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As can be seen, the photographs do not discernibly show that the SSLEEC Domestic
Industry Products have a lead frame or a transparent plate. Further, no quantitative testing was
done on the SSLEEC Domestic Industry Products to determine whether the materials used for the
submounts are “transparent,” and the photographs are not amenable to such a determination on
their own.
Additionally, to practice the “lead frame” limitation, the SSLEEC Domestic Industry
Products must be shown to have a support structure providing an interface to a semiconductor die.
Dr. Schubert states that there is a “TO package” but does not explain how it provides an interface
to a semiconductor die, and Complainant points to nothing in the record providing that
information. Such conclusory testimony is insufficient to establish the technical prong for
domestic industry. Certain Static Random Access Memories and Products Containing Same, Inv.
No. 337-TA-792, Comm’n Op. at 17 (June 28, 2013) (EDIS Doc ID 512305) (upholding finding
that complainant failed to establish the technical prong where the expert “offered conclusory and
failed to explain how the demonstrative evidence he relied on referred back to the actual evidence
in the record” (internal quotes omitted)).
I address further failures of proof with the purportedly representative products below.
(a)

Alhassan FY2016 (CPX-0034)

Dr. DenBaars testified that Alhassan FY2016 has an LