candor and good
faith to make sure that the proper inventors were named in the patent regardless of
any action by Hor. Even if UH had investigated Hor’s role in the discovery of
YBCO-123 and the magnetic rare earth superconductors and determined that he
should be named as an inventor, it would not have materially altered UH’s subsequent
conduct in defending the patents. Asa UH employee, Hor was obligated to assign his
patent rights to UH and UH would have had no less incentive to defend the patents
simply because another UH employee was correctly named as an inventor.

Finally, Chu must establish material economic or evidentiary prejudice or harm
to establish a defense of equitable estoppel Aukerman, 960 F.3d at 1043. Chu made
no effort to do so. The court summarily concludes that by “changing [Hor’s story]
and bringing claims to inventorship more than twenty years later, Chu has been
greatly prejudiced in defending his position as the sole inventor.” Hor, 965
F.Supp.3d at 923. As detailed above, the evidence presented in summary judgment
is clearly insufficient to establish evidentiary prejudice to Chu, and in fact
demonstrates that the documentary evidence needed to try the case is available and
that the witnesses are reasonably capable of recalling the facts surrounding what was

obviously one of the most important events of their lives.
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The district court’s sua sponte holding that equitable estoppel bars Hor's
correction of inventorship claims was unsupported by the evidence and should be
reversed.

CONCLUSION

The district court erred in granting summary judgment for Chu based on the
doctrines of laches and equitable estoppel. At a minimum, the summary judgement
evidence raised genuine issues of material fact as to whether those doctrines apply to
the facts of this case.

For the reasons stated herein, Appellant Pei-Herng Hor respectfully requests
that the Court reverse the judgment of the district court, and remand this case for
further proceedings.
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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
PEI-HRENG HOR, §
§
Plaintiff, §
. §

: g CASE NO. 4:08-cv-03584

CHING-WU “PAUL” CHU, §
Defendant, g
§
§

FINAL JUDGMENT

On January 21, 2011, the Court issued its Memorandum and Order, GRANTING
Defendant Ching-Wu “Paul” Chu’s Motion for Summary Judgment on the Inventorship Claims
of Pei-Herng Hor and Ruling Meng Based on Laches (Dkt. #45) and Defendant Chu’s Motion to
Dismiss or in the Alternative for Summary Judgment Upon Intervenor Meng and Plaintiff Hor’s
Unclean Hands Defenses Under Rule 12(b)(6) or Rules 12(c)/56(b) (Dkt. ##66 & 68). After
consideration of any opposition, the Court hereby grants Defendant Chu's Motion for Entry of
Final Judgment,

THE COURT HEREBY ORDERS that this Judgment be entered in accordance with
the Court’s Memorandum and Order entered on January 21, 2011 (Dkt. #105). .

THE COURT HEREBY ORDERS that Plaintiff Hor’s claim of inventorship under 35
U.S.C. § 256 is barred by the doctrines of laches and/or equitable estoppel.

THE COURT HEREBY ORDERS that Intervenor Meng’s claim of inventorship under
35 U.S.C. § 256 is barred by the doctrines of laches and/or equitable estoppel.

THE COURT HEREBY ORDERS that Plaintiff Hor’s defense of unclean hands is

200387974
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dismissed.
THE COURT HEREBY ORDERS that Intervenor Meng’s defense of unclean hands is
dismissed.

THE COURT HEREBY ORDERS that each party shall bear its own costs and
attorneys fees.

IT IS SO ORDERED.

This is a FINAL JUDGMENT.

Signed at Houston, Texas, on this l 5 day of %201 1.

ITHP. ELLISON
UNITED STATES DISTRICT JUDGE
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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
PEI-HRENG HOR, §
Plaintiff, g
V. g CIVIL ACTION NO. 4:08-cv-3584
CHING-WU “PAUL” CHU, g
Defendant. g

MEMORANDUM AND ORDER

Pending before the Court is Defendant Ching-Wu “Paul” Chu’s Motion for Summary
Judgment on the Inventorship Claims of Pei-Hreng Hor and Ruling Meng Based on Laches
(Doc. No 45), Defendant’s Motion for Partial Summary Judgment on Pei-Hreng Hor’s and
Ruling Meng’s Claims of Inventorship Based on Lack of Corroboration (Doc. No. 46),
Defendant’s Motion to Dismiss or in the Alternative Motion for Summary Judgment Upon
Intervenor Meng’s Unclean Hands Defense (Doc. No. 66), and Defendant’s Motion to Dismiss
or in the Alternative Motion for Summary Judgment Upon Plaintiff Hor’s Unclean Hands
Defense (Doc. No. 68).

Having considered the parties’ filings, all responses and replies thereto, and the
applicable law, the Court finds that Defendant’s Motion for Summary Judgment Based on
Laches should be GRANTED and Defendant’s Motions to Dismiss or in the Alternative for
Summary Judgment Upon Intervenor Meng’s and Plaintiff Hor’s Unclean Hand Defenses should
be GRANTED. The Court declines to reach Defendant’s remaining motion, as laches is a
complete defense to claims of inventorship under 35 U.S.C. § 256.

L BACKGROUND
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This cases arises out of a dispute over rightful inventorship of U.S. Patent Nos. 7,056,866
(“the ‘866 Patent”) and 7,709,418 (“the ‘418 Patent”) (collectively “patents-in-suit”). The
patents-in-suit involve superconducting compositions with transition temperatures (“T.”) higher
than the boiling point of liquid nitrogen (approximately 77° Kelvin).!

Dr. Ching-Wu “Paul” Chu (“Defendant” or “Chu”) is listed as the sole inventor on both
of the patents-in-suit. Dr. Pei-Herng Hor (“Plaintiff” or “Hor”) filed the present suit to correct
inventorship in December 2008 pursuant to 35 U.S.C. §256, alleging that he is a joint inventor of
the scientific advancements that underlie the patents-in-suit. (Doc. No. 1.) In March 2010, the
Court granted a Motion to Intervene by Ruling Meng (“Intervenor” or “Meng”) who also claims
joint inventorship of the patents-in-suit. (Doc. No. 25-1.)

A. Invention of and Applications for the Patents-in-Suit

The high temperature superconducting compositions that are the subject of the patents-in-
suit were conceived of between November 1986 and March 1987. During this time, Chu, Hor,
and Meng worked together in the physics research laboratory Chu directed at the University of
Houston (*UH”) where Chu held an appointment as a Professor of Physics. In September of
1986, Chu left UH to begin service as a Program Director at the National Science Foundation
(“NSF”). (Hor. 2006 Aff. at 2; Meng 2006 Aff. at 2.) During Chu’s one-year term with NSF,

Chu named Hor, then a UH graduate student in the Physics Department and one of his Research

! Superconductivity, first discovered in 1911, is a phenomenon occurring in certain materials, characterized by zero
electrical resistance and the exclusion of the interior magnetic field (known as the Meissner Effect). Electrical
resistance is a measure of the degree to which a material opposes an electric current passing through it. Electrical
resistance is measured in ohms. The electrical resistance of a superconductor drops abruptly to zero ohms when the
material is cooled below its superconducting T.. An electric current flowing in a loop of superconducting wire can
persist indefinitely with no power source. Superconductivity of a material occurs, however, only at very low
temperatures. Superconductors with a T, higher than the boiling point of liquid nitrogen, which is approximately
77° Kelvin, are commercially valuable because liquid nitrogen can be produced cheaply and is not prone to some of
the problems exhibited by the cooling agents required to achieve lower temperatures. Superconductors with a T
above 77°K are commonly referred to as High Temperature Superconductors. (Hor 2010 Decl. at 4 3, Doc. No. 77;
U.S. Patent 7,709, 418 at 2.).
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Assistants, as the alternate Principal Investigator for his UH research group. (Hor. 2006 AfT. at
2; Hor 2010 Decl. 95.) In Chu’s absence, Meng continued to serve Chu’s research group in her
capacity as an independent materials scientist, synthesizing and characterizing various
compounds for the group’s research. (Meng Compl. § 9; Meng 2006 Aff. at 1.) During his year
away, Chu returned regularly to his laboratory at UH on the weekends and stayed in close
contact with the members of his research group, including Hor and Meng, calling the laboratory
as often as every four hours. (Hor 2006 Aff. at 2; Meng 1993 Dep. 47:2-8.)
1. Initial Discoveries

In November 1986, Chu, Hor, and Meng reviewed an article written by J. Georg Bednorz
and K. Alexander Miiller, which related the discovery of relatively high temperature
superconductivity using a Barium-Lanthanum-Copper-Oxygen (Ba-La-Cu-O) chemical
composition. (Meng 2006 Aff. at 2; Hor 2006 Aff. at 2.) The article prompted Chu’s research
group to attempt to achieve a superconducting composition with an even higher T, than that
reported by Bednorz and Miiller. (/d.) The Bednorz and Miiller article indicated that their
superconducting sample was prepared according to a nominal 5:5:5 ratio of Barium to
Lanthanum to Copper. (Hor 2010 Decl. § 8.) Using a solid state reaction protocol, the group at
UH synthesized samples and performed experiments which resulted in observed
superconductivity greater than 40°K T.. (Hor 2006 Aff. at 3.) Meng alleges that she advised
Chu that the solid state reaction method, rather that the wet chemistry method, should be used to
repeat Bednorz and Miiller’s results. (Meng 2010 Dep. 42:21-43:14; Meng 2006 Aff. at 2.)
Chu, however, denies that it was Meng’s idea to use the solid state reaction method. He claims

that Meng was convinced by the conclusion of the Bednorz and Miiller article that the solid state
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reaction method would not work, but that Chu felt the group had nothing to lose by trying the
technique, and so instructed Meng to proceed with it first. (Chu Dep. 399:13-400:23.)

Chu reported the results of the group’s successful experiments at an early December 1986
meeting of the Materials Research Society. At the meeting, Chu discussed his group’s work with
Dr. M.K. Wu (“Wu”), his former graduate student and then Assistant Professor at the University
of Alabama, Huntsville. (Hor 2006 Aff. at 3.) According to Hor and Meng, during these
conversations, Chu asked Wu to begin experimenting with a Strontium (Sr) substitution for
Barium in Bednorz and Miiller’s Ba-La-Cu-O system. (Hor 2006 Aff. at 3; Meng 2006 Aff. at
2.) Chu’s UH research group also continued to manipulate the chemical composition of their
samples in an effort to create so-called “chemical pressure” to mimic physical pressure, thereby
raising the T.. (Hor 2010 Decl. 4 10.) Through Wu’s experiments, Chu’s research group soon
discovered that a Strontium substitution for Barium did indeed increase the system’s T to about
42°K.

Aside from the dispute oyer the initial decision to use the solid state reaction method, the
parties more or less agree about the events surrounding these foundational experiments. The
conception of the chemical compositions that ultimately achieved superconductivity at a T,
higher than 77°K, however, is at the heart of the dispute in this case. Indeed, several subsequent
advancements involving elemental substitutions and the identification of the compounds’
chemical structure are hotly contested. The Court will attempt to summarize the parties’
conflicting claims regarding these discoveries.

2. Invention of the Patents-in-Suit
In late December 1986 or early January 1987, Wu brought a La-Sr-Cu-O compound

sample to UH for magnetic testing. (Meng 2006 Aff. at 2.) During Wu’s visit, Hor, Meng, and
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Li Gao, a UH graduate student, had a discussion with Wu and one of his graduate students in
Hor’s UH office. (Meng 2006 Aff. at 2; Hor 2006 Aff. at 3; Hor Dep. 50:2-53:5.) According to
Hor, the scientists discussed the direction the UH group’s research should go after an attempted
substitution of Calcium for Strontium actually decreased the compound’s T.. (/d.; Hor 2010
Decl.  11.) Hor claims that, during the meeting, he took out a periodic table in an attempt to
identify new substitutions that could be made to the Ba-La-Cu-O system in order to increase its
T.. (Id) At that point, Hor alleges, he conceived of the idea to replace the element Lanthanum
with the element Yttrium (Y). (Jd.) Meng claims that, during this same meeting, she conceived
of and suggested replacing Lanthanum with Lutetium (Lu). (Meng 2010 Dep. 103:15-104:5;
Meng 2006 Aff. at 3.)

Hor’s claim to conception of the Yttrium substitution is significant because the group’s
subsequent substitution of Yttrium for Lanthanum resulted in the creation of the Yttrium-
Barium-Copper-Oxygen (“Y-Ba-Cu-O” or “Y-B-C-O”) compound that first exhibited
superconductivity above 77°K. (Hor 2010 Decl. § 12; Meng Dep. 101-102; 116; 385-389.) Hor
claims that, immediately after the discussion at UH about the Y ttrium substitution, Meng ordered
the element for the research group to begin conducting the substitution experiments. (Hor 2006
Aff. at 3.) Meng recalls that, because UH was not in session due to its winter break, she did not
place the order until January 12, 1987. (Meng 2010 Dep. 111-114, 385-386.) Hor claims that he
asked Wu also to begin working on the Yttrium substitution. (Hor 2010 Decl. § 12.)
Additionally, Meng allegedly suggested to Wu that he obtain Yttrium from NASA in Huntsville,
Alabama, and begin working on the substitution immediately because Meng would be unable to

get the element to UH for two weeks. (Meng 2010 Dep. 387:13-388:15; Meng 2006 Aff. at 3)
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After the meeting, Hor alleges that he asked Meng to record formulas for conducting the Y ttrium
substitution experiments, which she did on about January 13, 1987. (Hor 2010 Decl. § 13.)

Chu does not dispute that a conversation took place at UH in late December or early
January between members of his research group and Wu, or that the Yttrium substitution concept
was discussed at that meeting. Chu has long maintained, however, that his colleagues merely
communicated Chu’s Yttrium substitution concept to Wu. Chu allegedly conceived of the idea
in mid-December, and by the 26™ of that month, he concluded that Yttrium and Lutetium would
indeed create high temperature superconductors. (Chu Dep. 150:6-18.) Chu alleges that, prior to
Hor and Meng’s meeting with Wu at UH, Chu had a phone conversation with Meng in which he
described to her his idea for the Yttrium substitution. Chu has also testified that it was he who
instructed Meng to order the Yttrium for the UH laboratory. (Chu Dep. 150:19-151:5.)

On January 12, 1987, Chu filed the first patent application related to the Y-B-C-O
superconductor (U.S. Patent Application No. 07/002,089, now abandoned). In addition to the Y-
B-C-O concept, the application also described the substitution of Lanthanum and Lutetium for
Yttrium. On January 26, 1987, Chu filed a continuation-in-part application (U.S. Patent
Application No. 07/006,991, now abandoned), which, according to Hor, did not include
significant changes to the basic inventions described in the January 12, 1987 application.

On January 29, 1987, Wu called Chu claiming that he had observed superconductivity
above 77°K in a compound in which he had substituted Yttrium for Lanthanum. (Hor. 2010
Decl. § 17; Meng 2006 Aff. at 3.) Chu asked Wu to bring the sample to UH for magnetic
measurements to confirm the results. (Meng 2006 Aff. at 3.) Following the phone call, Hor

claims that Chu asked him to write down the formulas that Hor discussed with Wu during the
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December 1986 meeting at UH. (Hor 2010 Decl. § 17.) These formulas included, Hor alleges, a
Y-B-C-O compound using a nominal 2-1-4 formula (“2-1-4 Y-B-C-0”). (I/d.)?

On about January 29 or 30, 1987, Wu brought a 2-1-4 Y-B-C-O sample to UH in which
he had earlier observed superconductivity above 77°K. (Hor 2010 Decl § 18.) The testing at UH
confirmed that the sample was genuinely superconducting with a reproducible 77°K T, The
discovery of superconductivity above 77°K in the 2-1-4 Y-B-C-O sample prompted Chu’s
research group to focus on studying the compound’s structure and properties. Specifically, the
group wanted to determine which stage of the multi-phase 2-1-4 Y-B-C-O sample actually
contributed to the system’s superconducting properties. (Meng 2006 Aff. at 3.)

Hor claims that Chu, Meng, and Hor worked together to successfully separate out high
purity Y-B-C-O samples exhibiting superconductivity at a T, of 90°K. (Hor 2010 Decl. § 21.)
Meng, on the other hand, alleges that she independently performed the analysis to separate the
black and green crystals from the mixed green phase by studying a group of Y-B-C-O samples of
varying compositions. (Meng Resp. to Chu Interrogs. at 7.) Meng claims that, through her
experiments, she concluded that the black phase was the superconducting portion. (Id.) Asa
result, she argues that her experiments contributed to the conception of the high temperature Y-
B-C-O formula and structure identified in the ‘866 patent, which had a Yttrium-Barium-Copper
ratio of 1:2:3. The parties often refer to this as the “123-phase.” Chu, however, argues that it
was actually Drs. Hazen and Mao of Washington’s Geophysical Laboratory who first identified

the superconducting black phase and the insulating green phase, as well as the critical 1-2-3

% In addition to the Yitrium substitution formulas Hor recorded, he alleges that he also recorded formula for a
compound in which Scandium (Sc) was included. Chu subsequently filed a continuation-in-part application on
February 6, 1987 in which added the elemental substitution of Scandium. Chu alleges that, although included in the
February 6, 1987 application, the Scandium substitution is not claimed in either the ‘866 or the ‘418 Patent.
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formula when they were conducting tests on samples at Chu’s request. (Def.’s Mot. for Summ.
J.at17)

Hor contends that he continued to experiment in order to determine why the Y-B-C-O
compound exhibited superconductivity at such a high T.. He claims that he wanted to study the
pair-breaking effect, a phenomenon in which the T, of a compound degrades in the presence of
magnetic elements. (Hor 2010 Decl. § 23.) As part of these experiments, on March 11 or 12,
1987, Hor alleges that he asked Meng to completely replace Yttrium in the Y-B-C-O 123-phase
with the magnetic rare earth element Gadolinium (Gd). (/d.) To Hor’s alleged surprise, he did
not observe degradation of the T.. (Hor. 2006 Aff. at 4.) The negative result of the magnetic
pair-breaking effect, Hor contends, prompted him to conceive of the idea to substitute other
magnetic ions into the 123-phase to produce new high temperature superconductors. (Hor 2010
Decl. 23.) Hor allegedly asked Meng to perform a complete substitution of Yttrium with
different series of magnetic rare earth elements, and several new superconductors were
discovered. (Hor 2010 Decl. 9§ 24.) Indeed, Hor claims that he conceived of all of the
substitutions of the rare ecarth elements Neodymium, Samarium, Europium, Gadolinium,
Dysprosium, Holmium, Erbium, Thulium, Ytterbium and Lutetium, which are claimed in the
patents-in-suit. (Hor Compl. 7 62.)

Meng, on the other hand, alleges that she suggested experimenting with all of the claimed
rare earth elements except Gadolinium, which she agrees Hor proposed. (Meng 2010 Dep.
390:4-9.) Additionally, Meng claims that she independently developed the optimal processing
conditions for the individual rare earth compounds and successfully synthesized the whole series
of rare earth compounds using those parameters. (Meng Compl. § 12.) She allegedly used

differential thermal analysis for each of the different rare earth compounds to determine
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decomposition temperature, reaction temperature, and melting temperature by observing the
material’s weight change as a function of temperature. These experiments allegedly resulted in
her observation that the rare earth compounds formed at a wide variety of temperatures (800-
1000°C). (Meng Resp. to Chu Interrogs. at 8.)

Chu, for his part, claims that it was he who asked Meng to order rare earth oxides in
January, long before Hor allegedly conceived of the idea to perform rare earth element
substitutions. Chu also contends that he had already been conducting partial rare earth element
substitution experiments beginning in late February before Hor allegedly asked Meg to undertake
the experiments.

The rare earth element substitutions used to produce high temperature superconductors
appeared in the continuation-in-part application Chu filed on March 26, 1987 (U.S. Patent
Application No. 07/032,041). In this application, Chu also revised the composition ranges
included in the previous Y-B-C-O applications to reflect the 123-phase discovery. This was the
final application related to what ultimately issued as the ‘866 Patent. Another closely related
patent application was filed on January 23, 1989, which resulted in the issuance of the ‘418
Patent.?

B. Post-Invention Events

In 1987, Chu submitted two papers that were published the same year based on aspects of
the superconductor discoveries underlying the patents-in-suit. Both Hor and Meng admit to, at
the time, reviewing every paper prepared by Chu. (Hor Dep. 92:4-93:11; Meng Dep. 205:17-

206:20.) The two papers published in 1987 reference the filing of Chu’s patent application

3 Meng alleges in her Complaint that the Wu Interference, discussed infia, resulted in the creation of this later-filed
application.
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describing the Y-B-C-O superconductor as “C.W. Chu, U.S. Patent Application (12 January
1987).” (Doc. No. 48-8.)

At some time in 1987 or 1988, Hor, Meng, and Chu met with one of UH’s patent
attorneys, Charles Cox, to discuss the scientists’ respective contributions to the superconductor
discoveries, apparently in relation to the filing of patent applications. (Hor 2006 Aff. at 6.) At
the meeting, Hor claims that Cox asked the group, “Who was the first person to propose the Y-
substitution?”* (Zd.) Chu allegedly responded, pointing to Meng, “Ruling, do you remember that
I called you and told you to do the Y-Substitution?” (/d.) Hor claims that both he and Meng
replied that they could not remember who first proposed the Y-Substitution. (/d.) Chu then
allegedly suggested that Hor and Meng should also be included as inventors on the patent
applications. (/d.) In response, Cox stated, “Not everyone can be an inventor. A pair of hands
cannot be considered an inventor.” (/d.) According to Hor, he was disturbed by Cox’s comment
and so he stood up and walked out of the room. (/d.) Hor claims that Chu then followed him
outside, apologized, and said, “I am sorry. This lawyer does not know anything about our group.
I will go back to tell him and straighten things out.” (/d.) Following the meeting, neither Hor
nor Meng followed up with Chu or any UH official regarding their respective inventorship
statuses on either of the patents-in-suit. (Hor Dep. ‘1 14:15-115:5; Meng Dep. 298:21-24; Meng
2006 Aff at 5.) Both Hor and Meng have testified that no one ever told them they would be
included as inventors on either of the patents-in-suit. (Hor Dep. 114:15-115:5; Meng Dep.
582:8-18.)

Both of the applications for the patents-in-suit assigned any resulting patents to UH. In
December of 1988, DuPont paid UH a sum of money for the future licensing rights to the

inventions underlying the ‘866 Patent. (Chu Dep. 25:9-26:6.) Pursuant to an agreement between

4 «“Y_substitution” refers to the Yttrium substitution.

10
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Chu and UH, as inventor, Chu was to receive 50% of the net income derived from the
technology, which amounted to approximately $680,000 in the case of the DuPont license. (Doc.
No. 78-9.) In a letter dated December 22, 1988, UH’s General Counsel informed UH’s President
that Chu intended to “pay some of his colleagues a percentage share of his share of the initial Du
Pont proceeds.” (/d.) An appendix attached to the letter indicates that Chu kept approximately
$240,000 for himself and distributed the remainder of his share among twelve different
colleagues, including Hor, Meng, and Wu, who all received $137,000. (Id.)

Although Cox was retained by UH, Chu executed a Declaration and Power of Attorney
authorizing Cox to represent him during the prosecution of the patents-in-suit. (Doc. Nos. 84-5
& 84-6.) In approximately 1990, the University of Alabama initiated an interference proceeding
on behalf of Chu’s former student, Wu, (“Wu Interference”) to contest priority of invention and
inventorship of the patents-in-suit. In essence, Wu and one of his graduate students claimed that
they had first independently discovered the 123 Y-B-C-O superconductor.

During the Wu Interference in 1990, at Cox’s request, Meng executed a declaration
describing certain events related to the development of the high temperature superconductors.
Meng’s declaration affirmed that Chu was the person who conceived of the critical Yttrium
substitution. Specifically, Meng stated that “[d]uring a phone call in about mid-December 1986,
C.W. Chu described to me his belief that the substitution of Y for La in a composition La-Ba-Cu-
O would produce a composition of Y-Ba-Cu-O which superconducts at a T greater than that ofa
La-Ba-Cu-0.” (Meng 1990 Decl. § 2.) Meng’s declaration also stated that Chu’s concept was
described to Wu at the late December 1986 meeting at UH. (/d. at § 3.) In a 1993 declaration,
also prepared for the Wu Interference, Meng stated that she attempted to replicate Bednorz and

Miiller’s results using the solid state reaction technique “as directed by Dr. Chu.” (Meng 1993

11
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Decl.  4.) Additionally, Meng repeated her 1990 affirmation that Chu conveyed his conception
for the Yttrium and Lutetium substitutions to her via telephone in mid-December 1986. (Id. at
9)

Meng also gave deposition testimony in 1993 during the Wu Inference in which she
testified that Chu conceived of the Yttrium substitution as well as the substitutions of Lutetium,
Erbium, and other rare earth elements with a smaller atomic ratio than Lanthanum. (Meng 1993
Dep. 25:21-26:9.) In response to whether she had knowledge of whether anyone at UH ever
prepared a patent application covering the discoveries she described in her declaration, Meng
also stated, “I remember I had saw (sic) one patent application, but I’m not sure was end the 86
(sic), but I couldn’t remember exactly.” (Meng 1993 Dep. 88:13-89:15.) Meng also submitted a
declaration in the 1989 Qadri v. Chu Interference in which she stated, “I have reviewed and am
familiar with the contents of United States Application Serial No. 32,041 filed March 26, 1987
by C.W. Chu (hereafter the “Chu application).” (Meng 1989 Decl. § 5.) The declaration also
refers to her replication of Examples XIII and XIV listed in the body of the same patent
application. The cover page and the first page of the March 26, 1987 patent application identify
Chu as the sole inventor. |

In connection with Meng’s participation in the interference proceedings, on November
11, 1991, Cox sent Meng a five-page fax containing the abstracts of two patent applications that
ultimately led to the patents-in-suit. (Doc. No. 71-1.) The fax also contained the abstracts of
two other patent applications, one of which listed Hor and Meng as co-inventors along with Chu.
The abstracts of the applications that led to the patents-in-suit, however, listed Chu as the sole

inventor. (/d.)

12
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In 1990, Hor submitted a declaration as part of the Wu Interference in which he
recounted the conception of the Yttrium substitution in a manner consistent with Chu’s version
of the events. (Hor 1990 Decl., Doc. No. 49-2.) Specifically, Hor stated that, in a meeting at UH
in late December 1987 in which Wu was in attendance, he *“discussed the concept that the
substitution of Y for La in a composition of La-Ba-Cu-O would produce a composition which
superconducts at a T, temperature greater than that of a La-Ba-Cu-O composition., Ru-Ling and I
initiated the discussion of this concept with M.K. Wu.” (/d. at § 2.) Hor’s declaration does not
state that Hor was the source of the idea, only that he and Meng discussed it with Wu. (J/d.) In
his 2009 deposition, Hor admitted that he understood as of December 1990 that the Wu
Interference resulted from the University of Alabama’s challenge to the patent application UH
filed. (Hor Dep. 58:10-59:11.) In addition to the aforementioned 1987 or 1988 meeting with
Cox, Hor also met with Cox and John Warren, Vice Chancellor for Intellectual Property at UH,
during the Wu Interference. Hor knew from these meetings that UH had filed patent applications
on the high temperature superconductors on which he worked. (Hor. 2006 Aff. at 6-7.)

In 1999, Chu ultimately prevailed in the Wu Interference before the USPTO Board of
Patent Appeals and Interferences, which awarded him priority of the patent application. The
University of Alabama appealed that decision to federal district court. The suit was dismissed in
2000.

In January of 2006, nearly twenty years after the filing of the first patent application, Hor
and Meng approached UH officials to inquire about inventorship of the patents-in-suit. Meng
allegedly came to Hor’s office with a heavy conscience, disclosing to Hor that she had lied about
the conception of the Yttrium substitution during the Wu Interference. During that meeting,

Meng claims that Hor asked her, “[D]o you know we are also inventors (sic)?” (Meng 2006 Aff.
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at 5.) Meng allegedly responded, “I think we should but I do not know, I never asked.” (/d.)
Hor supposedly suggested that they find out. (/d.)

Plaintiff and Meng allege that, during a meeting in January 2006 with John Warren, they
learned for the first time that they were not included as inventors on the applications for the
patents-in-suit. On February 1, 2006, while both patents-in-suit were still pending before the
PTO, Plaintiff and Meng met with UH outside counsel and other UH officials to discuss their
claims to inventorship.

As a result, on February 21, 2006, counsel for UH and Chu filed an Information
Disclosure Statement (“IDS”) with the PTO, which included copies of letters from UH’s outside
counsel to Hor and Meng concerning their inventorship claims. The PTO subsequently granted
Defendant’s Petition to Suspend the Rules, which postponed the issuance of the ‘866 patent for a
period of one month while UH investigated Plaintiff and Meng’s claims.

On March 14, 2006, during another meeting regarding their inventorship claims, Plaintiff
and Meng presented affidavits to UH officials. The affidavits described each scientist’s alleged
contributions to the development of the inventions underlying the patents-in-suit. Meng’s 2006
affidavit disavowed her Wu Interference testimony that Chu told her of the Yttrium substitution
idea, but swore that the remainder of her deposition testimony was true. (Meng 2006 Aff. at 5.)
In Meng’s 2010 deposition, however, she also recanted her Wu Interference testimony that she
worked under Chu’s direction in performing her experiments, thereby contradicting her 2006
affidavit statement that the remainder of her Wu Interference testimony was true. (Meng 2010
Dep. 227:1-229:6.)

IL LEGAL STANDARD FOR SUMMARY JUDGMENT

14
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A motion for summary judgment under Federal Rule of Civil Procedure 56 requires the
Court to determine whether the moving party is entitled to judgment as a matter of law based on
the evidence thus far presented. See FED. R. Civ. P. 56(c). Summary judgment is proper “if the
pleadings, depositions, answers to interrogatories, and admissions on file, together with the
affidavits, if any, show that there is no genuine issue as to any material fact and that the moving
party is entitled to judgment as a matter of law.” Kee v. City of Rowlett, 247 F.3d 206, 210 (5th
Cir. 2001) (quotations omitted).

A genuine issue of material fact exists if a reasonable jury could enter a verdict for the
non-moving party. Crawford v. Formosa Plastics Corp., 234 F.3d 899, 902 (5th Cir. 2000).
This Court must view all evidence in the light most favorable to the non-moving party and draw
all reasonable inferences in that party’s favor. Id. Hearsay, conclusory allegations,
unsubstantiated assertions, and unsupported speculation are not competent summary judgment
evidence. FED. R. CIv. P. 56(e)(1); see also Little v. Liquid Air Corp., 37 F.3d 1069, 1075 (5th
Cir. 1994) (noting that a non-movant’s burden is “not satisfied with ‘some metaphysical doubt as
to the material facts’” {citing Matsushita Elec. Indus. Co. v. Zenith Radio Corp., 475 U.S. 574,
586 (1986))). Indeed, to survive a motion for summary judgment that is properly made and
supported, the opposing party’s response cannot rely merely on allegations or denials in the
pleadings, but must point to specific facts showing a genuine issue for trial. See FED. R. CIv. P.
56(e)(2).

III. LEGAL STANDARD FOR LACHES

Chu moves for summary judgment on Hor and Meng’s claims of joint inventorship,

arguing that they are precluded by the doctrine of laches. Indeed, “[l]aches is an equitable

defense that may bar an inventorship claim.” Serdarevic v. Advanced Med Optics, Inc., 532 F.3d
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1352, 1358 (Fed. Cir. 2008). Its application *“is committed to the sound discretion of the district
court.” Jd. A court must look at all of the particular facts and circumstances of each case and
weigh the equities of the parties. 4.C. Aukerman Co. v. R.L. Chaides Const. Co., 960 F.2d 1020,
1032 (Fed. Cir. 1992) (en banc). In general, to properly invoke a laches defense, a defendant
bears the burden of préving two factors: 1) the plaintiff delayed in filing suit for an unreasonable
and inexcusable length of time from the time the plaintiff knew or reasonably should have know
of its claim against the defendant, and 2) the delay operated to the prejudice or injury of the
defendant. Id. “Both of these factual premises must be met, predicate to the weighing of the
facts of delay and prejudice to determine whether justice requires that the claim be barred.”
Advanced Cardiovascular Sys., Inc. v. SciMed Life Sys. Inc., 988 F.2d 1157, 1161 (Fed. Cir.
1993). As the defendant, Chu must establish the laches defense by a preponderance of the
evidence. Aukerman, 960 F.2d at 1045.

When applying laches in order to bar a claim, “the period of delay is measured from
when the claimant had actual notice of the claim or would have reasonably been expected to
inquire about the subject matter.” Advanced Cardiovascular Sys., 988 F.2d at 116]1. Indeed,
“the plaintiff is chargeable with such knowledge as he might have obtained upon inquiry,
provided the facts already known by him were such as to put upon a man of ordinary intelligence
the duty of inquiry.” Id. at 1162.

A delay of more than six years after the omitted inventor knew or should have known of
the claim will produce a rebuttable presumption of laches. Id. at 1163. Once the presumption of
laches attaches, a party can remain “utterly mute” on the issue of prejudice and nonetheless
prevail. Serdarevic, 532 F.3d at 1358. Certainly, “[w]here the presumption applies, the two

facts of unreasonable delay and material prejudice ‘must be inferred, absent rebuttal evidence.””
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Moore v. Broadcom Corp., No. C06-05647 MIJ, 2008 WL 425932, at *3 (N.D. Cal. Feb. 14,
2008) (quoting Aukerman, 960 F.2d at 1037). The plaintiff may “rebut the presumption of laches
by offering evidence to show an excuse for the delay or that the delay was reasonable, or by
offering evidence sufficient to place the matters of evidentiary prejudice genuinely at issue.”
Serdarevic, 532 F.3d at 1359-60 (quoting Aukerman, 960 F.2d at 1038) (quotations omitted).

With regard to the law of laches, the parties disagree about the time from which the
period of delay may properly be measured. Chu argues that the period begins once the plaintiff
knew or should have known of the claim to inventorship, regardless of whether the patent had
already issued. On the other hand, Hor and Meng, analogizing from the patent infringement
context, argue that the period of delay cannot begin prior to the issuance of the patent.

Hor and Meng are correct that, in infringement actions, “the period does not begin prior
to the issuance of the patent.” Aukerman, 960 F.2d at 1032. The Federal Circuit, however, has
never had an occasion to pass on the question in the inventorship context and therefore “has not .
. . explicitly ruled on whether the period of delay may begin prior to the issuance of a patent.”
Moore, 2008 WL 425932, at *4.

Indeed, the Federal Circuit cases involving laches in the inventorship context have not
concerned plaintiffs who allegedly knew or should have known of their omission as inventors
prior to the issuance of the patent. See, e.g., Advanced Cardiovascular Sys., 988 F.2d 1157,
Serdaveric, 532 F.3d 1352. Although no precedent binds this Court, there is persuasive authority
addressing the question presented. At least two district courts have found that the period of
delay may begin prior to issuance of the patent. In so holding, a Northern District of California
court explained:

[T]he [Federal] Circuit, in Advanced Cardiovascular Systems, clearly held that
unlike infringement cases, the claimant’s knowledge, rather than the date of the
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issuance of the patent, controls for establishing the period of delay. In that case,
however, the period of delay at issue occurred after the issuance of the patent.

Moore, 2008 WL 425932, at *4. In Moore, the alleged joint inventor filed a complaint alleging
joint inventorship and seeking correction pursuant to 35 U.S.C. § 256 in 2006. The relevant
patent application was filed in 1997 and the patent issued in 2001. Although Moore filed his suit
fewer than six years after the patent’s issuance, the court found that Moore knew the provisional
patent application was filed in 1997 and that he was not listed as an inventor. Id. at *5.
Accordingly, the court applied the six-year laches presumption despite the fact that the relevant
period of delay began four years before the patent issued. After applying the presumption, which
the putative inventor could not rebut, the court granted summary judgment for the defendant.

Similarly, in Frugoli v. Fougnies, a District of Arizona court held that the period of delay
began prior to the issuance of the relevant patents. 74 U.S.P.Q.2d 1716 (D. Arniz. Aug. 25,
2004). Frugoli, the alleged joint inventor of the patents, filed suit to correct inventorship in
2002, only two years after the PTO granted the later-issued patent. Notwithstanding this short
delay between the patent issuance and Frugoli’s lawsuit, the court found that, although Frugoli
did not have actual knowledge of the patents until 2002, he should have known of his rights as
early as 1995. Id. at 1722, Thus, applying the known or should have known standard articulated
in Advanced Cardiovascular Systems, the court found that the laches period of delay began in
1995 when Frugoli “reasonably should have known, that Defendants had filed an application for
a patent . . . and failed to name him.” /d. at 1720-1722.

Hor attempts to counter this strong support for Chu’s position by citing to Studio &
Parters v. KI, a case from the Eastern District of Wisconsin. No. 06-C-628, 2007 WL 3342597
(E.D. Wis. Nov. 7, 2007). In Studio & Partners, the court held in a footnote that “[t]he Federal

Circuit views the accrual of the inventorship claim . . . at the time the putative inventor . . . learns
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that a patent has been issued.” Id. at *5 n.7. Accordingly, the court found that, because the
patent did not issue until 2003, there was no basis for a laches defense.’ There are several issues
with the court’s conclusion that render it of limited persuasive value. First, there are very few
facts and little analysis related to the laches question. Indeed, it is not even possible to ascertain
the date on which the alleged joint inventor knew or should have known about the relevant
patents and his omission from them, in order to determine whether the facts in that case
presented the same issue now before the Court. Second, the court cites Advanced
Cardiovascular Systems to support its characterization of the Federal Circuit’s view of an
inventorship claim. The section it cites, however, holds only that, “in the absence of proof that
[the alleged inventor] knew or should have known that the patent had issued and that he was
omitted as a joint inventor” the district court erred in measuring the period of delay from the date
of the issuance of the patent. 988 F.2d at 1162. Indeed, the court addressed the date of the
issuance of the patent in order to reject the defendant’s argument that the alleged joint inventor
should be charged with constructive notice of the patent and his lack of inventorship status as of
that date. The Federal Circuit believed it more prudent to measure the period of delay from the
time the alleged inventor actually knew or should have known of the patent and the fact that he
was omitted as a joint inventor. The court explained that this rule ensured that an alleged
inventor would not be barred from remedy before he reasonably could have known of his claim.
Id. at 1162. In short, the court in Advanced Cardiovascular Systems emphasized, without

qualification, the known or should have known standard for measuring the period of delay

% Although the year the plaintiff filed the suit to correct inventorship is not specified, the court’s Decision and Order
is dated November 7, 2007, and, therefore, only four years had elapsed between the patent issuance and the
resolution of the dispositive motions in the case. Thus, the plaintiff must have filed the lawsuit within six years of
the patent’s 2003 issuance.

19



Case 4:08-cv-03584 Document 105-1 Filed in TXSD on 01/21/11 Page 20 of 33

without stating an opinion as to whether an inventorship claim may accrue before the issuance of
the patent,

Certainly, the central question is the proper interpretation of the word “claim” in the
context of the Federal Circuit’s laches case law. The laches period of delay begins when the
alleged inventor “had actual notice of the claim or would have reasonably been expected to
inquire about the subject matter.” (emphasis added). The existing precedent leaves open the
question of whether “claim” should be limited to a cause of action in federal court under 35
U.S.C. § 256. Indeed, the judicial power to resolve an inventorship contest under 35 U.S.C. §
256 is limited to issued patents. See Eli Lilly & Co. v. Aradigm Corp., 376 F.3d 1352, 1356 n.1
(Fed. Cir. 2004) (“[S]ection 256 creates a cause of action in the district courts only to modify
inventorship on issued patents.”) Thus, if “claim” were defined to encompass only a lawsuit
under 35 U.S.C. § 256, the laches period arguably could not begin until the patent issued. There
are, however, means available to remedy an alleged joint inventor’s omission from a pending
patent. Indeed, the Moore court noted:

While not discussed in Advanced Cardiovascular Systems, pursuant to 35 U.S.C.

§ 116, correction of inventorship may be accomplished prior to the issuance of a

patent by application to the commissioner. See 35 U.S.C. § 116; 37 C.F.R. § 1.48.

In addition, an action to correct inventorship while the patent application is still

pending, under 35 U.S.C. § 116, includes the requirement that such amendment

must be diligently made. See 37 C.F.R. § 1.48; Stark v. Advanced Magnetic, Inc.,

29 F.3d 1570, 1574 (Fed. Cir. 1994). The requirement of diligence supports a

finding that delay is discouraged, and laches may apply, even at these early

stages. Thus, the rationale of Advanced Cardiovascular Systems, that laches may

apply at any time that inventorship may be remedied but should not apply before

the omitted inventor has learned of the claim, applies in equal force to the time

during which a patent application is pending, but before it is issued.
2008 WL 425932 at *4.

The Court also observes that, in addition to petitioning to correct inventorship pursuant to

35 U.S.C. §116, an alleged joint inventor may also file a competing patent application and seek
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to secure inventorship through an interference proceeding. Display Research Laboratories, Inc.
v. Telegen Corp., 133 F.Supp.2d 1170, 1175 (N.D. Cal. 2001). In fact, “[t]he normal procedure
for resolving inventorship contests is through an interference proceeding in the Patent and
Trademark Office (‘PTO’).” Fordham v. Onesoft Corp., No. CIV. A. 00-1078-A, 2001 WL
641759, *3 (E.D. Va. Jan. 24, 2001); see also Chou v. University of Chicago, 254 F.3d 1347,
1358 n.2 (Fed. Cir. 2001) (recognizing that, while an alleged inventor has standing to sue to
correct inventorship under 35 U.S.C. § 256, “[o]ne other means for a putative inventor to assert
her inventorship right is for her to file her own patent application and seek to have the PTO
declare an interference in order to establish inventorship.”) These multiple mechanisms allow
omitted inventors to secure their rights prior to the patent’s issnance and without resort to federal
court litigation. The Court believes it would be inequitable to permit a plaintiff to sit on his
rights to those remedies, yet defeat a laches defense by waiting so long to pursue an inventorship
claim that the only remaining remedy is one that does not mature until the patent issues.

Indeed, in light of the availability of remedies during the pendency of the patent
application, the Court does not believe the word “claim” should be read so narrowly as to
encompass only a suit pursnant to 35 U.S.C. § 256. Rather, “claim,” as it is used for purposes of
determining the relevant period of delay, is more properly viewed as a “claim” of inventorship.
Thus, the laches period of delay may begin when a plaintiff knew or should have known that the
defendant filed a patent application covering his alleged inventive contributions and failed to
name him as an inventor, regardless of whether such notice occurred prior to the patent’s
issuance.

A. Period of Delay
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“[T]he period of delay is measured from when the claimant had actual notice of the claim
or would have reasonably been expected to inquire about the subject matter.” Thus, the Court
must analyze when Hor and Meng knew or should have known of the existence of the patents-in-
suit and the fact of their omission as inventors.

Hor and Meng both assert that they learned for the first time that they were not included
as inventors on the patents-in-suit in 2006. Chu argues that, although Hor and Meng may
contend they lacked actual notice until their 2006 meeting with UH officials, they possessed
sufficient facts long before that meeting which triggered a duty of inquiry.

The evidence shows that both Hor and Meng knew by 1990, at the latest, that patent
applications were filed covering inventions which they now claim to have conceived. Thus, the
critical question is when Meng and Hor had actual notice of their omission as inventors or would
have reasonably been expected to inquire about the inventorship of those patent applications.

The evidence suggests that Hor and Meng knew in roughly 1987 or 1988 that patent
applications were being filed that included claims to which they now allege they made inventive
contributions. In the 1987 or 1988 meeting with Cox, he informed Meng and Hor that he
believed they were not inventors, but merely a “pair of hands.” During that same time period,
both Hor and Meng admit to reading Chu’s 1987 publications, which reference Chu as the sole
inventor of the first of the patent applications that ultimately resulted in the patents-in-suit.

In addition, Meng was involved in at least two of the interference proceedings that took
place in the late 1980s and early 1990s. She executed declarations in the proceedings and had
her deposition taken at least once. As recited in Part 1, supra, during the Wu Inference Meng
testified, “I remember I had saw (sic) one patent application, but I’m not sure was end the 86

(sic), but I couldn’t remember exactly.” Meng also submitted a declaration in the 1989 Qadri v.
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Chu Interference in which she stated, “I have reviewed and am familiar with the contents of
United States Application Serial No. 32,041 filed March 26, 1987 by C.W. Chu (hereafter the
“Chu application).” The cover page and first page of the patent applications list Chu as the sole
inventor. In one of Meng’s declarations, she also describes experiments she conducted to
replicate two of the patent’s Examples contained in the body of the patent application.
Additionally, Cox sent Meng a five-page fax in 1991 containing the abstracts of applications for
the patents-in-suit, which clearly listed Chu as the sole inventor.

Although Meng denies actual knowledge of the information contained in the patent
applications, she never explains how she could have seen them and/or the abstracts Cox sent her
without noticing the absence of her name. Knowledge of Meng’s omission from the patent
applications can be imputed to her, notwithstanding her denial. In Expert Microsystems, Inc. v.
University of Chicago, the alleged inventor uncovered the relevant patents during a prior art
search and purchased and printed copies of them. Although he claimed to only have seen the
front page and did not review the patents’ content, the court held:

Plaintiff was sufficiently put on notice of his potential inventorship claims by

reading the first page of the patents. ‘The Supreme Court has consistently

imputed to parties who failed to examine readily available information the
knowledge contained in it and the results of inquiries that the knowledge would

have motivated a reasonable man to conduct.’

No. CIV. 2:09-586 WBS JFM, 2010 WL 1407981, at *4 (E.D. Cal. Apr. 2, 2010). Like the
alleged inventor in Expert Microsystems, Meng, at the very least, reviewed the first page of the
patents. In this case, even the first page of the application was sufficient to put Meng on notice

that she was not an inventor. Thus, notwithstanding her denial of actual knowledge of her

omission as inventor, Meng should have known of her claim by at least the early 1990s when she
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admitted reviewing the relevant patent applications and/or abstracts in which her name was
omitted as an inventor.

Even if Meng had not actually seen the patent applications, she had a duty to inquire
about her status given the other information available to her. Indeed, she received a clear
indication that Cox did not consider her an inventor, and she participated in at least two
intervention proceedings in which she understood the inventorship of the patents-in-suit was at
issue, yet Meng never once asked Cox or Chu, or any other UH official whether she was an
inventor, A reasonable person in Meng’s position, especially one who participated in defending
others’ claims to inventorship of the patents, should have inquired about her own status. Of
course, Meng “is chargeable with such knowledge as [s]he might have obtained upon inquiry,
provided the facts already known by [her] were such as to put upon a [person] of ordinary
intelligence the duty of inquiry.” Advanced Cardiovascular Sys., 988 F.2d at 1162. The facts
known to Meng surely put upon her a duty to inquire about the subject of inventorship.

Hor was also present at the 1987 meeting where Cox expressed his opinion that Hor and
Meng were not inventors of the patents-in-suit. Cox’s judgment was so upsetting to Hor that he
allegedly left the room in anger. Hor claims Chu assured Hor that he would attempt to
“straighten things out” with Cox, yet Hor never followed up with Chu or Cox, or any other UH
official, to discover whether his name was included. Hor had a subsequent meeting with UH’s
counsel during the Wu Interference, at a time in which Hor understood that other parties were
contesting inventorship of the patents-in-suit. Despite signing a declaration, which was
submitted in support of UH’s claim, Hor never asked whether ke was a named inventor on the
patent. Although there is less evidence indicating Hor may had actal knowledge of his

omission as inventor on the applications for the patents-in-suit, like Meng, the “facts already
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known by him were such as to put upon a man of ordinary intelligence the duty of inquiry.”
There is no question that given the information Hor possessed, any reasonable person would
have taken the simple step of confirming his inventor status with Cox or Chu.
B. Rebuttal of Laches Presumption

Having found that Meng and Hor should have known of their lack of inventorship status
by the early 1990s at the latest, the six-year presumption applies. Indeed, Hor and Meng waited
nearly twenty years before asking UH officials about the inventorship of the patents-in-suit. Hor
waited two more years before filing this lawsuit, and Meng did not intervene until four years
after she purportedly acquired actual notice of her omission as inventor. Because the
presumption applies, the two facts of unreasonable delay and material are inferred, absent
rebuttal evidence. Hor and Meng, however, can rebut the presumption of laches “by offering
evidence to show an excuse for the delay or that the delay was reasonable” or by offering
evidence “sufficient to place the matters of [evidentiary] prejudice and economic prejudice
genuinely in issue.” Serdarevic, 532 F.3d at 1359-1360 (quoting Aukerman, F.2d at 1038)
(internal quotations omitted).

1. Reasonable or Excusable Delay

To excuse her delay, Meng suggests that it was caused, in part, because she was from
China, and as a result, was ignorant of American law and the patent system. She also makes
much of the fact that, at times, Chu referred to the patents-in-suit as “our” patents. Additionally,
she asserts that she reasonably believed she was an inventor because she received a sum of
money from UH shortly after the patent applications were filed. Meng admits, however, that no
one ever told her she was receiving the funds because she was an inventor of the patents-in-suit.

Indeed, at no time did anyone ever tell Meng that she was an inventor. Meng also makes no
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attempt to rebut the evidence indicating that she actually saw the patent applications in which she
was clearly not listed as an inventor.

Although Meng may not have understood the patent law system, she had direct access to
UH in-house and outside counsel, and could have, as she did in 2006, quickly confirmed that she
was not named an inventor. Given the strong indications she received that she was not an
inventor, the fact that, in casual conversation, Chu referred to the patents as “ours,” and that she
received a sum of money from UH, is insufficient to rebut the presumption that her
approximately twenty year delay was reasonable. Her “failure to investigate [her] potential
claim after [she] saw information that warranted further inquiry . . . is unreasonable and therefore
insufficient to absolve [her] of knowledge . . . for the purposes of laches.” Expert Microsystems,
2010 WL 1407981, at *4.

Hor argues that his delay was not unreasonable because Chu told him that he would
speak to Cox about his “pair of hands” comment. It was simply not reasonable, however, for
Hor to have relied for twenty years on Chu’s assurances that he would try to “straighten things
out” with Cox. Indeed, even if Hor believed that Chu would, as promised, attempt to convince
Cox that Hor deserved to be an inventor, there was absolutely no guarantee Chu would be
successful. There is no doubt that any reasonable person would have followed up on a
conversation of such consequence.

Additionally, Hor argues that it would have been futile to bring his claim to Chu’s or
UH’s attention earlier, given their negative responses when he raised it in 2006. He claims that
both Chu and UH would have had to effectively consent to his claim of inventorship in order to
secure correction and that, given their resistance to his grievance in 2006, they would not have

agreed. Although consent may be necessary under the provisions Hor cites, as discussed supra,
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there were alternatives available to Hor had he asserted a claim to inventorship when he first
should have known he was omitted. Thus, UH’s and Chu’s resistance to Hor’s claim in 2006
does not excuse Hor’s significant delay taking action to correct inventorship.

2. Prejudice

“Material prejudice . . . may be either economic or evidentiary. Evidentiary, or ‘defense’
prejudice, may arise by reason of a defendant’s inability to present a full and fair defense on the
merits due to the loss of records, the death of a witness, or the unreliability of memories of long
past events, thereby undermining the court’s ability to judge the facts. . . . Economic prejudice
may arise where a defendant and possibly others will suffer the loss of monetary investments or
incur damages which likely would have been prevented by an earlier suit.” Serdarevic, 532 F.3d
at 1360 (quoting Aukerman, 960 F.2d at 1033) (internal quotations omitted).

In this case, twenty-three years have passed since the events surrounding the relevant
inventions. Since that time, Peter Huang, one of the graduate students who worked in Chu’s
laboratory with Chu, Hor, and Meng, has died. Dr. Hazen of the Geophysical Laboratory who
carried out the analysis of the UH research group’s Y-B-C-O samples responded to a request for
deposition stating, “any details of what happened during February of 1987—especially the exact
days and times of our work—is completely lost from my memory.” (Hazen email to Hewitt, Jun.
11, 2010.) Moreover, the parties themselves suffer from dimming memories. Chu, Hor, and
Meng have all experienced difficulty in recalling the timing and content of important events
surrounding the inventions, which is unsurprising given the significant passage of time.

In Frugoli, the court found that a delay from 1994 to the date the suit was filed in 2002
caused evidentiary prejudice, noting that “[r]ecalling events from the 1994-1995 time-frame

would be difficult for any percipient witness.” 74 U.S.P.Q.2d at 1721. Similarly, the Serdarevic
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court found that the alleged inventor failed to meet her burden to rebut the presumption of
evidentiary prejudice, in part, because there was “cumulative and inherent prejudice from the
dimming memories of all the participants, including Serdarevic herseif.” 532 F.3d at 1360. In
that case, roughly nineteen years had passed between the issuance of the first relevant patent and
the time the plaintiff brought her lawsuit. Id. at 1356.

Meng argues that, because the parties have given almost 1,300 pages of deposition
testimony and Meng’s laboratory notebook remains available as evidence, there has been no
evidentiary prejudice. Meng’s focus on the quantity of deposition testimony, however, is
misplaced. As Chu points out, there are several key issues with regard to which the parties’
memories have faded. Moreover, although Meng’s lab notebook provides some assistance in
determining the timing of certain events and the identity of the scientists who performed certain
experiments, it is of little help in identifying the source of the inventive conceptions, the ultimate
inquiry in this case. Not only have Hor and Meng failed to rebut the presumption of prejudice,
but the Court is convinced that its ability judge the facts has been significantly undermined by
the passage of more than twenty years.

C. Unclean Hands Claims

Both Meng and Hor have raised the doctrine c;f unclean hands, which if proven, could
defeat Chu’s laches defense. Under the unclean hands doctrine, “[e}ven if unable to overcome
the presumption, a [plaintiff] may be able to preclude application of the laches defense with
proof that the [defendant] was itself guilty of misdeeds towards the [plaintiff].” Aukerman, 960
F.2d at 1038. To succeed in an unclean hands claim, a plaintiff is required to show that the
defendant has “engaged in particularly egregious conduct which would change the equities

significantly in plaintiff’s favor.” Id. at 1033 (citing Bott v. Four Star Corp., 807 F.2d 1567,
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1576 (Fed. Cir. 1986)). In the inventorship context, “a plaintiff relying on the unclean hands
doctrine to defeat a defense of laches must show not only that the defendant engaged in
misconduct, but moreover that the defendant’s misconduct was responsible for the plaintiff’s
delay in bringing suit.” Sedarevic, 532 F.3d at 1361.

Chu has moved to dismiss Hor and Meng’s unclean hands claims under Federal Rule of
Civil Procedure 12(b)(6), or in the alternative, for summary judgment. Chu first argues that Rule
9(b) requires that unclean hands allegations sounding in fraud to be plead with particularity. A
charge of fraud should be stricken from a pleading where “it is clear that, under no
circumstances, could proof, conforming to the strict requirements provided in the fraud charges,
be introduced under the pleadings, which would probably convince the trier of the facts that
fraud had in fact been perpetrated.” Massey-Ferguson, Inc. v. Bent Equip. Co., 283 F.2d 12, 15
(5th Cir. 1960). Obviously, the threshold question is whether Hor and Meng’s unclean hands
claims, in fact, allege fraudulent conduct on part of the defendant. Chu’s motion and reply,
however, fail to adequately explain the basis for his contention that Meng’s unclean hands claim
sounds in fraud. Indeed, as discussed below, Meng essentially argues that Chu’s counsel
engaged in misconduct by failing to advise her properly during the Wu Interference, but it is
unclear whether Meng alleges that this misconduct amounted to fraud. Thus, the Court declines
to analyze whether Hor and Meng have met Rule 9(b) pleading standards.

Alternatively, Chu argues that Hor and Meng have failed to raise a genuine issue of
material fact as to the required elements for unclean hands. Meng argues that Chu is guilty of
unclean hands because Chu’s counsel, Cox, “set up Meng-particularly through her declarations-
for the argument that she was acting as a ‘pair of hands’ because that argument benefitted Chu

and UH in the interference, possibly at her expense.” (Meng Resp. at 33.) Thus, Meng does not
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allege that Chu engaged in misconduct. Rather she claims that UH’s counsel, Cox, engaged in
egregious conduct by failing to inform her that she was not an inventor on the patent application
and that Wu argued the patent was invalid for failure to name Wu and, possibly, Meng, as
inventors. Hor, for his part, did not respond to Chu’s motion. Thus, the Court is unaware of the
egregious conduct in which Hor alleges Chu engaged.

Although Meng may have raised a genuine issue of material fact as to whether Cox failed
to tell her she was not named as an inventor or that Wu alleged she should have been included,
she has not explained why she believes Cox’s omissions can be attributed to Chu. She also fails
to demonstrate that Cox’s actions amounted to egregious conduct or that his actions are
responsible for her long delay in bringing suit.

Indeed, Meng fails to cite authority indicating that the conduct of someone other than the
defendant may suffice for purposes of making out a successful unclean hands claim. In arguing
that Cox engaged in misconduct, Meng alleges that he violated Texas Disciplinary Rules of
Professional Conduct 1.06(b)(2), 1.12(e), and 4.03 by not advising Meng that her interests were
potentially at issue in the proceeding. The three sections Meng cites, however, do not actually
stand for the proposition that Cox had a duty to inform Meng, an unrepresented witness, of Wu’s
allegations. Indeed, the most applicable of the three rules, 4.03, states:

In dealing on behalf of a client with a person who is not represented by counsel, a

lawyer shall not state or imply that the lawyer is disinterested. When the lawyer

knows or reasonably should know that the unrepresented person misunderstands

the lawyer’s role in the matter, the lawyer shall make reasonable efforts to correct

the misunderstanding.

Meng has not alleged that Cox stated or implied that he was disinterested in the matter.

In fact, she admits that she understood at all relevant times that Cox was UH’s lawyer, not her

own. As long as Cox advised Meng that he represented UH’s interests in the proceeding, it does
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not appear Cox violated the rules she cites. Further, prior to the start of the Wu Interference,
Cox made it clear that, based on the information Meng provided, in his judgment, she was
simply a pair of hands and not an inventor. By the time the Wu Interference began, Meng had
provided Cox with no information inconsistent with his belief. She then attested to facts that
confirmed to Cox that she was indeed not a source of inventive contributions. Under these
circumstances, the Court believes there is no question that Cox’s failure to affirmatively advise
Meng of Wu'’s interference claims does not amount to egregious conduct.

Even if Cox had engaged in misconduct, the Court is not persuaded that his failure to
inform Meng of Wu’s allegations led to her delay in correcting inventorship. Of course, the
Court has already determined that Meng should have known that she was not an inventor based
on the information available to her at the time. Thus, Meng’s own lack of diligence is
responsible for her delay in filing suit, not Cox’s failure to confirm that which she should have
known already. Moreover, it is unclear what Meng claims she would have done differently had
Cox advised her of Wu’s allegations. Indeed, the Court is troubled by the implication that she
would not have sworn to what she now claims were lies, had she known they harmed her own
claims to inventorship. In conclusion, Meng’s allegations against Cox do not rise to the level of
egregious conduct that would change the equities significantly in her favor.

D. Equitable Estoppel

Relatedly, although not raised by Chu, the Court is convinced that, in addition to laches,
the doctrine of equitable estoppel applies to bar Hor’s and Meng’s claims of inventorship.
“Equitable estoppel to assert a claim is another defense addressed to the sound discretion of the
trial court.” Aukerman, 960 F.2d 1041. Where equitable estoppel is established, all reliefon a

claim may be barred.” Id. The defense generally has three important elements: 1) the actor, who
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usually must have knowledge of the true facts, communicates something in a misleading way,
either by words, conduct or silence, 2) the other relies upon that communication, and 3) the other
would be harmed materially if the actor is later permitted to assert any claim inconsistent with
his earlier conduct. /d.

The first element of equitable estoppel concerns the statements or conduct of the alleged
co-inventor, which must “‘communicate something in a misleading way.”” Id. at 1042. In this
case, Meng and Hor both claim they were untruthful during the 1987 or 1988 meeting with Cox
in which they asserted that they did not remember who first conceived of the Yttrium
substitution. In addition, Meng claims that she was again dishonest during the Wu Interference
when she testified that it was Chu who communicated the Yttrium substitution idea to her. She
also now recants her 1990 and 1993 statements in which she stated that she was working
pursuant to Chu’s direction when she made the rare earth superconductor discoveries that now,
in part, form the basis of her inventorship claim.

In naming Chu as the sole inventor, Chu and UH’s legal counsel relied on Hor’s alleged
lack of recollection and Meng’s repeated representations that Chu conceived of the Yttrium
substitution. They also relied on Meng’s statements that she worked pursuant to Chu’s direction
in conducting the rare earth element substitution experiments. Had Chu and UH’s counsel
known at the time that Meng and Hor believed that they actually conceived of multiple
inventions covered by the patents-in-suit, they could have investigated the scientists’ claims over
twenty years ago when the parties’ memories were fresh. If UH determined their claims had
merit, it could have included them as inventors on the initial applications or petitioned to correct
inventorship while the patents were still pending. Even if UH had deemed them non-inventors,

Hor and Meng could have elected to pursue one of the previously discussed pre-issuance
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remedies. Hor and Meng, however, admit to misleading Chu and UH into believing their
participation in the discoveries did not rise to the level of inventorship. As explained supra, by
changing their stories and bringing claims to inventorship more than twenty years later, Chu is
greatly prejudiced in defending his position as the sole inventor. As such, the Court also finds
Hor’s and Meng’s claims to inventorship are altematively barred by the doctrine of equitable
estoppel.
IV. CONCLUSION

Hor and Meng unreasonably delayed in taking action to correct the inventorship of the
patents-in-suit from the time they knew .or should have known of their claims. The significant
passage of time has caused Chu prejudice in defending his position as the sole inventor. The
actions of UH’s counsel during the Wu Interference do not sufficiently change the equities 1n
Hor and Meng’s favor. As such, Chu’s Motion for Summary Judgment on the Inventorship
Claims of Pei-Hreng Hor and Ruling Meng Based on Laches is GRANTED. Additionally,
Defendant’s Motions to Dismiss or in the Alternative for Summary Judgment Upon Intervenor
Meng’s and Plaintiff Hor’s Unclean Hand Defenses are GRANTED.

IT IS SO ORDERED.

SIGNED at Houston, Texas, on this the 20th day of January, 2011.

YL S P S

KEITH P. ELLISON
UNITED STATES DISTRICT JUDGE
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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
PEI-HRENG HOR, §
Plaintiff, g
v. g CIVIL ACTION NO. 4:08-cv-3584
CHING-WU “PAUL” CHU, g
Defendant. g

MEMORANDUM & ORDER

Plaintiff Pei-Hreng Hor and Intervenor Ruling Meng seek a new trial. (Doc. No. 108.)
For the following reasons, their Joint Motion must be denied.

Contrary to the arguments in the Joint Motion, the Court did not intend to, and did not,
add to 35 U.S.C. § 256 a diligence requirement. Rather, the Court applied the equitable doctrine
of laches which has long predated § 256. No authority that has been cited purports to strip trial
courts of this long-established, necessary, and directly applicable doctrine.

As to the Court’s sua sponte invocation of equitable estoppel as an alternative grounds:
for barring Hor and Meng's inventorship claims, Hor and Meng do not controvert the evidence
that they remained silent from [987-88 to 2006 regarding their claims. Nor do they offer any
reason to doubt that Hor’s silence and Meng’s support for Defendant Chu was relied on by Chu.
Finally, Hor and Meng’s silence and misleading actions have undoubtedly caused material
evidentiary prejudice.

The Joint Motion is DENIED.
IT IS SO ORDERED.
SIGNED at Houston, Texas, on this the [_Z_ };:y-of July, 2011.
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1
SUPERCONDUCTIVITY IN
SQUARF-PLANAR COMPOUND SYSTEMS

CROSS-REFERENCE TO REILATT:D
APPLICATIONS

This 15 a continmation-in-part of Scr. No 07:012.205. filed
[eb, 6. 1987 entitled 1 ligh Transition Tomperatuwre Super-
conduetling Compositon™. now abanduned. which in wm is
a comtinuation-in-pzrt of Ser: No. 07/006.991, filed Jan. 26.
1987, entutled “Superconducting Compositions And Method
For Enhancing Iheir Transition Tempermtures By Pressure™.
now abandoned. which in tum is a continvation-in-pan of
Ser. No. 07/002.0R9, fited Jan. 12. 1987, entitled ~Super-~
conducting Camposition and Method.™, now abandoned,

STATEMENTS REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT]

This invention was made with United States Government
support under Grant No. DMR-8204173 awarded by the
National Science Foundation and Giram No. NACGW-Y47
awarded by the National Aervnautics and Space Admunis-
tralion, and the United States Government has certain rights
in the invention.

SACKGROUND OF THE INVENTTON

This inveution relates to supcrconducting compositions.
... compositions offering no elecinical resistance at a tew-
perature beJow a criticul temperature: to processes for their
prxduction and to methods tor their use: and 0 methods for
increasing the superconducting transition temperature of’
superconducting cmpasiticns.

Superconductivity was discovered in 1911, Historieally,
the first pbserved and most distinctive propenly of 2 super-
conductive material is the near 1otal loss of electrical resis-
tance by the maerial when at or below a critical tempersture
what is 4 characteristic of the material. This crtical tempera-
ture i referred 1 as the supercunducting transition (empera-
ture of the material. T,.. The criteria by which a selection of
the eritical temperature valuc is determined from a transition
in the change in resistaace observed is often nut cbvious
from the lilcrature. Many past authors have chosen the
mid-puint of such curve as the probable critical lemperature
of their idealizcd maerial. while many others have chosen
to report as the ¢ritical tcmperature the hiphest temperuture
at which a deviation from the normal state resistiviry prop-
eny is ubserved. Heace, the literanire may report difiering
temperatores within a garrow range as the critical or super-
conducting trznsition temperature tor the same material.
depending on the particular author’s method for sclecting '1,
feom the observed data.

‘the history of rescarch inte the superconductivity of
specific maenials began with the discovery in 1911 that
mercury superconducts ar a transition temperature of about
4“K. In the late 1920%s. NbC was found 1o superconduct al
a higher temperature, namely up to about 19.5°K, Thereafier

other compounds and alloys of Nb were examinad and
various Nb compositions were discovered with progres-
sively, but only slightly higher, superconducting transitiun
temperatures. In the early 1940°s NbN was abserved with a
transition temperature of abowt 14°K: Nb,Sn wis reported in
the carly 1950's: Nb, (Al—{ic) was reported in the late
1900's: and Nb,Ge was reported in the early 197(Fs to have
a transition tempeature af sbout 17°K. Carelul optimization
of Nb,Ge thin films led 10 an increase ol the critical
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temperuture fur such materiat up W 23.3°K. While this work
led to progress the maximum rempersture at which super-
conductivity could oceur was raised to only 23.3°K sinee
nesearch started threc-quarters of a century sgo. The existing
theories explained the superconductivity of these materials,
but did pot predict superconductivity of higher then 40°K.
Signifivint progress in (inding materials which superconduct
at bigher transition temperanges than that of NbGe thin
films was nol made untl 1986.

In [V86. specially prepared coprecipitated and heat
treated mixtures of lanthanum, barium. copper and oxygen,
that have an abrupt decrease in rosisgvity “reminiscent ot
the anset of percolative supercanductivily” were reparted by
J. ¢, Bednorz and R. A. Mullee, “Pussible ITigh T, Super-
conductivity Tn the Ra 1a Cu O Sysiem.™ 7. Phys,
R. Coodensed Maner. 64, pp. 189-102 (1086). Under
aunospheric pressure conditions. the abrupt change in resis-
livity {or these compositions—-i.e.. that temperature a1 which
a portion vf (e Maleria) beginy o show properiies reminis-
cent of perculative superconductivity —were reported o
approach the 30°K range. The anthors refer ta this phenom-
enon us 2 “possible” casc of supcerconductivity. The com-
positions reponied by Bednorz et al to have such properties
at a temperature as bigh as 30" K comprise La;_ Ba Cuy
Ospay: where X 075 10 1 and Y>0. The Bedaorz o at
compositions are prepared by coprucipitation vl Ba-, Lu- and
Cu-nitrate solutions by addition to an oxalic acid solution
followed hy decomposition and solid-state reaction of the
coprecipitate at $O0° CC, for 5 hours. Thenafler. the compo-

+ sition is prossed to pellets at 4 Kilobars and the pellets are

sintered 4t a emperature below 950° C. in a reduced oxygen
aumosphere of 0.2x10™* bar. Bednorz et al reported that this
method of sample preparation s of crucial importance to
ahtaining the ohserved phenomena,

Supercunductivity is a potemtially very usefol phenom-
cnon. It reduces heat losses w zerv in electricnl power
transmission, magnets, levitated monorail trains and many
other modem devices, However, superconductivity of a
malenal occurs only at very low temperatures. Originally,
anct unul the inventions outlined heran, liquid helium was
the required covlant W provide the conditions necessary for
superconductivity o ocour.

U would be desirable W produce a superamdueiing com-
position that has a transition tempersture which exceeds
thosc of superconducting compusitions  previously
deseribed. It wonld be particularly desirable o develup a
superconducting composition that has the potential of hav-
ing a’l, 0 77°K or higher. Such scomposition would enuble
the use of liquid nitrogen instead of liquid helium to cool the
supercopducting  equipmend and  would  dramatically
decrease the cost uf uperating acd nsulating supercouduct-
ing equipment and material.

BRIFY SUMMARY OF THE INVENTION

Described is a supercondncting composition comprising
an oxide coniplex of the kirmula [1,_ M) A0, wherin
1™ is scandium, yrivm. lanthanum. cerium. preseody-
minm neodyminm. samanum. curopiva, gadolinjum, ter-
bium. dysprosium, holmium, erbium, thulium, ytterbium, or
lutetivm. and preferably “i.” & ytirium, lanthanum neo-
dynium, samadun), curopium, gadoliniwn, erhium or nfe-
tium: A" is copper. bismuth, ttanium. tuagsten. Zirconium,
unalon. oicbivm, or vanadivm and “A™ perferably is
copper: “M™ s barfum, sirontium, calcium. magaesium or
mercury aud “M™ is preferably barium or strontiu; and ~a™
is 10 2: b7 i L, and “y" is about 2 1o about 4 and “x” is
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frum abaut 0.01 to 1.0 maximum. and when *a™ is 1 “x™ is
preternbly from sbout 0.60 to ubout 0.%0 and must prefer-
ably trom aboni 0.65 10 shout 0.80 and when “a™ is 2 =x" is
preferably (rom about .01 0 about 0.5 and most prefcrably
from about Q.07 t ahaout 0.5. The oxide complexes of the
invention arc prepared by n solid-siate renction procedure
which produces an oxide complex having an cohanced
superconducting  transition tetoperature compared 0 an
oxids culaplex of like cmpirical composition prepared by a
capreciputation - high temperature dexunposition prwe-
dure.

When “L" is lanthanum and *‘M™ is barium. the transition
temperatures o ansal antl complete superconductivity, T, ,,
and t, (as scen in FIG. §). respectively. mav be increased
by subjecting the barium species of a lanthanum containing
axide complex to pressure up to 18 kilobars. Tikewise the
non-barium species of the oxide coinplexes uf the invention
exhibit an enhancement to higher limits ¢of their supercon-
ducting transition 1cmperatures when subjected 1o high
pressures.

‘Ihe application and maintenance of high pressure on such
oxide complexes is believed to enhance the transition tem-
perature to higher limits by neducing the interatomic spac-
inps between elerents I, A, M and ¢ compared 1o their
respective spacings when the oxide complex is under atmo-
spheric pressure only.

Altenmtvely, an ulioline carth metal having an atomic
radius smaller than barium may be used in whole or in part
to fulfill the alkatine carth metal constituent requirement 1o
provide an axide complex having reduced interatomic spac-
ings between dlements. [ . A. M and ) even when the nxide
complex is ymder anly atmospheric pressure. compand 1o a
pure barium species, thus increasing T, and T . Applica-
ton of pressure up to 18 kilobars will even further enhance
the T, and 7T, of such substituted or non-harum oxide
cimplex species,

It has also been found that oxide complexes having
supereonductivity in the 90°K runge are prrducer] wherein
“L™ is  yutum, lanthanum. neodymium. samarum.
curopium. gadolinium. erbium or Juletium and “a™ is 1 and
“x" is from about 0.65 10 about (.80, preferably about 0.667.
Such oxides may be produced o have nnigue square planar
“A™atoms cach surrounded by four oxygen atoms. The
90°K range for superconductivity of such oxides wherein
“A™ s copper and “M™ is barium is believed w he atribut-
able to the quasi-two-dimensional assembly of CuO.—Ba -
Cui);-luyers sandwiched between two “L™ Luvers.

With an oxide complex prepanred by the solid-slate neac-
tion of the invention a transition tempernture us high s
100°K has been ahcerved even nnder atmospheric prossure.

BRIEF DRESCRIPTION OF TI1L: DRAWINGS

FIG. 1 illustrates the reduction in electrical § resissnce as
lemperature is decreased of a La—~Ba—--Cu—O composition
as prepared according to Fxample V.

FIG. 2 illustrates the ephancement swwards higher tem-
peratures of the vnset transition temperature (1) as applied
pressune is incressed upor ala Ba Cu O coinposition
as prepared according v Exnmuple V.

FIC. 3 dllustrates the magnetic field effect on resistivily ol
a la-—Ba—Cu—O composition as prepared gccurding to
Example V.

FIG. 4 illustrates the magnetic susceptibility as & 15
fimetion of temperature of a {a—Ba—{"u—O conpositton
s prepared according to Fxample V.
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F1C. § itlusirates the eastivity and diamapnetic shill
a functikm of temperuture of a La Ba Co O compaosi-
fion prepared according w Fxample 111

FidGi, 6 illustrates the resistivity as 8 function of tempera-
ture under differcnt applicd pressures of 5.7 kilobars. 10.5
kitobars and 16.8 kilobars of s La—Bu~Cu—0 compasi-
Hon as prepaned according o Faxample AL

FIG. 7 illusirates the effect of applied pressute on onset
temperatures (T,j. midpoint temperature (T ) and tem-
persture  for complete  supercenductivity (T.,) of a
La Ba Cu O composition prepared according to
Example 11l

FIG. 8 illustraies the reduction in clectrical resistance as
temperature is decressed of a Y—Ba—Cu—C compusition
as prepared according (o Kxample X1

FIG. 9 illustrates the iemperature dependence of magnetic
susceptibility ofaY Ba Cu O composition as prepared
accordiug to Bxrample X1,

FIG. 10 illustrates the mapgetic field effecy on the resis-
e ofaY Bu Cu -Oconposition as prepared accord-
ing 1o Examplc XI.

FIG. 11 ilustrates the iemperature dependence aof resis-
tance and mapnetic suspectibility of a GdBa,Cu,0,, ;0xide
cannplex ax prepared according 10 Example XIV.

FI1G. 12 illustrates the temperarure dependence of resis-
tance and magnetic suspeciibility of a SmBa,Cu,0,, ; oxide
complex as prepared according to Foumple XIV.

FIG. 12 is a schematic representution of the steuctures ol
a (La,,Ba,., )CuQ,_, oxide complex strueture us prepured
acconcding to Example VI apd of a LaBa,Cu,0,,; oxide
camplex structure as prepared sceerding to Exarmple XML

FIG 14 is the X-ruy diffraction patterns fior a ({.o_Bage,,)
CuQ),__ oxide cownplex as prepared according to Example
VI and for an LaBa;Cu,Q,,, oxide complex as prepared
according o Fxample XIIi.

DETAULED DESCRIPTION OF THE
PRUFERRLED EMBODIMEMTS

Superconducting compositions of this invention comprise
un oxide complex defined by the uflowing formuls:
o ML,
wherein “L™ is an clement sclected from the

s consisting of scandium. yuwrivm, -lamhanum, cerium.

prascodymium. neodymium. samarium. europium, gado-
lintum, terbium. dyprosivm, hulmivm, erbium, thuliam.
yuerbiun. luedtivm or 3 mixtere of one or more of these
elements, and preferably “L™ is yitrium. lsnthunum neo-
dvnium. sawariun. ewopium. gadolinium. crbium or lute-
tium; wherein “A” is an clement selected from the group
cousisting of copper. bismuth. titumium. ungsten, zirco-
nium. tantalum. niobium, vanadium or a mixiure of one ar
more of these elements and “A” is preferebly copper;

§ wherein "M is an element selected from the group consist-

ing of barium. strentium. caleium., magnesivm and mercury
or 3 mixture of one ar more of these elemems and “M™ is
preferably barimn or strontium: and wherein 2™ is 3 10 2,
“b7is 1. und "y is about 2 1o about 4, ~x™ is from abont 0.01
1o 1.0 maxinium. Preferably when “a™ is 1. *x™ is from about
0.60 to about 0.90 and 1most preferably about 0.65 to about
0.80, whereas when “a™ is 2 #x” is prefershly frm ahouw
0.01 1 abon 0.5 and most preterably thom sbown 0.075 1o
about 0.5. "The amount of uxygen preseat in the composi-
tions of the present invention depends upon the valeace
requirentients of the other clements and the defocts resulting
Iroen the partienlar heat trestment used to make the compo-
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sition. The malar oxygen content “y™ is shoul 2 10 3 1inex
“b." o5 vsed in the precediog equation.

It has been observed that the transilion tenperature of
such an oxide complex is increased by the application of
pressure to the compuosition. 1t is believed that subjecting the
oxide complex to high pressunes decreases the intemtomic
distances or lartice spacing in such complexes and thaf this
may., at least in part. accound for the enhaocoment of
transition temperatures that has been abserved. Another way
1 obtamn a decrease of the interatomic distances ar lattice
spacings 15 during the preparation of the oxide complex.
Thus. for example, an alkaline carth metal havieg an atomic
radius smaller than barjum may be used in whole ur in pan
1o fulfil} the alkaline earth metal requirement lo produce an
oxide complex having reduced interalomic distances ur
Inttice spacing comparud 10 an oxide complex with barium
alone. with a consequent increase in the traasition lempera-
ture of the non-barium uxide coniplex resulting compared t
one produced with bariwm alone. The transition lemperature
is incressed in such an uxide complex tven oy measured
under atmospheric pressure.

The present invention also provides a solid-siale reaction
mcthod for making such superconducting oxide complexes.
one embodument of which is descrbed #s follows and for
convenieuce is referred 1o os the powder reaction methad
Sclected amounts of solid pewdered compounds conlaining
L. M. A. ard O, preferably appropriate amoums of L0, or
L(Ot1},, MCG, and AO are thoroughly mixed. Preferably
mixing ol the salid powder compounds is performud hy an
inlensive mixer such as 4 jar mill or mone preferably o hall
mill. The powdered mixture is then heated in an oxygen-
coataining atmasphere. at an appropriate pressure. and al &
teniperature of hetwoen about 6407 C. and 800" C. for a time
sutficient o resct the mixture in the solid state. |he tem-
peratwre of the mixture is conveniently incrcased to the
640-800° (', target temperatare at a rate of 1 C. per
minute. The mixture is kept at this argel iemperature for a
time sufficient 10 allow the solid-state mixture o react.
Preferably. the mixture is altowed to react for sbout 3n hour
The resuhing mixture 3s then hested at 8 temperalure
belween about 900° C. and £100° C., preferably for at least
wwelve hours. The temperature is raised 1o about 900 to about
100" (.. conveniently sl a rate of about 30° €. per minute.
‘The samples ure kept at the 900 to 1100° C. wemperature for
a time suficient to compleie the solid state reaction of the
materials, e completed solid state reacted product bewag
that product having the components completely diffused
trough the composition. Vhe samples wre then cooled 1o
room lemperature. The reaction mixiure is then homog-
euized. The sumple is homogenized preferably by pulveris-
ing the reacted mixturc in a jar mill and more preferabty in
a bal] mill for at keast 1 hour. The pulverized mixtere is then
hented repidly 10 buween 90-1100° C. jhe mixture is
maintained at this temperature preferably for at least 6 hours
Afier this step, the mixwre is compressed under & pressure
of at least one kilobur. This compresses the powdered
mixture inlo pellets or other coherent compactad form. The

pclicts arc then sinterud into solid cylinders. This sintering
process is preferably performed at a pressure between 2ero
1o two kilobars at a temperature of beiween about %00 11007
C. and for aboul fuur lLwurs. Finelly, the samples are
quenched  rapidly  from Whis  wemperatare of between
900- 1100 . to room wemperature, in alr or an inert pas
atmosphere such as Ar. This final step. aloag with tharough
mixing of this mixture. decreases the range of the super-
copducting transition of the tomposition. This supercon-
ducting tronsition range js the range ot temperntires

6

between the point when 2 pontion of the malerial shows

superconductive propertios {onsel lrunsilion temperarure)

and the temperawne at which the compusition shows com-
pletc superconductive propertics.

s Compositions made in this process may be compressed to

pressures thit exceed mMmosphenc pressure. preferably in the

range of | 10 20 kilobars. This increast in pressurce typically
incrcases the 1, of the composition.

An allemative method {or making such oxide complex
superconductive compositions includes the followiug steps.
ard for convenience is referred to as the compressed powder
reaction method. Selevied amuunts of sofid powdered cam-
pounds containing L. M. A, and O are thoroughly mixed,
prefurably by selecting appropriate amounts of L,0, or
1eOH)Y,, MCO, and AOD. The thonuphly mined powder
mixture is compressed inle pellets which are thereafter
reacted sl a tempersture between about 860° €. and about
1100° .. preferably aboun 900° C. 10 about 1100” (., for a
time sufflicient 1o complete the solid state reaction.

a Thereafter the reacted pellets are rupidly quenched to
fonm temperature. Agamn, mixing is preferably accom-
plished by an intensive mixer such as a jar mill or more
preferably a ball mill. Pelletization of the oxide mixture is
carried out at an applied pressure of from about 100 t about

25 30.000 psi and preterubly at an apphied prossure ol from

abour 100 to about 500 psi, most preferably st about 500 psi.

Reuction af 1he pelletized mixure may be conducied in air

for about § minutes to about 24 hours, and most preferably

in a reduced oxygen atmosphere of about 2000y for about 3

to abowt 30 minutes preferably for about 5 to ahout 15

minutes. Following the completion of the reaction step the

reacted pellet composition is rapidly quenched to room
temperaiure I air. such as by being placed on an aluminuiu
plate s o heut sink. Wheremn the axide complex is prepared

3% by reaction under a reduced oxygen aimosphere the reacted

pelict may be rapidly quenched by passing a How of ambient

remperalure oxygen through the aven aver the sample.

Anvther method for preparing oxide complexes which
exhibit significantly enhancol runsition  temperatures
includes the following steps: thomwghly mixing sclected
amaounts of solid powden:d compounds containing L. M. A
and O. preferably by selecting appropriate amounts of L,0,
ur LIOH) . MO, and ACK, depasiting the oxide mixture on
a copper substrate which has been cleaned of its copper
 oxide surfzee film, preferably by acid cleaning in dilute

hydrochloric acid solutian: compressing ihe oxide mixmre

against the copper substrate at an applied pressure of from

abott 100 o abaut 1000 psi, preforably at about 100 10 200

psi, W tbrm the oxide mixwre into a {itm or layer on the

. copper substrate; heating the copper substrule and oxide

mixture layered thereon 10 a temperature of from about 900

to about 1100° C. in aic for from about S miputes w about

24 hours, and preterably forabowt 5 w about 15 minutes: and
quenching i copper subsirale and oxide mixture layered

33 thereon 1o mom emperatute it air laspection of the oxide
mixture kiyer which results from this method vl preparation
discloses that il comprises three phases, the first of which
adjucent the copper subsirate comprises a glassy insulating
laycr phase: the second phase is the superconducting laver
phase: and the third phase which borders with the sceond
supercanducting phase is 3 powdery compound which is
also s insulator laver phuse.

Siill auother ahernative methad ncludes within any of the
immediately foregoing solid-siate rcaction methods the step
of reducing interstomic distances. either by the application
of pressure w the uxide complex or by the use of awunic
elements which provides smaller latice spacings. A pre-
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ferred oxide complex which exhibits a sigmificaniiy
enhanced superconlucting Irunsition temperature is pre-
pared by utilizing vitrium as the “L™ compazent.

Oxide complexes of the formuta [{., M_[,A,0, prepured
by a solid-state reaction pricedurs as describod extibit
superconducting propertics st transition temperatures higher
than heretofore neported. The barium species of the oxide
complex. that is wherein “M™ is anly barium, as prepared by
the described sulid-state reaction procedures exhibits super-
couducting propertics hogiming at a higher onsa wempera-
e (T} than the temperature reported by Bednorz et al as
that wherein, for an oxide complex of similar cmpirical
composition but prepared by a coprecipitation method. 2
pheunomenon “reminiscent of the onset of percolative super-

cuotiductivity™ was observed. Further, it has been surprisingly.

found that the superconductivity transition temperature of

axide complexes of the formula {L,_ M, A0, prepared by’

thc solid-state reaction procedure is further enhanced
tewards higher limits by the application 1o and maintenaace

of pressure ot the oxide complex up o sbow 18 kilohars, 2

Bascd upon present beliel, it is thought tha the spplica-
tion of and mzirtenance of high pressurc on such oxide
complexes ephances \beir superconducting, transition tem-
perature by producing, a ceduction of the inwratomic dis-
tance or Jattice spacing between the metal atoms formiog the
complex. The application and meinienance of high pressun:
on such oxide complexes may also enhance the transition
temperature by suppressing instabilities detrimentaf to a
high temperature superconductivity and thus pemmuitting, the
existence ol superconducting phase species (0 secur within
the body of the oxide complex 2t a higher temperature than
that at which such phase could formn at atinospheric pressure.
Pressure has been found to enhance the T, ol {8-—Ba—

e Oand la 8¢ Cu O oxide complexes at a rate of
greater than 107 *°K-bar~' and to mise the onset T, to 57°K. 2

reaching @ scTo-resistance state 1, at 40°K. It is believed
that pressure reduces the laitice parameter and enhances the
Cu™/Cu*? mtio in the cumpounds. The umpsually large
pressure etfect an T, suggests that the high tempernture
supcrconductivity in La- -Ba—Cu—O and 1a--Sr--
Cu—0) camplexes Ny be associated with interfacial clfects
arising from mixed phases: interfaces between the metal and
nsubatar layers, or copeentntion uctoations within the
K;NiF, phasc: strong superennlucting intcractions due 10
the mixed valence states; or » yet unidentificd phase
Although the unexpected enbancement of transition tem-
perature that the application of pressurc w© such oxide
complexes produces has been repesledly observed. & mecha-
nsm which adequately explains the pressure effect has not
yet been fully determinad.

The transition temperature of such oxide complexes is
enthamed by the upplication of pressure, and that this etfect
is at least in pant due o 2 resulfing redoction in mteratomic
spacing in the oxide complex is evidencod by an enhance-
ment of transition temperafure (hat may be produced withous
the application of extrinsic pressure by employing in the
firmation of the oxide complex un alkaline carth metal
having smaller ntomic radivs than that of barium. A similar
ephancement of transition lemperanure has been observed
when ytirium is used as the “I ™ component rather than
lanthanum.

Henoe, when preparing un uxide complex of the W
invenrion. i1 is preferred t completcly or partially substitute
for the barium atoms. atomic radius of 2.22 angstroms,
smaller alkuline carth metal atoms, i.e., stontium, atomic
radins of 2.15 angstrowns, cajcium, atomic radins of 1.97
angstrows. or imagnesivin, alemic radivs ot 1.6 angstroms.
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Similady. complete or panial substiution of (the lanthunum
atoms. atvmic radius of 1.87 angstroms. wih the smaller
lutetium atoms, atomic radius of 1.75 angstroms. or vitrium,
wlomic radius (.78 angstroms. will provide this saine effect.
‘The application of pressure 10 such oxide complexes that are
prepared to bave decreased interatomic spacings will further
enhance the transition temperature of such compositions (o

-higher Kmits.

Alweratively. the deposition of a lanthanum, barion.
capper. axide film on a substrale with smaller lattice param-
eters. such as a lanthanum. calciwn, copper oxide substrate,
will reduce 1he interatomic spacing of the superconducting
composition. and thus will increase the T, of the oxide
complex auupwsiton, Punber. cladding of o lanthansm.
harium, capper uxide composition wilth metals boving lorger
thermal expansion coeflicients, such as copper, will apply
and maintain the pressure required [o reduce the interatomic
distances between the elements in the oxide conplex com-
position and hence will incresse the T ol the composition.

When yndwn was utilized as the “L." companem in
substitwtion of lanthanum W provide an oxide complex of
the nominal composition Y, B, 4CuQ),- the oxide complex
exhibited superconductivily suding at 98°K and u scru-
resbtance stale at 94K, insuoag contrmst o thela  Ba
Cu O and La—Sr—Cu—0O axide systems with a K,NiF,
like phase structure, the Y—Ba—Cu—C oxide system was
observed to have only a slight enhancement of its transition
lemperture by the application of pressure up to 19 Kbar.
Examination of the Y—Ra—-Cu—O oxide revealed than it
wus comprised of mixed phases. The phases were separated
and identificd as tetragonal YUia,Cn,0,,, (black) and
orthorhembic Y, BaCu(), (green). The black and green
phases comprised at lease 95% by volume of tie initial
Y—Ra~Cu—{ oxide complex. Magndtic measurements
on the oxide complex showed that the black phase was
responsible for the high wmpereture superconductivity
detected. Single phase YBa,CuyOg,; samples (hereafier
referred (0 s “YBOO™) wene prepared and exhibited 8 100%
ac dizmagnetic shifl. The molar oxygen content of the black
phase is preater than (wice that of the mokir conlent of
capper by an exavt umount as yet undeteymined. as indicated
by the & sywbel in the phase farmula.

‘Lie high temperature superconhucting black phasc. an a
single phase basis, cotresponds to the formula [1.,_ M.},
A0, wherein “1.” is yttrium, “M™ is barium, “A™ is copper.
“ais L7b"is L. Y™ is 2 W 4 and “x” is 0.667. Further
telrgonat oxide species wene propencd sccorling to the
formula os above stated. but where “17 is lanthanum.
peodymium, swnarium, curopium. gadelinium. erbium or
ttetium. For convenience the oxide complexes so prepared
are hereafier refered 0 as LaBCO, NeBCO, $aBCO.
GaBCO. FrRCO. snd LaBCO. respectively All such axide
specics wore found to be superconducting wilh en ansct
temperature T, between 90 and 95°K and a zero-resistance
state T, benwveen 70 aud 24°K. This shows that dilferent
drivalent “1."-ukuns do not drmatically affect the supercon-
ductivity property which is an intrinsic property in this class
of compounds. The bugh temperature superconductivity
observed in this class of compounds is believed to be
associated with the Cu0,—Ba—Cu0,--Ba (u0, plane
assembly sandwiched htween the “f " -layers. The signifi-
cance of the inter-plune coupling within the layer-assembly
is especially evidem from the enhanced supcreonducting
truisiion from ~-30°K in the K NiF, like structure of a
Ta—Ba—Cu—0O or La Sr Co O type oxide (of
Framptes | V1) to ~80°K in the L32,C'0,0,, , structure as
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so prepared. Bipger laver-assembly s predicted o yield
even higher T, superconducting oxides,

All samples of the LaBCQ. NeBCO, SuBCO, FRCO.
GaBCO. ErBCO and TuBCO with an LBa.Cu )., struc-
ture were syvuthesized by the solid state reaction of appro-
priale amounts of sesqui oxides of La, Nd. Sm. Lu. Gd, Lir
and I with sppropriatc amounts of BaCO,; and CuO in a
fashion as described in Lixamples XII 1o XiV Structunsl
analyses were carried out with a Rigaku D-MAX Xeoray
power diffractometer. Samples of dimensicns ! mmx0.5
mmx4 mm were cut from the sintered cylinders. A standard
four-lcad techaique was employed for the resistance R
measuretients, and a Linear Rescarch ac inductance bndpe
was used for the mapnetic susceptibality x detcrminations
The temiperature wax measured using an Au0.07% Fe-
Chronte! or cheomel-aluinel thermocouple above 30°K and
a Ge-thennometer below.

The powder X-ray diffraction patlerns showed that all
samples except [ uBCQO pussess the single tctragonal
YBuCny(d, , stmcture, although for a couple of cases
orthohombic symmetry was also detected. The latice
parameters are given in Table 1. [ addition 1o the tctragonal
1Ba,C0,Q,,, stucture, LuBCO exhibits other phases.
which. it is believed. can be eliminated by proper heat-
treatments.

All samplcs studicd show rather sharp R-drops with an
onset lemperature T, between 91-959K. a zeno-R stafe
tempenatune T, between 70-94°K, and a devistion {rom
linear icmperature dependence ol R at tempermune 1,
hetween 91 and 160°K. Whether T, represents the begin-
uing of superconductivity is yel o be determined. All
relevant data are piven in Tuble 1 and the typical tempera-
turc-dependence of R is displayed in FIGS. 11 and 12 for
GaBCO and 8aBCO), respectively. It 1, thererore. evidem
that the sumple starts lo supcrconduct at ~80 K consistent
with the R-measurements. and the whole semple becomes
superconducting at lower temperatures,

The vhservation of superconductivity with un almost 30
constaot T, 5 in the LBa,Cu,0,,, class for “1.7-Y, fa. Nd.
Eu, Sin, Gd. Er and Lu cleardy detonstrates that supercon-
ductivity in this class af compounds is ot sensitive o =1 =,
‘This is particularly truc in view of the wide range of the
magnetic properties of the “L ™ -utoms in the counpnds. The
present results, therefore. strongly suggest that supercon-
ductivity in [.Ba.Cu, 04, , class must be assaciated with the
CuQy—Ba—Cu0; Ba CuQ, plane assembly sapd-
wiched by twao layers of L-atoms. as representesd in FIG. 13
fur “1.7=La. These Ba-coupled triple Cul),<layers of 7.7 A®
thick may be disrupted by the L-layers only along the c-axis

and tlws may retain their quasi-two-dimensjonal character- 3

istics. In the K,Nil, structure of a (La,, ,Ba, 1.Cu0, , type
oxide as shown also in FTG. 13. only individual square-lines
of Cu-atoens with f-coorlination exist with a different
stacking sequence. Thoy are disrupred afong the ¢-axis by
the disordered La—T3a layers. The X-ray difiraction patterus
for the two structural [ sRBCQ compounds are also shown it
FIti. 14 fer comparisan. The difference between the two
stricrures is belicved to be respowsible for the 3-fold dil-
ference in T, It is expected that higher T, may be oblainable
by structures with more thun three CuQ,-layers coupled by
mare than two Ba-layers.

Although the 1.M,A.0,,, class of high lcmperature
supesconducting oxide canplexes muy be prepared by either
the powder or coumpressed powder embodiment of the
solid-state reaction method as previously described. it is
preferred (o use the vompressed powder reaction method.
Sumple preparation paramelers can atlect the electronic mul
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magnetic prmpertios of the 1M, AL, , class of paide com-
pounds drastically. It has been observed that the formation
conditons for LBa,Cug_, for different “1.°s™ ure di flerent.
The reaction-tine, the reaction temperature, the quenching
rate, the reaction aunosphere and the compositions are all
inter-related. Far instance. oxide complexes within this class
can be made nsulating. partially superconducting or com-
pletely superconducting by varying the reaction atmwosphere
and the quenching rute while keeping the compuositions
unchunged. Tu spile of this wide reoge of vanation of
electrical properties. saunples showed onfy very slight dif-
ferences in their X-my diffrection panterns. strongly supggest-
ing that oxveen-content plays an important role in super-
conductivity of oxides.

Crenerally whenein the reaction atmosphens iy a neduced
oxvgen atmosphere of about 2000p the reaction may b
conducted at a lower temperature than where the reaction is
carried out under atmospheric conditions. Under a reduced
oxygen aunosphere of about 2000 the reaction teraperuture
required to pruduce 2n axide complex having superconduct-
ing properties is from about 800 1o shoumt 1000° ¢ and
preferably from about 820 to abow 950° C. For a reaction
under atmospheric conditions the wemperature required to
produce superconducting propenties is frun about 900
abaut 1100° C.. preterably from about 950 tw ahauw 1000° C.
For cither type ot reaction atmosphcere higher temperatures,
up 1o the meltiog point of the Jowest melting compment of
the starting matermls. could be ewmployed: however it is
generally preferred nol o use such higher reaction tempera-
wres sinee they may tend to deyrade the superconducting
properties of the resulting oxide complex compared 10 the
oplimum aftainable by we of lawer reaction temperatures.
The optimum reaction temperature is dependent upon the
clemental composition ol the oxide complex being prepared

3 and the optimum reaction temperature tor a particular oxide

compicx may be established without undue experimentation.
Reacticns carried out ot temperatures significantly lower
titan as discussed above generally result in an axide complex
that bas only insulating or semiconducting electrical prop-
erties rather than superconducting propertivs.

‘The reaction atmosphers empluyed also influences the
une of reaction to completion. Generally, reaction under a
redeced oxygea almusphere of about 2000n roquires a
sigaificantly shorner reaction, on the order of abaout 15 to 45
migutes for gram size reactians, compared Lo an atmaspheric
reaction. which generally reuines from about 45 minutes to
8 hours for gram size reactions. A similar trend would be
expected Kir Turger scule reactions, sithough the optimum
reaction time tor such lacger scule renction would have w be
determined by vhscrvation. One method for detenmination
ol the cempletion of reaction is to monitor samples by X-ray
diffraction for depletion of diftraction peiks that correspand
10 the starting material and growth o maximum intensity af
ditiraction peaks which correspond to the desired tetragonal
LM, 4,03, phase The optimum reaction time ix dependanl
upon the clemental composition of the oxide complex being
prepirred and may be established by vbservation withoul
undue experitiemation. Optimun superconducting proper-
ties are ubtained by timiug the reaction te that point wherein
the nuximum amount of starting materials have heen con-
veried to the desired tetragonal LM,A,0, 5

Wheo the reaction has prceeded 1w the paim of maxi-
mum anainable LM,A,O,,, pbese content, it is desiruble o
then rapidly quench the reaction material 1o room tempera-
ture. This generally produces a namower temperature tran-
sition ronge between 1, and T, for the oxide vomplex so
produced and alsa tenminales any side reaction that may
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aceur which would otherwise convert the | MA O, phase
content tu & noasupereonducting phase stucture. For mate-
ril produced under atmospherie conditions rapid quenching
is conveniently obtained by immediately trausferring, the
reacted material from the heated reaction vessel w a heat
sink, For gram quantities of material sn aluminum plate
adequately fimctions as u suilable heat siok -for ropid
yuenching. Wherein the reacted material bas been prepared
in a reduced oxygen awmosphere. upon completion of the
reaction the sample may be rapidly quenched by passing
oxveen at ambient 1emperatune over the nseted smple.

The superconducting compositions of the present inven-
tion have the potential for being used in a wide variety of
applications. For cxample, when used in a wire or conducior
form. they may be used in electrical power transmission,
energy stomige. contralled fusion reaction. electricity gen-
erulion, Mass ransportation and magness.

In a thin film form. they may be used in ultra-sensitive
detectors and in ulra-fast computers. In addition. they iy
be used in @ superconducling-mugnetic fucting
mubkti-laver form for use in ulira-scositive ultra-fast eloctro-
magnetic micro devices.

The following examples are representative of the oxide
complexes and methods of producing the oxide complexcs
of the invention. The exivnples for certein of the composi-
tions alsy illustraw the enbancement of wansition tempera-
ture that is pruduced by the application and maintenance of
high pressure on the oxide complexes. Generally. the stan-
dard 4-probe technigue was used 1o measure resistivity, and
an inductance bridge was employed lor ac magnetic sus-
ceptibility y-determinstion. The wemperature was measured
using the Au+(.07% Fc-chromel. and chromel-alumel ther-
mocouples in the abseace of o magoetic field, and 2 carbon-
glass thermometer 1a (he presence ol fickd The Ltler wis

caulibrated against the former withowt o ficld. Magnetic fickls

up to 61 were genterated by u supcreonducting magnet.
EXAMPLE 1

6.0 grums of 14,0, 0,61 grams of Sr('()3 and 1.63 groms
of CuQ woere mixed in ajar mill for about 12 hours. The
mixture was then heated at a rate of about 10° C, per minute
in air at | aunosphere pressure, wntil it reached a tewperature
af about 7200 C, 'The mixture was then allowed (o react for
abeat an hour at about 720° C. Afler this reaction step, the
tempurature was raised 1o o temperature of aboul 1000° C,
at a rate of about 30° C'. per minute. Once at a 1000° C.
temperature, the samples were maintained at this tampera-
ture for ubout twenty-one hours. This allowed the comple-
tion of u solid state rcaction. After cooling to mom em-
perature. the reacted mixture was pulverized in a jar mill for
about 6 hours unti} the sample wus homogenized. The
pulverized mixtare was then heated rapidly to a temperatuce
al ghou 1000° €', und hept st that temperature far about

seven hours. Afier this period, the mixeure was cooled to s

roowm temperature and then compressed under a pressure of
gix kilobars. This compression canverted the mixed powder
into pellets. [he pellets were theo sigtered into solid cyln-
ders by heating them at a temperature of about 10007 C. for
a period of about four hours at a pressure of almost 7ero
kilobars. Finally. the sample was rapidly quenched from this
feraperatniee 0 ropm temperature in air.

The resulting lanthasuni-strontivm-copper-oxide compo-
sition had an empirical formula of La, S, ;C'u,0,. This
conresponds to an oxide complex of the general formula
{La,_Sc, 1. 0,0, whereiu “x™ 5 0.1, 2" i 2, *b™ is | and
“y™ is 2 10 4. The oxide complex compogition hid an poser
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superconductivity itansition temperalure (1, ) ul'45"‘!(. with
a narrow ansition widih to cxnplele sipecconductivity of
about 10¥K at ambien! pressure.

EXAMULE
6.0 grums of T a;0;. 0.6 grams of 8CO, and .63 grams

of (1K) were mixed mechanically m a jar iull for approxi-
mately 24 hours. The resulting mixture was then compressed

w into pellets by applying a pressure of abour 2 Kilobars. The

pellets were heated to about 1000° C.. and allowed to react
for about twenty-four hours in air. The reacted pellets were
then quenched rapidly to room temperature,

The §.a—St—Cu—0 composition produced from this
process had a formula of La ,Sr,, ,Cu,0,. This corresponds
w an axide cumplex of the general formula (La, _,3r,],
Cu0), wherein "x" is 0.1. "a"is 2."b"is L and Y™ is 2 to
4. This cumposition showed superconductive properties at a
temperatire of about 42°K., with a narrow transition widih of
about 6°K a1l ambient pressune.

EXAMPLE 1T

6.0 grams ot 1.2,0,. 0.81 grams 0o B2CQ, upnd 1.63 yrams
of CuQ) were mixed in a morlar-pestle apparatus for about 3
hours. {he mixture was then healed at a rte of about 1 ¢
PAT minuic in oxygen at a pressure of about 2000 microns
1T, until &t reached a temperature of 720 C. The mixture
was then allowed o react for about an hour at about 720° C,
After ithis eaction. the temperatiure was raised to & tempera-
ture ol shavt 950° C., this raise in temperature was moade at
a rate of about 307 C. per minute, Once at this temperature,
the sample was maintained ai this temperature for ahout
twenty-oue houns. Alier this period. the sample was cooled
v room tenperature and then the reacted mixlure was
pulverizd until the sample was homogenized. The pulver-
teed mixture was then heated rapidly to a temperature of
about 950° €. and kep! a1 that iemperalurce for about seven
hours. Afier this period. the sample was again cooled 1o
xun lemperalure snd the mixture was compressed uader a
pressure of six kilobars. This compression coaveried the
ntixed pesweder into pellets. The pellets were then sintered
inty sulid cylinders by heating them at a temperatre of
about 950" . for & periud of abow four hours at ambient
atmospheric pressure. Finally, the sample was eapidly
quenched from Whis temperature (o Foom iemperaturc in air.
The resutting lanthanum-barfum-capper-oxide composition
had the formula La, ,Sr,,CuQ,. The oxide complex so
formed was of'the formula [T a,_Ba,| Cu,0, wheranx"is
0.1.%a" is 2,"b™ is | aad “v" is 2 10 4. This composition was
found to be superconducting at 39°K « smbienl prossurc.
“I'his coruposition was then placed inside a pressure cell and
the compuosition was compressed 1o a pressure ot 14 kilabuns
al room kenperalure. Afler this compression slep, the len-
peralure was pradually reduced until (he composition
showed superconducting properties. This composition
showed supervonductivity properties at a temperature of
52.5°K at the applied pressure of 10 kilobars,

A sample prepared as described above exhibits only X-ray
powder diffraction patterns characteristic of the simgle
K;NiF, phasz with a resolution ~5%. The resistivity ol this
sample at umbicnt e o momMonically with
decneasing lempcmlum bul at a reduced mite below 60°K. A
lange drup in resistivity sets in at ~39°K, indicative of the

s onset of u supcroanducting transition, apd resistivity

beconres eroat T, —20°K as showa in FIG. 8, Prelimuary
s y-measurement showed diamagnetic shifl swning at
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—-32°K and resching a maxinmm ol 10% of the signal ol 2
superconducting Ph saruple of a similar size. Under applied
pressure. the supercunducling wransition is broadened but
wilh an overall shift toward higher temperatures as shown in
FIG. 6. T, has been enhanced from 39 w 52.57°K aad the
T,, from 2¢° o 25°K by application ol a pressurc of 12
kilobars as displayod in FIG. 7. The enhancement e of T,
and T, is sigpificanily reduced above 12 Xilobars. The
pressure eflect on the nudpoint temperature T, where it has
drupped by $0% of that at T, s also given n FIG. 7.7,
increases from 31° to 36°K under pressure. The decrease in
the rate of T, ephancement st 12 kilobars is acooampanicd by
an overall rosistivity increase at about T, indicating the
possible comnicncement of physical or chemicat instabili-
ties. Serivus detcrwetion of samples is alse detected upon
removal of pressure. as evidenced by the dmmatic increase
in resistivity and a semiconducting behavior at low tem-
peratures preceded hy a drop in resistivity staning at T, The
exact causes and remedy for the pressure nduced sample
deterivration ubove ~12 kilobars are currently under study.

One maeihnd of preparing the compesition of this example

" in a wirc form, while simultaneously reducing the inter-

atomic distances between the atoms in the maierial. may
include performing, these newcdon sicps while La,O, or
La(OH),. BaCQ, and CuQ have bean placed in a capper
slceve, or placing the reaction product of this mixiee
directly in the sleeve followed by drawing ur extrusion.
Because of the relalive thermal expansion coetficients ol the
capper cumnpered Lo the supereonducting compusition. the
renulfing laathanum-barium-copper-oxide would be com-
prussed by the walls of the copper sleeve. This compression
will cause the T, ol the material within the copper sleeve (the
copper sleeve itelfl i ool pant of the superconductive
material) to increase.

EXAMELLE 1V

2.0 grams of La 0. 0.2 grams o BaC0), and 0.53 prams
of CyO were mixed 1ncchanically in a montar-pesite appa-
ratus for approximately 3 hours. “The resulting mixture win
then compressed into pollets by applying # pressure of about
2 kiloburs. The pellets were heated to about 1600° C.. and
allowed 1o react for abowt twenty-four hours in air. The
reacted pellets were then quenched rpidly 10 roam tem-
peralune,

The La Ba-—Cu—O compusition produced from this
process corresponds to the fonnula [le,_ Ba LCuO,
wherein “x™ is 0.075, Ha *is 2, *b"is | and “y" is 2 10 4, The
oxide complex of this example showed superconductive

properties at a temperature of 36°K at aunospheric pressure, 56

EXAMPLE V

4.9 grams of 1.8,0,. 1.1 granis of BaCQ, and 2.8 grams

of Cu®) were mixed in a monar-pestle for 3 hours. The s

mixture was then heated in oxygen at a pressure of 15
microns Hy. until it reached a temperature of ahout 720° ¢
The wnpcrature was increased al # e of about 107 C. per
minuie. The mixture was then sllowed to react for about an
hour at about 720° .. Afler this reaction. the temperaure
was raised (0 a temperuture of about ¥25* C.. this raise in
tempertore was made al a rate of about 30° O, per minute.
Once at this temperature, the samples wene maintained at
this temperapure for about wenty-one hours. Afier this
perind, the mixture was cooted to reom temperature and then
the readted mixture was pulverized wnti] the sample was
homagenized Fhe pulverized mixture was then heated fip-
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idly tr a temaperatune of abaut Y925¢ C.. and kept at that
temperature for about seven bours. Afier this period. the
mixTure was compressed with 2 pressure of six kilohars. This
compression converted the mixed powder into pellets. The
pelicts were then sintered into solid cvlinders by heating
them o1 a temperature of about ¥25° (. for a period of about
four hours at ambient pressure. Finally. the sample was
rapidly quenched froen this iemperaturc 10 room temperature
in air. The oxide complex so formed corresponds to the
general formula [La,  Ba, | u,0, wherein “x™ is 0.15. “a”
is I."h"is laand "y is2to 4

The resulting lanthanum-barium-copper-axide composi-
tivn, superconduciing at 329K at ambient pressure. was then
placed under a pressure of ¥ kilobars using s Be—Cu high
pressure clamp using a fivid pressure medinm. P'ressure was
mezsured using a arperconducting Ph-matkuneter situated
next to the sample al room temperature. As this compressed
composition was cocled. it began showing superconductiv-
ity propertics at a temperature of 40.2°K.

Powder X-ray difiraction patterns at room temperare
showed that the sample was multiphased, consisting pre-
dominantly of K Nil, (--90%) and upidentified phases
(<10%). Under applied pressures. resistivity at 300°K is
suppressed and the drop in resistivity is broadened slighty.
bt with an overall shift toward higher temperature as shown
in FIG. 1. 1., increases rapidly with pressurcs as shawa in
FiG 2. AL 13 Kilobars. T, s --40.2°K. Under pressure, 1,
increases from 32° 10 40.2°K it {3 kdobars at a pute
~0.0%10 *K bar™!, Above 13 kilobars, the sample was
daniaged due o a shear strain inroduced accidentally by
applying pressure below -20° €', as evidencal by (he
uppearance of o rapid resistivity incresse following the
resistivity drop at I, on cooling and the irreversibility of
resistivity after the pressure was reduced.

F1G. 3 displays the magoetic field effet on'§ resistivily as
a tunction of iemperature. 1t is clear that the rapid resistivity
drop is suppresscd and the zero resistivity stare at 4°K can
he destrayed by magretic fislds. Delow 18K, a dismagnctic
shift is clearly evident and reaches a maximum of 2% of the
signal ¢f a superconducting Pb sample of the same size as
shown in FIG. 4. The insert of FIG. 4 shows the current-
vollage characicristics for the sample at 4.2°K. The 2ero0
resislivity statc is removed as cument exceeds a crilical value

o Which iucreases with decreasing temperature, All these
stongly demunstrate that the reasusily drop B associated

with & supencanducting transition.
EXAMPILE V]

6.0 grams of La 0, 081 grams of S:CO, and 1.6} grams
Cu) were mixed mechavically in u monar-pestle for
approximately 3 bours. The resulting mixfure was then
campressed into pellets by applying  pressurc of sbout 3
kilobars. [he pelles were heated 1o about 1000° C., and
allowed to react fur about twenty-four hours in air. The
reucted pellets were then quenched rupidiy 10 oom tem-
pruture.

The La- 8¢ Cu -O composition produced from this
pracess corresponds to the general formula JLa, Se,[Cu, O,
where “x™ 15 0.1, “9™ is 2, b is 1, and *y" is 2 t0 4. The
omxide complex was placed under 2 pressire of 14 kilobars.
at room temperature. Upon cooking this uxide complex
composition showed superconducting properties at a fem-

i peraiure of 42” K a1 atinospheric pressure. The oxide com-

phex composition under a pressure of 16 kilobars showed
suiperconduicting propertics ut 54° K.




» P D oWy §% 9 "o T P I P T I ST T FH IS T T I

US 7,056,866 Bl

15
FXAMPLF VIt

The magnetic layer in a superconducting-magnetic-super-
conducting wulti-luyer device could cansist of a lanthanum-
barium-copper-oxide base compasition. Such a composition
may he prepared as lollows. 3.0 prams a0, 3.6 grams
BaCO, and 2.9 grams (vO were mixed and heated in o
vacuum about 10 microns llg at a wmpenture of ahout
1000° C, for about twenty-four hours.

“Ihe resulting product fonned a magnctic compound with
2 I} magnetic ordering temperature below 40°K.

The supcrconducting-magnctic-superconducting  multi-
layer structures may therefore be formed by subjecting the
overlayerof La  Ba--Cu—O. which ix separated from the
supercanducting, underlayer by an ulira-thin protective cov-
cring of. tor example Si0O,. fo a vacunm of 10 microns Hg
at a temiperature of between ahout 900° C. and 1100° (. Thin
film samples of the composition of the present invention
may be synthesized by alternative corrent or radio frequency

sputtering of a sintered | a—Ba—Cu—O targe! inan angon 2

aimosphere having about 10% oxygen and a pressure of
between 10~ und 2 microns lig. I leat treatment of such tilm
saniples at 15-2000 microns Hg pressure in an oxygen
aunvsplere should make the superconducting propertics of
the film samples similar ta thase for the sintered samples.

EXAMPIE VIR

Als By (g O cumpusition was prepared in sccor-
dance with the pracedure described in Example IT except
that 12,04, BaCO, and CuD were used in the amounts
appropriate fo provide an oxide complex of the formula
[La, R ]1,Cu,0, wherein *x™ is 8.1, “a™ is 2. “h™ is | and
“y™ is between 3 and 4, and an intensive mixer baf) mill was
uscd rather than g jar mill The oxide complex 50 produced
showed superconduciive properties at a temperanre of 60°K
at an applied pressure of 12 kilobars.

EXAMI'LE IX

A La-A(turace)-- Cu—0 composition was prepared in
accordance with the procedure described in Fxample 11
except that 1,0 ACO, and Cu) were used in the umounts
appropriate ta provide an oxide complex of the formula
[La,_B,ICu,O, wherein “x™ is about 0.01, o™ is 2. “b™ is
I amd “y™ is between 3 and 4. and an intcnsive mixer ball
mill was used for mixing rather than a jar mill. A" was
either barium ur strontium. The oxide complex < produced
showed supereonductive properties at an onset temperotune
of 100°K at 1 aimosphere.

EXAMPLE X

ALa Ba—Cu—0 composition was prepared in accor-

dance with the procedere of Example 11 except that Fa,0y, 34

RaCO, and CuO were used in the amounts appropnate 10
provide an oxide complex of e fermula |1 a,_ 33, ] Cu 0,
whorvin “x™is about 0.4.“a™is 1. “b™ is | and “v" is berwoen
2 and 3, and the heat treatment wes done at 107 mucrons [{g
in air, mther than at atmospheric pressure. The oxide cum-
plex su pruduced showed superconductive propentics at an
onset lemperuture of 100°K,

EXAMPLF XI

A yttrun oxide complex was prepared wilh a nominal
comparsition represented by [Y, B, 1,Cu, (), wherein X" is

-
2

s

-
o

2]

16

0.4, 078 2. °h™ ix | undd “y™ 1 lexs than or equal to 4. e
yriuin oxide complex was prepared by inteasively mixing
appropriate amounts of Y (.. BaC0, and CvQ. The oxide
mixture was then compressed to pellets at an applied pres-
sure of 100 to 500 psi. the resulting. pellets were then lLieated
in 2ir ol a temperature between %00 to 1100° C. for about 15
minutes then rapidly quenched to o lemperature in gir

Bar samples of dimensions 1 mmx0.5 mmx4 mm were
vt from e sintered eylinders. A four-lead technique was
cmployad for the resistanee (R) measwrements and an ac
inductance bridge for the magnetic susceptibility () deter-
minations.

The temperature dependence of resistance for this
¥ —Ra—Cu—0 oxide complex was determined in a simple
liquid nitrogen dewar with results as shown in FIG. 8.
Resistance (R) iniially dropped linearly with iemperuture
(T). A deviation of resistance lrom the linear temperatire
dupendence was evidenced a1 Y3 K. A zero resistiviry state
was achieved at 80°K. (Ilowever. when the pellets were
quenched ap an alumioum plate as a heat sink to room
temperature in it the zero resistance state was achieved at
90-K.) The variation of magnetic susceptihility (¢} with
temperature was measured with the results as shown in I'lG.
9. A diamagnetic shift was observed to start at 91°K and the
size of the shift increased rapidly with further cooling. AL
4 2°K. the diamagnaetic sigsal corresponded to 24% of the
superconducting sigiul of a lead sample with similar dimen-
sivns. In a magnctic field, the drop in resistivity shified
wwerd lower temperature a8 shown in FIG, 10, At the
rozaximnm field applied. the z2ne reisitivity sute remained at
temperature as high as 40°K. Preliminary X-ray powder
diflraction patterns showed the existence of multiple phases
apparently uncharacteristic of the K,NiF,  structure in the
samples.

[hee above results demanstrmle umombiguously that super-
conductivity occurs in the Y--Ba Cu O oxide complex
with a tranxition between 80 and 93°K (and 90 93"K when
yguenched on the aluminum plate). The upper criticat fietd
11, , (T) wus deternined resistively. If the positive curvature
at very low fields is neplected. 2 value of dH /dl gear T is
observed 1o be the 3T'K or 1 3TK. depenling on ifH,, {T)
is taken at the 10P4 drop of the narmal state resistivity, or the

+ 50% drop. In the 35 weak-coupling limit. 11.(0) was

estimauted as between B0 and 180T inthe Y Ba o O
oxade complex. The puremagnetic limiting field to 0°K for
a sample with o T ~00K is 165T.

X AMPLLE XII

100 mig of Y 303y, 349.57 mp of BaCO, and 21139 mg of
C'u0 were thoranghly mixed by mortar-pestle. Mixing con-
tinucd until microscopic examination revealed that the white
Y 0, and BaCO, powders had thoroughly mixed with the
dark CuQ) povider 10 produce a mixture of uniform color
withisut nny regions vr streaks ul white or lighter eolar. The
powder mixture was then pressed o pellets of about ¥is inch
diameter and Vi« inch thickness in a pellet die by application
ufabont 250 psi pelletization pressure. The pellets were then
reacted under aimaspheric conditions at a temperature of
10KF €. for abom 20 10 about 3 minutes and thereafler
removed from the oven and placed upon an aluminum heat
sink plae 10 rapidly quench 1be rcacted pellets to ambiem
temperature. The T, T, T, and Xeray diffraction lattice
parameters measured Jor this YBCO complex are reported in
Table 1.
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EXAMPLE X1l

100 mg of La,0y, 242.271 my of BaCO, and 146.478 my,
of CuQ) were thoroughly mixed by mortar-pestle umil o
mixwre of uniforn color was obtained as determimed by
microscopic examination. The powder nuxture was then
prassed 1o pellets ot about Yis inch dinmeter and % inch
thickness in u pellet die by application of about 250 psi
pelletization pressure. The pellets were then reacted in air
for about 8 hours fallowing which the pellets were reacted
for about 20-30 minutes under a reduced-<mxyygen atnu-
sphere (~2000u) at 850° C.. then gquenched by passing
anibient lemperature oxygen through the reaction zone con-
taining the pellets. The T, T, T,. and X-ray difiralion
lattice parameters detennined for this LaBCO complex are
reparted in Table 1.

EXAMPLE X1V
LBaLu,Oy,, oxide complexcs wherein “L™ is Nd. Sm.

Eu, (d. Er and T.u wer: preparcd with the quantities of
maicrials and at the reaction temperalures as given befow:

Reaction
Ly, BaCO, CuQr Temg €
Nd L)y 100 mg 234 S8R mp 141.8%4 my oy ¢
Smyf7, 10 g 32625 mg 136 79 mg ystr ¢
kw0, Mty mg 21437 g 135.6 mg v ¢
G0, ol wg N1 ar LR mp wWo" L.
Er 0, i mg 205358 mg 124.761 mg §30° (.
Lu,Q, 10 ing 1R mg 1927 mg g,

In cach insiance the powder companents were thomighly
mixed by mortar-pestle uniil micvoscopic examination
revealed a powder mixtune of uni form color. In each instance
the resulting. powder mixture was pressed uno pellets of
ahoul Yie inch diameter und Vis thickness in a pellet die by
application of aboul 250 psi pelictization pressure. In cach
instance the resulting pellets were then reacted for abour 20
minutes under a reduced axygen atmosphere (~2000p) at the
reaction (enperatores as abuve indicated. following which
each wus quenched to ambient tempemiun: by passing
ambient temperature oxygen over the reucted pellets. The
Ty T,,. T, and X-ray diffraction latrice parameters mea-
sured for cach of the resulting NeBBCO. SalICO. ERCO.
GaBCO. ErBCO and 1 uBCO samples are reported in ‘Inble
1

TARLE [
Reanstiance-
Tesnpertures
Propetties X-Ray Lanice
OX10k Ta Tou la Darameters
COMPLEX CK K1 oK) AT bMAG dA)
YRaANy,. v3 84 0 &GN MR r 117)
oy a2
LaBa,Cule, 91 79 63 3952000 355; 1179
i I Al i}
NdBs.Cn,Q,., 91 m 4 18920 I3d. 1173 .
Ga) yal
sSmis, (e 0,, % Rr> 1 3ER . Ik, 1.7V
nal QU2
EuBaCuOe, & 3 16 3B6zuld BSe (1L7dx
0z o (4
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TABLE l-continued
Resmbance-
< leniperatusce
X-Rav Lattice
-« ONIBE Yo Ta Ta Parahelery
COMLEX [N SRN B SYR AN 4] AN mMAY @A
10 MO, 95 9213 389002 38 17X e
02 e
TR0, MY M SKY 2 IRT e D148 e
[TXTx] un?
LuBayCuyd,,, 1 85 12 3E3 2002 337r 1L7A s
D02 and

<
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Ay is readily apparcat from the above description, addi-
tunal advuntages and moditications will readily ocenr 1o
those skilled in the art. The invention in ity broeder aspects
is therelure not limitod 1o the specifiec examples shown and
described. Accordingly. departures may be mude from the
datails shown in the examples willkt departing Trom the
spirit or scope of the disclosed general inventive concept.

What i claimed is:

L. A composition which is snperconductive at a tempera-
wre of 70°K and higher, comprising:

a petal oxide the formuia

ML A0,
wherein:

“1" is ytrium. lanthanum, oecdymium, samarium,
eunpum. padolinivm, dyprasium, kolmiwn, crbiww.
thuliuvm. yiterbium, Jutetinmn, or misluces thereaf, “M™
is barium. stroatium, or mixtures thereaf: “A™ is cop-
Pper “x” is trom sbout 0.65 to 0.80; "a™ is 1. “b™is 1:
and “v" is & value from about 2 1o abowt 4 that provides
the metad vxide with zero clectneal resistance w a
temperature of 70°K or sbove.

2. The superconducting composition of claim 1, wherein

"M is barium,

3 “The superconducting composition of clwim 2, wherein
“x" is about 0.667.

4. The supcreonduciing composition of claim 3, wherein
“I™ i ytwwivm, lanthanum  neodyminm. samarium.
surupiten, gadalinium, erbium vr lutetivm.

5. The supereonducting composition of claim b, wherein
the metal oxide has the formula

VA0,

and # i3 a pumber vulue from abaul 0.F (v about 1.0 diat
pravides the oxide complex wilh zora electrical resistance at
a temperature of 70°K ar sbove.

6. The superconducting composition of claim 5. wherein
“M" is badum.

7. Ihe superconducting composition of claim 6. wherein
“L” is yttrium. flauthanum oeodymium, samarium,
curopjum. gadolinium. erbium or lutctiurn.

8. A material comtujning a sofficien quantity of a super-
conductive crystalline phase s cause the material to exhibit
substamially 7en electrical resistance at a temperature of
77°K or above: said crystalline phase composition having
the formula LM Cu, Q. . wherein “L™ is Y, La, Nd, Sm. Fu.
Cid. Dy, Ho, Erfm. Yb. Lu. ur mixures theroof: “M™ is Ba.
Sr or muxtures thereof: and A S a value fmm abaut 0.1 w0
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about 1.0 thut provides the composition with zero clectrical compacting the mixiure into 3 solid mass by applicution
resistance at a temperature of 77°K or above. of pressure frum abcut 100 1o aboart 30,000 psi:

9. The material uf cluim § wherein L is Y and M is Ba. heating the salid mass in air 1o a temperature ul” frm

t0. The material of claim 8 wherein L is. Sm. Eu. Gd, Er. about 803 to abowt 1000° €. ot a time sufficient to react
or Luand M is Ba. s the compacted mixture in the solid state; and quenching

1. A_muhud for making a superconducting metal oxide. the solid 1ass 1o ambient temperature in air.
comprising the sieps of: 12. I'he method of ¢laim 11, wherein "M is barjum.

mixing solid compoupds containing L. M. A and O in
amounts apprepriate lo yield the formula [L,_M,], Bewtl .50 and 5™ is
A0, wherein 1.7 s ytirium. lanthanum. ncodymium, 16 a ;: _l'! an h::d b I im 13. wherein the mi .
simarinm. evropium. gadotinium. dysprosimn. hol- - e me'_ i of c_l"lm 'lt W ere“; ol ml‘xl}u[::ou
mium. erhium. thulsum. yiterbium, lutetinm. or a com- cgnpalc&‘]d 1o :;0[1 S%S’ }?y application ol pressure o from
bination thereof; "M is barium_ stontiun, or a com.  fowut 144 to about 58K ps. . ) .
bination thereof: "A™ is copper, “a” is L 1w Z: "h" is 1t 15. The method of claim 14, wherein the solid mass is
“X™ is abaul 0.01 o ahowt 1.0k and “y™ is 2 value from 12 heated under a "‘f‘l‘_“-"d axygen dlmosphen: of ghaut 20000
about 2 1o about 4 that pravides the metal oxide with 4t 3 temperanire af fram about 820° C. to ubuut 950° C.
zero electrical resistance at a temperature of 40°K or -
abow " R + 4 2 4

13. the method of ¢laim €2, wherein =x” 15 about 0.65 to
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1 .
- HIGH TRANSITION TEMPERATURE
SUPERCONDUCTING COMPOSITIONS

-CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a file-wrapper continuation of Ser. No. 07/102,205
filed Feb. 6, 1987 now abandoned, which is a continuation-
in-part of Ser. No. 07/006,991, filed Jan. 26, 1987, entitled
“Superconducting Compositions and Method for Enhancing
Their Transition Temperatures By Pressure,” now abandoned,
which in turn is a continuaticn-in-part of Ser. No. 07/002,089,
filed Jan. 12, 1987, entitled “Superconducting Composition
and Method,” now abandoned.

STATEMENTS REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
Grant No. DMR-8204173 awarded by the National Science
Foundation and Grant No. NAGW-977 awarded by the
National Aeronautics and Space Administration, and the
Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

This invention relates to superconducting compositions,
i.e., compositions offering no electrical resistance at a tem-
perature below a critical temperature; to processes for their
production and to methods for their use; and to methods for
increasing the superconducting transition temperature of
superconducting compositions.

Superconductivity was discovered in 1911. Historically,
the first observed and most distinctive property of a super-
conductive material is the near total loss of electrical resis-
tance by the material when at or below a critical temperature
that is a characteristic of the material. This critical tempera-
ture is referred to as the superconducting transition tempera-
ture of the material, T .. The criteria by which a selection of
the critical temperature value is determined from a transition
in the change in resistance observed is often not obvious from
the literature. Many past authors have chosen the mid-point of
such curve as the probable critical temperature of their ideal-
ized material, while many others have chosen to report as the
critical temperature the highest temperature at which a devia-
tion from the normal state resistivity property is observed.
Heace, the literature may report differing temperatures within
a parrow range as the critical or superconducting transition
temperature for the same material, depending on the particu-
lar author’s method for selecting T, from the observed data.

The history of research into the superconductivity of spe-
cific materials began with the discovery in 1911 that mercury
superconducts at a transition temperature of about 4° K. In the
late 1920’s, NbC was found to superconduct at a higher
temperature, namely up to about 10.5° K. Thereafter other
compounds and alloys of Nb were examined and various Nb
compositions were discovered with progressively, but only
slightly higher, superconducting transition temperatures. In
the early 1940°s NbN was observed with a transition tempera-
ture of about 14° K; Nb,Sn was reported in the early 1950’s;
Nb, (Al—Ge) was reported inthe late 1960’s; and Nb,Ge was
reported in the early 1970’s to have a transition temperature
of about 17° K. Careful optimization of Nb,Ge thin films led
1o an increase of the critical temperature for such material up
to 23.3° K. While this work led to progress the maximum
temperature at which superconductivity could occur was
raised to only 23.3° K since research started three-quarters of
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a century ago. The existing theories explained the supercon-
ductivity of these materials, but did not predict superconduc-
tivity of higher than 40° K. Significant progress in finding
materials which superconduct at higher transition tempera-
tures than that of Nb,Ge thin films was not made until 1986.

In 1986, specially prepared coprecipitated and heat treated
mixtures of lanthanum, barium, copper and oxygen, that have
an abrupt decrease in resistivity at an onset temperature as
high as 30° K which exhibited a phenomena “reminiscent of
the onset of percolative superconductivity™ were reported by
J. G.Bednorzand R. A. Muller, “Possible High T - Supercon-
ductivity in The Ba—La—Cu—-0Q System,” Z Phys.
B.—Condensed Matter, 64, pp. 189-193 (1986). Under atmo-
spheric pressure conditions, the abrupt change in resistivity
for these compositions—i.e., that temperature at which a
portion of the material begins to show properties reminiscent
of percolative superconductivity—were reported to approach
the 30° K range. The authers refer to this phenomenon as a
“possible” case of superconductivity. The compositions
reported by Bednorz et al to have such properties at a tem-
perature as high as 30° K comprise Las_xBaxCu,O,_), where
x=0.75 to 1 and Y>0. The Bednorz et al compositions are
prepared by coprecipitation of Ba—, La— and Cu— nitrate
solutions by addition to an oxalic acid solution followed by
decomposition and solid-state reaction of the coprecipitate at
900° C. for 5 hours. Thereafter, the composition is pressed to
pellets at 4 kilobars and the pellets are sintered at a tempera-
ture below 950° C. in a reduced oxygen atmosphere of 0.2x
107 bar. Bednorz et al reported that this method of sample
preparation is of crucial importance to obtaining the observed
phenomena.

Superconductivity is a potentially very useful phenom-
enon. It reduces heat losses to zero in electrical power trans-
mission, magnets, levitated monorail trains and many other
modern devices. However, superconductivity of a material
occurs only at very low temperatures. Originally, and until the
inventions outlined herein, liquid helium was the required
coolant to provide the conditions necessary for superconduc-
tivity to occur.

It would be desirable to produce a superconducting com-
position that has a transition temperature which exceeds those
of superconducting compositions previously described. It
would be particularly desirable to develop a superconducting
composition that has the potential of having a T of 77°K or
higher. Such a composition would enable the use of licuid
nitrogen instead of liquid helium to cool the superconducting
equipment and would dramatically decrease the cost of oper-
ating and insulating superconducting equipment and mate-
ral.

SUMMARY OF THE INVENTION

Described is a superconducting composition comprising
an oxide complex of the formula [L;_M,] A, O, wherein, L
is lanthanum, lutetium, yttrium or scandium; A is copper,
bismuth, titanium, tungsten, zirconium, tantalum, niobium,
or vapadium; M is barium, strontium, calcium magnesium or
mercury; and “a” is 1to 2; “b™ is 1; “x” is about 0.01 to about
0.5 and preferably 0.075 to 0.5; and *'y™ is about 2 to about 4.
The oxide complexes of the ianvention are prepared by a
solid-state reaction procedure which produce oxide com-
plexes having enhanced superconducting transition tempera-
tures compared to an oxide complex of like empirical com-
position prepared by a coprecipitation—high temperature
decomposition procedure.

When M is barium, the transition temperatures of onset and
complete superconductivity, Tp and T, (as seen in FIG. 5),
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respectively, may be increased by subjecting the barium spe-
cies of the oxide complex to pressure up to 18 kilobars.
Likewise the non-barium species of the oxide complexes of
the invention exhibit an enhancement to higher limits of their
superconducting transition temperatures when subjected to
high pressures.

The application and maintenance of high pressure on such
oxide complexes is believed to enhance the trapsition tem-
perature ta higher limits by reducing the interatomic spacings
between elements L, A, M and O compared to their respective
spacings-when the oxide complex is under atmospheric pres-
sure only.

Alternatively, an alkaline earth metal having atomic radius
smaller than barium may be used in whole or in part to fulfill
the alkaline earth metal constituent requirement to provide an
oxide complex having reduced interatomic spacings between
elements, L, A, M, and O even when the oxide complex is
under only atomospheric pressure, compared to a puré barium
species, thus increasing T, and T, of such substituted or
non-barium oxide complex species.

With a solid-state reaction prepared oxide complex of the
invention a transition temperature as high as 100° K has been
observed even under atmospheric pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the reduction in electrical resistance as
temperature is decreased of a La—Ba—Cu—O composition
as prepared according to Example V.

FIG. 2 illustrates the enhancement towards higher tem-
peratures of the onset transition temperature (T ) as applied
pressure is increased upon a La—Ba—Cu—O compesition
as prepared according to Example V.

FIG. 3 iilustrates the magnetic field effect on resistivity of
a La—Ba—Cu—O composition as prepared according to
Bxample V.

FIG. 4 illustrates the magnetic susceptibility as a function
of temperature of a La—Ba—Cu—O composition as pre-
pared according to Example V.

FIG. § illustrates the resistivity and diamagnetic shift as a
function of temperature of a La—Ba—Cu—O composition
prepared according to Example II1.

FIG. 6illustrates the resistivity as a function of temperature
under different applied pressures of 5.7 kilobars, 10.5 kilo-
bars and 16.8 kilobars of a La—Ba—Cu—O composition as
prepared according to Example IIIL
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FIG. 7 illustrates the effect of applied pressure on onset

temperatures (T ), midpoint temperature (T_,.) and tem-
perature forcomplete superconductivity (T, ) ofa La—Ba—
Cu—O composition prepared according to Example IT1.

FIG. 8 illustrates the reduction in electrical resistance as
temperature is decreased of a Y—Ba—Cu—O composition
as prepared according to Example XI.

FIG. 9 illustrates the temperature dependence of magnetic
susceptibility of a Y—Ba—Cu—O composition as prepared
according to Example XI.

FIG. 10 illustrates the magnetic field effect on the resis-
tance of a Y—Ba—Cu—OQ composition as prepared accord-
ing to Example XI.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Superconducting compositions of this invention comprise
an oxide complex defined by the following formula:

L1 M)A,

35

4

wherein “L” is an element selected from the group consisting
of lanthanum, lutetium, yttrium and scandium, or a mixture of
one or more of these elements; wherein “A” is an element
selected from the group consisting of copper, bismuth, tita-
nium, tungsten, zirconium, tantalum, niobium, vanadium or a
mixture of ene or more of these elements; wherein “M™ is an
element selected from the group consisting of barium, stron-
tium, calcium, magnesium and mercury or a mixture of one or
moreofthese elements; and wherein *x” is from about 0.01 to
about 0.5, and preferably 0.075 to 0.5;“a™ is 1 t0 2, “b"is 1,
and “y" is about 2 to about 4. The amount of oxygen present
in the compositions of the present invention depends upon the
valence requirements of the other elements and the defects
resulting from the particular heat treatment used to make the
composition. The molar oxygen content “y” is about 2 to 4
times “b,” as used in the preceding equation, Lanthanum is the
preferred “L" component, barium and strontium are the pre-
ferred “M™ components, and ¢opper is the preferred “A”
component.

It has been observed that the transition temperature of such
an oxide complex is increased by the application of pressure
to the composition. It is believed that subjecting the oxide
complex to high pressures decreases the interatomic dis-
tances or lattice spacing in such complexes and that this may,
at Jeast in part, account for the enhancement of transition
temperatures that has been observed. Another way to obtain a
decrease of the intertomic distances or lattice spacings is
during the preparation of the oxide complex. Thus, for
example, an alkaline earth metal having an atomic radius
smaller than barium may be used in whole or in part to fulfill
the alkaline earth metal requirement to produce an oxide
complex having reduced interatomic distances or lattice spac-
ing compared to an oxide complex with barium alone, with a
consequent increase in the transition temperature of the non-
barium oxide complex resulting compared to one produced
with barium alone. The transition temperature is increased in
such an oxide complex even as measured under atmospheric
pressure.

The present invention also provides a solid-state reaction
method for making such superconducting oxide complexes
which comprises; thoroughly mixing selected amounts of
salid powdered compounds containing L., M, A, and O, pref-
erably by selecting appropriate amounts of L0, or L{QH),,
MCO; and AO; heating the powdered mixture in an oxygen
containing atmosphere, at an appropriate pressure, and at a
temperature of between about 640° C. and 800° C. for a time
sufficient to react the mixture in the solid state; heating the
resulting mixture at a temperature between about 900° C.and
1100° C., preferably for at Jeast twelve hours; homogemzing
said reaction mixture; heating the homogenized reaction mix-
ture at a temperature between about 900° C. and about 1100°
C., preferably for at least six hours; compressing said com-
position with a pressure of at least one kilobar to produce
pellets; sintering said pellets; and quenching said sintered
pellets rapidly from the sintering temperature to room tem-
perature in air or in an inert gas atmosphere such as Ar.
Preferably mixing of the solid powder compounds is per-
formed by an intensive mixer such as a ball mill.

An altemnative method for making such oxide complex
superconductive compositicns incledes the following steps:
thoroughly mixing selected amounts of solid powdered com-
pounds containing L, M, A, and O, preferably by selecting
appropriate amounts of L,0, or [{OH),, MCO, and AO;
compressing said mixture into pellets; reacting said mixture
at a temperature between about 900° C. and about 1100° C.
for a time sufficient to complete the solid state reaction; and
rapidly quenching said pellets to room temperature. Again,
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mixing is preferably accomplished by an intensive mixer such
as a ball mill. Pelletization of the oxide mixture is carried out
at an applied pressure of from about 100 to about 30,000 psi
and preferably at an applied pressure of from about 100 to
about 500 psi, most preferably at about 500 psi. Reaction of
the pelletized mixture is preferably conducted in air for about
5 minutes to about 24 hours, and most preferably for about 5
to about 15 minutes. Following the completion of the reaction
step the reacted pellet composition is preferably quenched to
room tepiperature in air, most preferably on an aluminum
plate as a heat sink. .

Another method for preparing oxide complexes which
exhibit significantly enhanced transition temperatures
includes the following steps: thoroughly mixing selected
amounts of solid powdered compounds containing L, M, A
and O, preferably by selecting appropriate amounts of L,O,
or L(OH),, MCO, and AQ; depositing the oxide mixtureon a
copper substrate which has been cleaned of its copper oxide
surface filin, preferably by acid cleaning in dilute hydrochlo-
ric acid solution; compressing the oxide mixture against the
copper substrate at an applied pressure of fram about 100 to
about 1000 psi, preferably at about 100 to 200 psi, to form the
oxide mixture into a film or layer on the copper substrate;
heating the copper substrate and oxide mixture layered
thereon to a temperature of from about 500 to about 1100° C.
in air for from about 5 minutes to about 24 hours, and pref-
erably for about 5 to about 15 minutes; and quenching the
copper substrate and oxide mixture layered thereon to room
temperature in air. Inspection of the oxide mixture layer
which results from this method of preparation discloses that it
comprises three phases, the first of which adjacent the copper
substrate comprises & glassy insulating layer phase; the sec-
ond phase is the superconducting layer phase; and the third
phase which borders with the second superconducting phase
is a powdery compound which is also an insulator layer phase.

Still another alternative method includes the immediately
foregoing steps and the step of reducing interatomic dis-
tances, either by the application of pressure to the oxide
complex or by the use of atomic elements which provides
smaller lattice spacings. A preferred oxide complex which
exhibits a significantly enhanced supercopducting transition
temperature is prepared by utilizing yttrium as the “L” com-
ponent.

Oxide complexes of the formula [L, M, A,O, prepared
by a solid-state reaction procedure as described exhibit super-
conducting properties at transition temperatures higher than
heretofore reported. The barium species of the oxide com-
plex, that is wherein “M™ is only barium, as prepared by the
described solid-state reaction procedure exhibifs supercon-
ducting properties beginning at a higher onset temperature
(T,,) than the temperature reported by Bednorz et al as that
wherein, for an oxide complex of similar empirical compo-
sition but prepared by a coprecipitation method, a phenom-
enon “reminiscent of the onset of percolative superconduc-
tivity™ was observed. Further, it has been surprisingly found
that the supercondnctivity transition temperature of oxide
complexes of the formula [L,_,M.],A,O, prepared by the
solid-state reaction procedure is further enhanced towards
higher limits by the application to and maintenance of pres-
sure on the oxide complex up to about 18 kilobars.

Based upon present belief, it is thought that the application
of and maintenance of high pressure on such oxide complexes
enhances their superconducting transition temperature by
producing a reduction of the interatomic distance or lattice
spacing between the metal atoms forming the complex. The
application and maintenance of high pressure on such oxide
complexes may also enhance the transition temperature by
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suppressing instabilities detrimental to a high temperature
superconductivity and thus permitting the existence of super-
conducting phase species to occur within the body of the
oxide complex at ahigher temperature than that at which such
phase could form at atmospheric pressure. Pressure has been
found to enhance the T of La—Ba—Cu—O and La—Sr—
Cu—-0 oxide complexes at a rate of greater than 107>°
K-bar™ and to raise the onset T to 57° K, reaching a zero-
resistance state at 40° K. It is believed that pressure reduces
the lattice parameter and enbances the Cu*?/Cu*? ratio in the
compounds. The unusually large pressureeffecton T, suggest”
that the high temperature superconductivity in La—Ba—
Cu-—0 and La—8r—Cu—O complexes may be associated
with interfacial effects arising from mixed phases; interfaces
between the metal and insulator layers, or concentration fluc-
tuations within the K,NijF, phase; strong superconducting
interactions due 1o the mixed valence states; or a yet uniden-
tified phase. Although the unexpected enhancement of tcan-
sition temperature that the application of pressure to such
oxide complexes produces has been repeatedly observed, a
mechanism which adequately explains the pressure effect has
not yet been fully determined.

The transition temperature of such oxide complexes is
ephanced by the application of presstre, and that this effect is
at least in part due to a resulting reduction in interatomic
spacing in the oxide complex is evidenced by an enhancement
of ‘ransition temperature that may be produced without the
application of extrinsic pressure by employing in the forma-
tion of the oxide complex an alkaline earth metal having
smaller atomic radius than that of barjum. A similar enhance-
ment of transition temperature has been observed when
ytrium is used as the “L” component rather than lanthanum.

Hence, when preparing an oxide complex of the invention,
it is preferred to completely or partially substitute for the
barium atoms, atomic radius of 2.22 angstroms, smaller alka-
line earth metal atoms, i.e., strontinm, atomic radius of 2.15
angstroms, calcium, atomic radius of 1.97 angstroms, or mag-
nesium, atomic radius of 1.6 angstroms. Similarly, complete
or partial substitution of the lanthanum atoms, atomic radius
of 1.87 angstroms, with the smaller lutetium atoms, atomic
radius of 1.75 angstroms, or yttrium, atomic radius 1.78 ang-
stroms, will provide this same effect. The application of pres-
sure to such oxide complexes that are prepared to have
decreased interatomic spacings will further enhance the tran-
sition temperature of such compositions to higher limits.

Alternatively, the deposition of a lanthanum, barium, cop-
per, oxide film on a substrate with smailer lattice parameters,
such as a lanthanum, calcium, copper oxide substrate, will
reduce the interatomic spacing of the superconducting com-
position, and thus will increase the T, of the oxide complex
composition. Further, cladding of a lanthanum, barium, cop-
per oxide composition with metals havipg larger thermal
expansion coefficients, such as copper, will apply and main-
tain the pressure required to reduce the interatomic distances
between the elements in the oxide complex composition and
hence will increase the T, of the composition.

The oxide complexes of the present invention may be
made, for example, following ejther of the following pro-
cesses.

1. Appropriate amounts of L,O, or L(OH);, MCO, and AO
are thoroughly mixed. This mixing is preferably done
mechanically, as in a jar mill or more preferably in an inten-
sive mixer such as a ball mill, for at least 12 hours. The mixing
produces finely ground particles. The mixture is then heated
in an oxygen containing atmosphere, at an appropriate pres-
sure, and at a temperature between about 640-800° C. The
temperature of the mixture is conveniently increased to the
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640-800° C. target temperature at a rate of 10° C. per minute.
The mixture is kept at this target temperature for a time
sufficient to allow the solid-state mixture to react. Preferably,
the mixture is allowed to react for about an hour. After this
reaction step, the temperature is raised to about 900 to about
1100° C., conveniently at a rate of about 30° C. per minute.
The samples are kept at the 900 to 1100° C. temperature fora
time sufficient to complete the solid state reaction of the
materials, the completed solid state reacted product being that
product having the components completely diffused through
the composition. The samples are then cooled to room tem-
perature.

The next step is to homogenize the sample, preferably by
pulverizing the reacted tuixture in a jar mill and more prefer-
ably in a ball mill for at least 1 hour. The pulverized mixture
is then heated rapidly to between 900-1100° C. The mixture is
maintained at this temperature preferably for at least 6 hours.
After this step, the mixture is compressed under a pressure of
at least one kilobar. This compresses the powdered mixture
into pellets or some other coherent compacted form as
desired. The pellets are then sintered into solid cylinders. This
sintering process is preferably performed at a pressure
between zero to two kilobars at a temperature of between
about 900-1100° C. and for about four hours. Finally, the
samples are quenched rapidly from this temperature of
between 900-1100° C. to room temperature, in air, or an inert
gas atmosphere. This final step, along with thorough mixing
of this mixture, decreases the range of the superconducting
transition of the composition. This superconducting transi-
tion range is the range of temperatures between the point
when a portion of the materjal shows superconductive prop-
erties (onset transition temperature) and the temperature at
which the composition shows complete superconductive
properties.

Compositions made in this process may be compressed to
pressures that exceed atmospheric pressure, preferably in the
range of 1 to 20 kilobars. This increase in pressure typically
increases the T of the composition.

2. A second process for producing superconducting com-
positions of the present invention comprises: thoroughly mix-
ing, preferably for at least about 12 hours, appropriate
amounts of L,0, or L{OH),, MCQ,, and AO, by mechanical
means, sach as in a jar mill or more preferably in a ball mill,
compressing the mixture into pellets; and reacting the pellets
at about 900-1100° C. This reaction preferably takes place in
an air atmosphere; after which the reacted pellets are rapidly
quenched to room temperature.

This second method sometimes results in multiphase
samples in a less controllable way.

The superconducting compositions of the pr&sent inven-
tion have the potential for being used in a wide variety of
applications. For example, when used in a wire or conductor
form, they may be used in electrical power transmission,
energy storage, controlled fusion reaction, electricity genera-
tion, mass transportation and magnets. In a thin film form,
they may be used in ultra-sensitive detectors and in ultra-fast
computers. In addition, they may be used in a supemonduct-
ing-magnetic-superconducting multi-layer form for use in
ultra-sensitive ultra-fast electromagnetic micro devices.

The following examples are representative of the oxide
complexes and methods of producing the oxide complexes of
the invention. The examples for certain of the compositions
also illustrate the ephancement of transition temperature that
is produced by the application and majntenance of high pres-
sure on the oxide complexes. Generally, the standard 4-probe
technique was used to measure resistivity, and an inductance
bridge was employed for ac magnetic susceptibility x-deter-
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mination. The temperature Was measured using the
Au+0.07% Fechromel, and chromel-alumel thermocouples
in the absence of a magnetic field, and a carbeon-glass ther-
mometer in the presence of a field. The latter was calibrated.
against the former without a field. Magnetic fields up to 6T
were generated by a superconducting magnet.

EXAMPLEI

6.0 grams of La,0,, 0.61 grams of SrCO, and 1.63 grams
of CuO were mixed. in a jar mill for about 12 hours. The
mixture was then heated at a rate of about 10° C. per minute
in air at 1 atmosphere pressure, until it reached a temperature
of about 720° C. The mixture was then allowed to react for
about an hour at about 720° C. After this reaction step, the
temperature was raised to a temperature of about 1000° C. at
a rate of about 30° C. per minute. Once at a 1000° C. tem-
perature, the samples were maintained at this temperature for
about twenty-one hours. This allowed the completion of a
solid state reaction. After cooling to room temperature, the
reacted mixture was pulverized in a jar mill for about 6 hours
until the sample was homogenized. The pulverized mixture
was then heated rapidly to a temperature of about 1000° C.,
and kept at that temperature for about seven hours. After this
period, the mixture was cooled to room temperature and then
compressed under a pressure of six kilobars. This compres-
sion converted the mixed powder into pellets. The pellets
were then sintered into solid cylinders by heating them at a
temperature of about 1000° C. fora period of about four hours
at a pressure of almost zero kilobars. Finally, the sample was
rapidly quenched from this temperature to room temperature
in air.

The resulting lanthanum-strontium-copper-oxide compo-
sition had an empirical formula of La, ¢Sr, ,Cu,0,. This
corresponds to an oxide complex of the general iSrmula
[La,_,Sr],Cu,O, wherein“x”is0.1,“a” is 2,“b"is 1 and “y”
is2t04.The oxnﬁ-. complex composition had an onset super-
conductivity transition temperature (T_,) of 45° K, with a
narrow transition width to complete superconductivity of
about 10° K at ambient pressure.

EXAMPLE II

6.0 grams of La,Q,, 0.61 grams of SrCO, and 1.63 grams"
of CuO were mixed mechanically in a jar mill for approxi-
mately 24 hours. The resulting mixture was then compressed
into pellets by applying a pressure of about 2 kilobars. The
pellets were heated to about 1000° C., and allowed to react for
about twenty-four hours in air. The reacted pellets were then
quenched rapidly to room temperature.

The La—Sr—Cu—O composition produced from this
process had a formula of La, ¢Sr,, ,Cu,0,. This corresponds
to an oxide complex of the genera] formula [La,_.Sr,],Cu,0,
wherein “x” is 0.1, “a" is 2, “b™ is l and “y" is 2to 4. This
composition showed superconductive properties at a tem-
perature of about 42° K, with a namrow trapsition width of
about 6° K at ambient pressure.

EXAMPLE III

6.0 grams of La,0,, 0.81 grams of BaCO, and 1.63 grams
of CuO were mixed in a mortar-pestle apparatus for about 3
hours. The mixture was then heated at a rate of about 10° C.
per minute in 0Xygen at a pressure of about 2000 microns Hg,
until it reached a temperature of 720° C. The mixture was then
allowed to react for about an hour at about 720° C. After this
reaction, the temperature was raised to a temperature of about
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950° C., this raise in temperature was made at a rate of about
30° C. per minute. Once at this temperature, the sample was
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maintained at this temperature for about twenty-one hours. -

After this period, the sample was cooled to room temperature
and then the reacted mixture was pulverized until the sample
was homogenized. The pulverized mixture was then heated
rapidly to a temperature of about 950° C., and kept at that
temperature for about seven hours. After this period, the
sample was again cooled to room temperature and the mixture
was compressed under a pressure of six kilobars. This com-
pression converted the mixed powder into pellets. The pellets
were then sintered into solid cylinders by heating them at a
temperature of about 950° C. for a period of about four hours
at ambient atmospheric pressure. Finally, the sample was
rapidly quenched from this temperature to room temperature
in air.

The resulting lanthanum-barium-copper-oxide composi-
tion had the formula La, ;Ba, ,Cu, O, . The oxide complex so
formed was of the formula [La,_Ba,],Cu,O, wherein “x” is
0.1,“a™is 2, “b" is 1 and “y” is 2 to 4. This composition was
found to be supercenducting at 39° K at ambient pressure.
This composition was then placed inside a pressure cell and

- the composition was compressed to a pressure of 14 kilobars

&t room temperature. After this compression step, the tem-
petature was gradually reduced until the composition showed
superconducting properties. This composition showed super-
conductivity properties at a temperature of 52.5° K at the
applied pressure of 10 kilobars.

A sample prepared as described above exhibits only X-ray
powder diffraction patterns characteristic of the single
K,NiF, phase with a resolution ~5%. The resistivity of this
sample at ambient pressure decreases monotonically with
decreasing temperature but at a reduced rate below 60° K. A
large drop in resistivity sets in at ~39° K, indicative of the
onset of a superconducting transition, and resistivity becomes
zero at T _,~20° K as shown in FIG. 5. Preliminary ac x-mea-
surement showed diamagnetic shift starting at ~32° K and
reaching a maximum of 10% of the signal of a superconduct-
ing Pb sample of a similar size. Under applied pressure, the
superconducting transition is broadened but with an overall
shift toward higher temperatures as shown in FIG. 6. T, has
been enhanced from 39° to 52.5° K and the T, from 20° to 25°
K by application of a pressure of 12 kilobars as displayed in
FIG. 7. The enhancement rate of T, and T_, is significantly
reduced above 12 kilobars. The pressure effect on the mid-
point temperature T, where it has dropped by 50% of that at
T_, is also given in FIG. 7.

T.,, increases from 31° to 36° K under pressure. The
decrease in the rate of T_,, enhancement at 12 kilobars is
accompanied by an overall resistivity increase at about T,
indicating the possible commencement of physical or chemi-
cal instabilities. Serious deterioration of samples is also
detected upon removal of pressure, as evidenced by the dra-
matic increase in resistivity and a semiconducting behavior at
low temperatures preceded by a drop in resistivity starting at
T,,. The exact causes and remedy for the pressure induced
sample deterioration above ~12 kilobars are currently under
study.

One method of preparing the composition of this example
in a wire form, while simultaneously reducing the interatomic
distances between the atoms in the material, may include
performing these reaction steps while La,O, or La(OH),,
BaCO, and CuQ have been placed in a copper sleeve, or
placing the reaction product of this mixture directly in the
sleeve followed by drawing or extrusion. Because of the
relative thermal expansion coefficients of the copper com-
pared to the superconducting composition, the resulting lan-
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thanum-barium-copper-oxide would be compressed by the
walls of the copper sleeve. This compression will cause the
Tof the material within the copper sleeve (the copper sleeve
itself is not part of the superconductive material) to increase.

EXAMPLE IV

2.0 grams of La,0,, 0.2 grams of BaCO, and 0.53 grams of
CuO were mixed mechanically in a mortar-pestle apparatus
for approximately 3 hours. The resulting mixture was then
campressed into pellets by applying a pressure of about 2
kilobars. The pellets were heated to about 1000° C., and
allowed to react for about twenty-four hours in air. The
reacted pellets were then quenched rapidly to room tempera-
ture.

The La—Ba—Cu—0 composition produced from this
process corresponds to the formula [L,_ Ba ) ,Cu,O, wherein
“x™ is 0.075, “a™ is 2, “b” is 1 and “y™ is 2 to 4. 'fhe oxide
<omplex of this example showed superconductive properties
at a temperature of 36° K at atmospheric pressure.

EXAMPLE V

4.9 grams of La,0,, 1.1 grams of BaCO, and 2.8 grams of
CuO were mixed in a mortar-pestle for 3 hours. The mixture
was then heated in oxygen at a pressure of 15 microns Hg,
until it reached a temperature of about 720° C. The tempera-
ture was increased at a rate of about 1° C. per minute, The
mixture was then allowed to react for about an hour at about
720° C. After this reaction, the temperature was raised to a
temperature of about 925° C., this raise in temperature was
made at a rate of about 30° C. per minute. Once at this
temperature, the samples were maintained at this temperature
for about twenty-one hours. After this period, the mixture was
cooled to room temperature and then the reacted mixture was
pulverized until the sample was homogenized. The pulver-
ized mixture was then heated rapidly to a temperature of
about 925° C., and kept at that temperature for about seven
hours. After this period, the mixture was compressed with a
pressure of six kilobars. This compression converted the
mixed powder into pellets. The pellets were then sintered into
solid cylinders by heating them ata temperature of about 925°
C. for a period of about four hours at ambient pressure,
Finally, the sample was rapidly quenched from this tempera-
ture to room temperature in air. The oxide complex so formed
corresponds to the general formula [La,_,Ba,],Cu,0,
wherein “x” is 0.15, “a”is 1, “b”is 1 and “y” is 2 to 4.

The resulting lanthanum-barium-copper-oxide composi-
tion, superconducting at 32° K at ambient pressure, was then
placed under a pressure of 9 kilobars using a Be—Cu high
pressure clamp uvsing a fluid pressure medium. Pressure was
measured using a superconducting Pb—manometer sjtuated
next to the sample at room temperature. As this compressed
composition was cooled, it began showing superconductivity
properties at a temperature of 40.2° K.

Powder X-ray diffraction pattems at room temperature
showed that the sample was multiphased, consisting pre-
dominantly of K,NiF, (~90%) and unidentified phases
(<10%}. Under applied pressures, resistivity at 300° K is
suppressed and the drop in resistivity is broadened slightly,
but with an overall shift toward higher temperature as shown
in FIG. 1. T, increases rapidly with pressures as shown in
FIG. 2. At 13 kilobars, T, is ~40.2° K. Under pressure, T_,
increases from 32° to 40.2° K at 13 kilobars at a rate ~0.9x
1072 K bar~*. Above 13 kilobars, the sample was damaged
due to a shear strain introduced accidentally by applying
pressure below -20° C., as evidenced by the appearance of a
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rapid resistivity increase following the resistivity drop at T,
on cooling and the irreversibility of resistivity after the pres-
sure was reduced.

FIG. 3 displays the magnetic field effect on resistivity as a
function of temperature. It is clear that the rapid resistivity
drop is suppressed and the zero resistivity state at 4° K can be
destroyed by magnetic fields. Below 18° K, a diamagnetic
shift is clearly evident and reaches a maximum of 2% of the
signal of a superconducting Pb sample of the same size as
shown in FIG. 4. The insert of FIG. 4 shows the current-
voltage characteristics for the sample at 4.2° K. The zero
resistivity state is removed as current exceeds a critical value
which increases with decreasing temperature. All these
strongly demonstrate that the resistivity drop is associated
with a superconducting transition.

EXAMPLE V1

6.0 grams of La,0,, 0.61 grams of SrCO, and 1.63 grams
CuO were mixed mechanically in a mortar-pestle for approxi-
mately 3 hours. The resulting mixture was then compressed
into peliets by applying a pressure of about 3 kilobars. The
pellets were heated to about 1000° C., and allowed to react for
about twenty-four hours in air. The réacted pellets were then
quenched rapidly to room temperature.

The La—Sr—Cu—O composition produced from this
process corresponds to the general formula [La, _,St.],Cu,0O,
where *“x"is0.1, “a”is 2, “b" is 1, and “y™ is 2 to 4. The oxide
complex was placed under a pressure of 16 kilobars, at room
temperature. Upon cooling this oxide complex composition
showed superconducting properties at a temperature of 42° K
at atmospheric pressure. The oxide complex composition
under a pressure of 16 kilobars showed superconducting
properties at 54° K.

EXAMPLE VII

The magnetic layer in a superconducting-magnetic-super-
conducting multi-layer device could consist of a lanthanum-
barium-copper-oxide base composition. Such a composition
may be prepared as follows.

3.0 grams La,0,, 3.6 grams BaCQO, and 2.9 grams CuO
were mixed and heated in a vacuum about 10~* microns Hg at
a temperature of about 1000° C. for about twenty-four hours.
The resulting product formed a magnetic compound with a
magnetic ordering temperature below 40° K.

The superconducting-magnetic-superconducting multi-
layer structures may therefore be formed by subjecting the
overlayer of La—Ba—Cu—O, which is separated from the
superconducting underlayer by an ultra-thin protective cov-
ering of, for example SiO,, to a vacuum of 10~* microns Hg
at a temperature of between about 900° C. and 1100° C.

Thin film samples of the composition of the present inven-
tion may be synthesized by altemative current or radio fre-
quency sputtering of a sintered La—Ba—Cu-—O target in an
argon atmosphere having about 10% oxygen and a pressure of
between 102 and 2 microns Hg, Heat treatment of such film
samples at 15-2600 microns Hg pressure in an oxygen atmo-
sphere should make the superconducting properties of the
film samples similar to those for the sintered samples.

EXAMPLE VIII

A La—Ba—Cu—O composition was prepared in accor-
dance with the procedure described in Example II except that
La,0,, BaCO, and CuO were used in the amounts appropri-
ate to provide an oxide complex of the formula [La,_.Ba,],
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Cu, O, wherein “x™i5 0.1, “a" is 2, “b” is 1 and “y” is between
3 and 4, and an intensive mixer ball mill was used rather than
ajar mill. The oxide complex so produced showed supercon-
ductive properties at a temperature of 60° K at an applied
pressure of 12 kilobars.

EXAMPLEIX

A La—A(mace)-Cu—O composition was prepared in
accordance with the procedure described in Example 11
except that La,0,, ACO, and CuO were used in the amounts
appropriate to provide an oxide complex of the formula
[La,_.Ba,JCu,0, wherein “x™ is about 0.01, “a™ is 2, “b™is 1
and “y” is between 3 and 4, and an intensive mixer ball mill
was used for mixing rather than a jar mill. “A” was either
barium or stroatium. The oxide complex so produced showed
superconductive properties at an onset temperature of 100° K
at 1 atmosphere.

EXAMPLE X

A La—Ba—Cu—0O composition was prepared in accor-
dance with the procedure of Example II except that La,0,,
BaCO, and CuO were used in the amounts appropriate to
provide an oxide complex of the formula [La,_Ba,],Cu,.0,
wherein “x” is about 0.4, “a” is 1, “b” is 1 and “y” is between
2 and 3, and the heat treatment was done at 10~ microns Hg
in air, rather than at atmospheric pressure. The axide complex
so produced showed superconductive properties at an onset
temperature of 100° K.

EXAMPLE X1

An yttrium oxide complex was prepared with a nominal
composition represented by (Y, Ba,),Cu,,0, wherein*x" is
04, “a" is 2, *“b™ is 1 and Y is less than or equal to 4. The
yttrium oxide complex was prepared by intensively mixing
appropriate amounts of Y,0,, BaCo, and CuQ, The oxide
mixture was then compressed to pellets at an applied pressure
of 100 to 500 psi, the resulting pellets were then heated in air
at a temperature between 900 to 1100° C. for about 15 min-
utes then rapidly quenched to room temperature in air.

Bar samples of dimensions 1 mmx0.5 mmx4 mm were cut
from the sintered cylinders. A four-lead technique was
employed for the resistance (R) measurements and an ac
inductance bridge for the magnetic susceptibility (X) deter-
migations.

The temperature dependence of resistance for this
Y—Ba—Cu—O oxide complex was determined in a simple
liquid nitrogen dewar with results as shown in FIG. 8. Resis-
tance (R) initially dropped linearly with temperature (T). A
deviation of resistance from the lirear temperature depen-
dence was evidenced at 93° K. A zero resistivity state was
achieved at 80° K.. (However, when the pellets were quenched
on an aluminum plate as a heat sink to room temperature in
air, the zero resistance state was achieved at 90° K.) The
variation of magnetic susceptibility () with temperature was
measured with the results as shown in FIG. 9. A diamagnetic
shift was observed to start at 91° K and the size of the shift
increased rapidly with further cooling. At 4.2° K, the diamag-
netic signal corresponded to 24% of the superconducting
signal of a lead sample with similar dimensions. In a magnetic
field, the drop in resistivity shified toward iower temperature
as shown in FIG. 10. At the maximum field applied, the zero
resistivity state remained at temperature as high as 40° K.
Preliminary X-ray powder diffraction patterns showed the
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‘existence of multiple phases apparently uncharacteristic of
the K,NiF ;-structure in the samples.

The above results demonstrate unambiguously that super-
conductivity occurs in the Y—Ba—Cu—O oxide complex
with a transition between 80 and 93° K (and 90-93° K when
quenched on the aluminum plate). The upper critical field
H_,(T) was determined resistively. If the positive curvature at
very low fields is neglected, a value of dH_/dT near T is
observed to be the 3T/K or 1. 3T/K, depending onif H_,(T,) is
taken at the 10% drop of the normal state resistivity, or the
50% drop. In the weak-coupling limit, H _,(0) was estimated
as between 80 and 180T -in the Y—Ba—Cu—O oxide com-
plex. The paramagnetic limiting field to 0° K for a sample
with a T_~90K is 165T.

As is readily apparent from the above description, addi-
tional advantages and modifications will readily occur to
those skilled in the art. The invention in its broader aspects is
therefore not limited to the specific examples shown and
described. Accordingly, departures may be made from the
details shown in the examples without departing from the
spirit or scope of the disclosed general inventive concept.

I claim:

1. A composition of matter comprising a Y—Ba-—Cu—O
complex of nominal formula:

(Y,.Ba),Cu,0,, wherein “x” is about 0.01 to 0.5, “a” is
about 1 to 2, “b™ is 1, and “y” is about 2 to about 4,
containing a superconductive crystalline phase consist-
ing essentially of Y, Ba, Cu and O which has zero elec-
trical resistance at 77° K or above, said superconductive
crystalline phase having a crystal structure uncharacter-
istic of that of a K, NiF,, crystal structure, and said super-
conductive crystalline phase being present in said com-
position of matter in a quantity sufficient to provide the
composition with a diamagnetic signal at 4.2° K corre-
spontding to at least 24% of the superconducting signal
of a lead sample with similar dimensions.

2. A composition of matter comprising a Y—Ba-—Cu—O

complex of nominal formula:

(Y,_.Ba,),Cu,0,, wherein “x" is 0.4, “a”i5 2, *b™is |, and
“y™ is about 2 to about 4, containing a superconductive
crystalline phase consisting essentially of Y, Ba, Cu and
O which has zero electrical resistance at 77° K or above,
said superconductive crystalline phase having a crystal
structure uncharacteristic of that of a K;NiF, crystal
structure, and said superconductive crystalline phase
being present in said composition of matter in a quantity
sufficient to provide the composition with adiamagnetic
signal at 4.2° K corresponding to about 24% of the
superconducting signal of a lead sample with similar
dimensions.

3. A method for conducting an electrical current without
electrical resistive losses, comprising the steps of:
utilizing as a conductor a composition of matter compris-
ing a Y—Ba—Cu—0 complex of nominal formula
(Y,_.Ba),Cu,0,, wherein “x” is about 0.01 to0 0.5, “a™
is about 1 1o 2, “b” is 1, and “y” is about 2 to about 4,
containing a superconductive crystalline phase consist-
ing essentially of Y, Ba, Cu and O which has zero elec-

)
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trical resistance at 77° K or above, said superconductive
crystalline phase having a crystal structure uncharacter-
istic of that of a K,NiF, crystal structure, and said super-
conductive crystalline phase being present in said com-
5 position of matter in a quantity sufficient to provide the
composition with a diamagnetic signal at 4.2° K corre-
sponding to at least 24% of the superconducting signal
of a lead sample with similar dimensions;
cocling said composition of matter to a temperature at or
10 below that at which said crystalline phase becomes
superconductive; and
initiating a flow of electrical current within said composi-
tion of matter while maintaining said composition of
matter at or below the temperature at which said crys-
15 talline phase becomes superconductive.
4. A method for conducting an electrical current without
electrical resistive losses, comprising the steps of:
- utilizing as a conductor a composition of matter compris-
ing a Y—Ba--Cu—O complex of nominal formula
20 (Y. Ba):,Cu,0,, wherein *x” is 0.4,“a" is 2, “b™is 1,
and “'y” is about 2 to about 4, containing a superconduc-
tive crystalline phase consisting essentially of Y, Ba, Cu
and O which has zero electrical resistance at 77° K or
above, said superconductive crystalline phase having a
25 crystal structure uncharacteristic of that of a K,NiF,
crystal structure, and said superconductive crystalline
phase being present in said composition of matter in a
quantity sufficient to provide the composition with a
diamagnetic signal at 4.2° K corresponding to about
30 24% of the superconducting signal of a lead sample with
similar dimensions;
cooling said composition of matter to a temperature at or
below that at which said crystalline phase becomes
superconductive; and
35  initiating a flow of electrical current within said composi-
tion of matter while maintaining said composition of
matter at or below the temperature at which said crys-
talline phase becomes superconductive.
5. A superconducting composition exhibiting zero electri-

40 cal resistance at a temperature of 40° K or above of having the

nominat formula
[Y,_BsLCu,0,
whereinxis0.4,ais2,bis 1,and yis 2 tc 4.

a5 6. The superconducting composition of claim § wherein

the composition exhibits zero electrical resistance at a tem-
perature of 77° K or above.

7. The superconducting composition of claim 5 wherein
said composition has a crystal structure vncharacteristic of

so that of a K;NiF, crystal structure.

8. A superconducting composition exhibiting zero electri-
cal resistance at a temperature of 77° K or above having the
nominal formula:

Y,Ba,Cu 0,

wherein “a™ is about 1.2,“b” is about 0.8, “c” is about 1.0,
and “x” is about 2 to 4.

S
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Effective: November 2, 2002

United States Code Annotated Currentness
Title 35. Patents (Refs & Annos) _
"& Part 1. Patentability of Inventions and Grant of Patents (Refs & Annos)

“@ Chapter 11. Application for Patent (Refs & Annos)
= § 116. Inventors

When an invention is made by two or more persons jointly, they shall apply for patent jointly and
each make the required oath, except as otherwise provided in this title. Inventors may apply for a
patent jointly even though (1) they did not physically work together or at the same time, (2) each did
not make the same type or amount of contribution, or (3) each did not make a contribution to the
subject matter of every claim of the patent.

If a joint inventor refuses to join in an application for patent or cannot be found or reached after
diligent effort, the application may be made by the other inventor on behalf of himself and the
omitted inventor. The Director, on proof of the pertinent facts and after such notice to the omitted
inventor as he prescribes, may grant a patent to the inventor making the application, subject to the
same rights which the omitted inventor would have had if he had been joined. The omitted inventor
may subsequently join in the application.

Whenever through error a person is named in an application for patent as the inventor, or through
error an inventor is not named in an application, and such error arose without any deceptive intention
on his part, the Director may permit the application to be amended accordingly, under such terms
as he prescribes.

CREDIT(S)

(July 19, 1952, c. 950, 66 Stat. 799; Aug. 27, 1982, Pub.L. 97-247. § 6(a), 96 Stat. 320; Nov. 8,
1984, Pub.L. 98-622. Title L. § 104(a), 98 Stat. 3384; Nov. 29, 1999 Pub.L. 106-113, Div. B, §
1000(a)(9) [Title IV, § 4732(a)(10)(A)], 113 Stat. 1536, 1501 A-582; Nov. 2, 2002, Pub.L. 107-273,
Div. C, Title I, § 13206(b)(1)(B), 116 Stat. 1906.)

© 2010 Thomson Reuters. No Claim to Orig. US Gov. Works.
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HISTORICAL AND STATUTORY NOTES
Revision Notes and Legislative Reports

1952 Acts. The first paragraph is implied in the present statutes, and the part of the last paragraph
relating to omission of an erroneously joined inventor is in the Patent Office rules. The remainder
is new and provides for the correction of a mistake in erroneously joining a person as inventor, and
for filing an application when one of several joint inventors cannot be found. This section is ancillary

to § 256.

1982 Acts. House Report No. 97-542, see 1982 U.S. Code Cong. and Adm. News, p. 765.

1984 Acts. Section-by-Section Analysis, see 1984 U.S. Code Cong. and Adm. News, p. 5827.
1999 Acts. Statement by President, see 1999 U.S. Code Cong. and Adm. News, p. 290.

2002 Acts. House Conference Report No. 107-685 and Statement by President, see 2002 U.S. Code
Cong. and Adm. News, p. 1120.

Amendments

2002 Amendments, Pub.L. 107-273, § 13206(b)(1)(B), amended directory language of Pub.L.
106-113 [§ 4732(2)(10)(A)], requiring no change in text. See 1999 Amendments note under this

section.

1999 Amendments. Pub.L. 106-113 [§ 4732(a)(10)(A)], as amended by Pub.L. 107-273, §
13206(b)(1)(B), struck out “Commissioner” and inserted “Director” throughout the section.

1984 Amendments. Pub.L. 98-622 struck out “and each sign the application™ after “patent jointly”
and added the sentence beginning “Inventors may apply” in the first paragraph.

982 Amendments. Pub.L. 97-247, § 6{(a), substituted “Inventors” for “Joint Inventors” as section

© 2010 Thomson Reuters. No Claim to Orig. US Gov. Works.
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heading, and substituted “through error a person is named in an application for patent as the inventor,
or through error an inventor is not named in an application” for “a person is joined in an application

for patent as joint inventor through error, or a joint inventor is not included in an application through
error’.

Effective and Applicability Provisions

1999 Acts. Amendment by Pub.L. 106-113 [§ 4732(a)(10)(A)], effective 4 months after the date of
enactment of this Act [Nov. 29, 1999, which is the date of enactiment of Pub.L. 106-113, 113 Stat.
1501, which in Div. B, § 1000(a)(9), enacted into law this Act as an Appendix], see Pub.L. 106-113
[§ 4731], set out as a note under section 1 of this title. :

1984 Acts. Amendment by Pub.L. 98-622, applicable to all United States patents granted before, on,
or after Nov. 8, 1984 and to all amendments for United States patents pending on or filed after that
date, except as otherwise provided, see section 106 of Pub.L. 98-622, set out as an Effective Date
of 1984 Amendment note under section 103 of this title.

1982 Acts. Amendment by Pub.L. 97-247 effective six months after Aug. 27, 1982, see § 17(c) of
Pub.L. 97-247, set out as an Effective Date note under § 294 of this title.

CROSS REFERENCES

Correction of inventor named in issued patent, see 35 USCA § 256.
Joint owners, see 35 USCA § 262.

CODE OF FEDERAL REGULATIONS

Joint inventors, application by, see 37 CFR § 1.45, set out in the Appendix.

LIBRARY REFERENCES

American Digest System

© 2010 Thomson Reuters. No Claim to Orig. US Gov. Works.
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35 U.S.CA. § 256 -

>
Effective; November 02, 2002

United States Code Annotated Currentness
Title 35. Patents (Refs & Annos)
8 Part II]. Patents and Protection of Patent Rights
“&@ Chapter 25. Amendment and Correction of Patents (Refs & Annos)

= § 256. Correction of named inventor

Whenever through error a person is named in an issued patent as the inventor, or through error an
inventor is not named in an issued patent and such error arose without any deceptive intention on his
part, the Director may, on application of all the parties and assignees, with proof of the facts and such
other requirements as may be imposed, issue a certificate correcting such error.

The error of omitting inventors or naming persons who are not inventors shall not invalidate the
patent in which such error occurred if it can be corrected as provided in this section. The court
before which such matter is called in question may order correction of the patent on notice and
hearing of all parties concerned and the Director shall issue a certificate accordingly.

CREDIT(S)
(July 19, 1952, c. 950, 66 Stat. 810; Aug. 27, 1982, Pub.L. 97-247, § 6(b). 96 Stat. 320; Nov. 29,

1999, Pub.L. 106-113, Div. B, § 1000(a)(9) [Title IV, § 4732(a)(10)(A)], 113 Stat. 1536,
1501A-582; Nov. 2, 2002, Pub.L. 107- 273, Div. C, Title IIL, § 13206(b)(1)(B), 116 Stat. 1906.)

HISTORICAL AND STATUTORY NOTES

Revision Notes and Legislative Reports

1952 Acts. This section is new and is companion to § 116.

The first two paragraphs provide for the correction of the inadvertent joining or nonjoining of a

person as a joint inventor. The third paragraph provides that a patent shall not be invalid for such
cause, and also provides that a court may order correction of a patent; the two sentences of this

© 2007 Thomson/West. No Claim to Orig. U.S. Govt. Works.
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paragraph are independent.

1982 Acts. House Report No. 97-542, see 1982 U.S. Code Cong. and Adm. News, p. 765.

1999 Acts. Statement by President, see 1999 U.S. Code Cong. and Adm. News, p. 290.

2002 Acts. House Conference Report No, 107-685 and Statement by President, see 2002 U.S. Code
Cong. and Adm. News, p. 1120.

Amendments

2002 Amendments. Pub.L. 107-273. § 13206(b)}(1)(B}. amended directory language of Pub.L.
106-113 [§ 4732(a)(10)(A)], requiring no change in text. See 1999 Amendments note under this
section.

1999 Amendments. Pub.L. 106-113 [§ 4732(a)(10)(A)], as amended by Pub.L. 107-273. §
13206(b)(1)(B). struck out "Commissioner" and inserted "Director" throughout the section.

1982 Amendments. Pub.L. 97-247, § 6(b). substituted "Correction of named inventor" for
"Misjoinder of inventor” as the section catchline and, in text, substituted "Whenever through error
a person is named in an issued patent as the inventor, or through error an inventor is not named in
an issued patent and such error arose without any deceptive intention on his part, the Commissioner
may, on application of all the parties and assignees, with proof of the facts and such other
requirements as may be imposed, issue a certificate correcting such error" for "Whenever a patent
is issued on the application of persons as joint inventors and it appears that one of such persons was
not in fact a joint inventor, and that he was included as a joint inventor by error and without any
deceptive intention, the Commissioner may, on application of all the parties and assignees, with
proof of the facts and such other requirements as may be imposed, issue a certificate deleting the
name of the erroneously joined person from the patent", substituted "The error of omitting inventors
or naming persons who are not inventors shall not invalidate the patent in which such error occurred
it if can be corrected as provided in this section" for "Whenever a patent is issued and it appears that
a person was a joint inventor, but was omitted by error and without deceptive intention on his part,
the Commissioner may, on application of all the parties and assignees, with proof of the facts and -
such other requirements as may be imposed, issue a certificate adding his name to the patent as a
joint inventor", and struck out provision that the misjoinder or nonjoinder of joint inventors not
invalidate a patent, if such error can be corrected as provided in this section.

Effective and Applicability Provisions

© 2007 Thomson/West. No Claim to Orig. U.S. Govt. Works.
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35U.8.C.A. §256

1999 Acts. Amendment by Pub.L. 106-113 [§ 4732(a)(10)(A)], effective 4 months after the date of
enactment of this Act [Nov. 29, 1999, which is the date of enactment of Pub.L.. 106-113, 113 Stat.
1501, which in Div. B, § 1000(a)(9), enacted into law this Act as an Appendix], see Pub.L. 106-113
[§ 4731], set out as a note under section 1 of this title.

1982 Acts. Amendment by Pub.L. 97-247 effective six months after Aug. 27, 1982, see § 17(c) of
Pub.L. 97-247, set out as an Effective Date note under § 294 of this title.

CROSS REFERENCES

Application for patent by joint inventors, see 35 USCA § 116,
CODE OF FEDERAL REGULATIONS

Correction of inventorship, see 37 CFR §§ 1.48, 1.324, set out in the Appendix.
LAW REVIEW COMMENTARIES

Ex parte patent practice and the rights of third parties. Russell E. Levine, Jay L. Alexander and
William E. Devitt, 45 Am.U.L.Rev. 1987 (1996). '

LIBRARY REFERENCES
American Digest System
Patents €126,
Key Number System Topic No. 291.

Corpus Juris Secundum

CJS Patents § 134, Of Joint Invention.

CJS Patents § 210, Name of Patentee.

CJS Patents § 216, Correction of Named Inventor.

© 2007 Thomson/West. No Claim to Orig. U.S. Govt. Works.



 Sub Sub Jula B b 550 B0 SO FH FU FT TR TV ETATITV VIRV IV

Westlaw.

37 C.F.R. § 1.324

Effective:{See Text Amendments]
Code of Federal Regulations Currentness

Title 37. Patents, Trademarks, and Copyrights
Chapter 1. United States Patent and
Trademark Office, Department of
Commerce (Refs & Annos)
Subchapter A. General
Patents
Part 1. Rules of Practice in Patent
Cases (Refs & Annos)
~8_Subpart B. National Processing
Provisions
g Correction of Errors in Patent
-+ § 1.324 Correction of
inventorship in patent,
pursuant to 35 U.S.C. 256.
(a) Whenever through error a person is named in
an issued patent as the inventor, or through error
an inventor is not named in an issued patent and
such error arose without any deceptive intention
on his or her part, the Director, pursuant to 35
U.S.C. 256, may, on application of all the parties
and assignees, or on order of a court before
which such matter is called in question, issue a
certificate naming only the actual! inventor or
inventors. A petition to correct inventorship of
apatent involved in an interference must comply
with the requirements of this section and must
be accompanied by a motion under §
41.121(a)(2) or § 41.121(a)(3) of this title.

(b) Any request to correct inventorship of a
patent pursuant to paragraph (a) of this section
must be accompanied by:

Page 1

(1) Where one or more persons are being
added, a statement from each person who is
being added as an inventor that the
inventorship error occurred without any
deceptive intention on his or her part;

{2) A statement from the current named
inventors who have not submitted a
statement under paragraph (b)(1) of this
section either agreeing to the change of
inventorship or stating that they have no
disagreement in regard to the requested
change;

(3) A statement from all assignees of the
parties submitting a statement under
paragraphs (b)(1) and (b)(2) of this section
agreeing to the change of inventorship in the
patent, which statement must comply with
the requirements of § 3.73(b) of this chapter;
and

(4) The fee set forth in § 1.20(b).

(c) For correction of inventorship in an
application, see §§ 1.48 and 1.497.

(d) In a contested case before the Board of
Patent Appeals and Interferences under part 41,
subpart D, of this title, a request for correction
of a patent must be in the form of a motion

under § 41.121(a)(2) or § 41.121(a)(3) of this
title.

[24 FR 10332, Dec. 22, 1959, as amended at 48
FR 2713, Jan. 20, 1983; 49 FR 48454, Dec. 12,
1984; 50 FR 23123, May 31, 1985; 62 FR

© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works.
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53199, Oct. 10, 1997; 65 FR 54677, Sept. 8,
2000; 69 FR 50001, Aug. 12, 2004; 69 FR

56545, Sept. 21, 2004; 70 FR 3891, Jan. 27,

2005]

SOURCE: 24 FR 10332, Dec. 22, 1959; 60 FR
14518, March 17, 1995; 65 FR 14871, March
20, 2000; 65 FR 33455, May 24, 2000; 65 FR
50103, Aug. 16, 2000; 65 FR 56793, Sept. 20,
2000; 65 FR 70490, Nov. 24, 2000, unless
otherwise noted.

AUTHORITY: 35 U.S.C. 2(bX2), unless
otherwise noted.

37C.F.R. §1.324,37 CFR § 1.324

Current through October 27,2011; 76 FR 66844
© 2011 Thomson Reuters

END OF DOCUMENT
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37C.F.R. §1.48

Effective:[See Text Amendments]
Code of Federal Regulations Currentness

Title 37. Patents, Trademarks, and Copyrights
Chapter 1. United States Patent and
Trademark Office, Department of
Commerce (Refs & Annos)
Subchapter A. General
Patents
Part 1. Rules of Practice in Patent
Cases (Refs & Annos)

~@_Subpart B. National Processing

Provisions

~@ Who May Apply for a Patent
- § 1.48 Correction of
inventorship in a patent
application, other than a
reissue application, pursuant
to 35 U.S.C. 116.

(a) Nonprovisional application after
oath/declaration filed. If the inventive entity is
set forth in error in an executed § 1.63 oath or
declaration in a nonprovisional application, and
such error arose without any deceptive intention
on the part of the person named as an inventor in
error or on the part of the person who through
error was not named as an inventor, the
inventorship of the nonprovisional application
may be amended to name only the actual
inventor or inventors. Amendment of the

inventorship requires:

(1) A request to correct the inventorship that
sets forth the desired inventorship change;

Page |

(2) A statement from each person being
added as an inventor and from each person
being deleted as an inventor that the error in
inventorship occurred without deceptive
intention on his or her part;

(3) An oath or declaration by the actual
inventor or inventors as required by § 1.63
or as permitted by §§ 1,42, 1.43 or § 1.47;

(4) The processing fee set forth in § 1.17(i);
and

(5) If an assignment has been executed by
any of the original named inventors, the
written consent of the assignee (see §
3.73(b) of this chapter).

(b) Nonprovisional application--fewer inventors
due to amendment or cancellation of claims. If
the correct inventors are named in a
nonprovisional application, and the prosecution
of the nonprovisional application results in the
amendment or cancellation of claims so that
fewer than all of the currently named inventors
are the actual inventors of the invention being
claimed in the nonprovisional application, an
amendment must be filed requesting deletion of
the name or names of the person or persons who
are not inventors of the invention being claimed.
Amendment of the inventorship requires:

(1) A request, signed by a party set forth in.
§_1.33(b), to correct the inventorship that
identifies the named inventor or inventors
being deleted and acknowledges that the
inventor's invention is no longer being
claimed in the nonprovisional application;

© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works.
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and
(2) The processing fee set forth in § 1.17(i).

(c) Nonprovisional application--inventors added
for claims to previously unclaimed subject
matier. If a nonprovisional application discloses
unclaimed subject matter by an inventor or
inventors not named in the application, the
application may be amended to add claims to the
subject matter and name the correct inventors for
the application. Amendment of the inventorship
requires:

(1) A request to correct the inventorship that
sets forth the desired inventorship change;

(2) A statement from each person being
added as an inventor that the addition is
necessitated by amendment of the claims
and that the inventorship error occurred
without deceptive intention on his or her
part;

(3) An oath or declaration by the actual
inventors as required by 1.63 or as
permitted by §§ 1.42, 1.43 or § 1.47;

(4) The processing fee set forth in § 1.17(i);
and

(5) If an assignment has been executed by
any of the original named inventors, the
written consent of the assignee (see §
3.73(b) of this chapter).

(d) Provisional application--adding omitted
inventors. If the name or names of an inventor or
inventors were omitted in a provisional
application through error without any deceptive
intention on the part of the omitted inventor or

Page 2

inventors, the provisional application may be
amended to add the name or names of the
omitted inventor or inventors. Amendment of
the inventorship requires:

(1) A request, signed by a party set forth in
§ 1.33(b), to correct the inventorship that
identifies the inventor or inventors being
added and states that the inventorship error
occurred without deceptive intention on the
part of the omitted inventor or inventors; and

(2) The processing fee set forth in § 1.17(q).

(e) Provisional application--deleting the name or
names of the inventor or inventors. If a person or
persons were named as an inventor or inventors
in a provisional application through error
without any deceptive intention on the part of
such person or persons, an amendment may be
filed in the provisional application deleting the
name or names of the person or persons who
were erroneously named. Amendment of the
inventorship requires:

(1) A request to correct the inventorship that
sets forth the desired inventorship change;

(2) A statement by the person or persons
whose name or names are being deleted that
the inventorship error occurred without
deceptive intention on the part of such
PErson Or persons;

(3) The processing fee set forth in § 1.17(q);
and

(4) If an assignment has been executed by
any of the original named inventors, the
written consent of the assignee (see §
3.73(b) of this chapter).

© 2011 Thomson Reuters. No Claim to Orig. US Gov. Works.
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(f)(1) Nonprovisional application--filing
executed oath/declaration corrects inventorship.
If the correct inventor or inventors are not
named on filing a nonprovisional application
under § 1.53(b) without an executed oath or
declaration under § 1.63 by any of the inventors,
the first submission of an executed oath or
declaration under § 1.63 by any of the inventors
during the pendency of the application will act
to correct the earlier identification of
inventorship. See §§ 1.41(a)}4)and 1.497(d)and
(f) for submission of an executed oath or
declaration to enter the national stage under 35
U.S.C. 371 naming an inventive entity different
from the inventive entity set forth in the
international stage.

(2) Provisional application--filing cover
sheet corrects inventorship. If the correct
inventor or inventors are not named on filing
a provisional application without a cover
sheet under § 1.51(c¥1), the later
submission of a cover sheet under §
1.51(c)(1) during the pendency of the
application will act to correct the earlier
identification of inventorship.

(g) Additional information may be required. The
Office may require such other information as
may be deemed appropriate under the particular

circumstances surrounding the correction of

inventorship.

(h) Reissue applications not covered. The
provisions of this section do not apply to reissue
applications. See §§ 1.171 and 1.175 for
correction of inventorship in a patent via a
reissue application.

(i) Correction of inventorship in patent. See §

Page 3

1.324 for correction of inventorship in a patent.

(j) Correction of inventorship in a contested case
before the Board of Patent Appeals and
Interferences. In a contested case under part 41,
subpart D, of this title, a request for correction
of an application must be in the form of a
motion under § 41.121(a)(2) of this title and
must comply with the requirements of this
section.

(48 FR 2709, Jan. 20, 1983; 49 FR 48452, Dec.
12, 1984; 50 FR 9379, March 7, 1985; 57 FR
56447, Nov. 30, 1992; 60 FR 20222, April 25,
1995; 62 FR 53185, Oct. 10, 1997, 65_FR
54663, Sept. 8, 2000; 67 FR 523, Jan. 4, 2002;
69 FR 49998, Aug. 12, 2004]

SOURCE: 24 FR 10332, Dec. 22, 1959; 60 FR
14518, March 17, 1995; 65 FR 14871, March
20, 2000; 65 FR 33455, May 24, 2000; 65 FR
50103, Aug. 16, 2000; 65 FR 56793, Sept. 20,
2000; 65 _FR 70490, Nov. 24, 2000, unless
otherwise noted.

AUTHORITY: 35 U,S.C. 2(bX2), unless
otherwise noted.

37C.F.R. § 148,37 CFR § 1.48

Current through October 27,2011; 76 FR 66844
© 2011 Thomson Reuters

END OF DOCUMENT
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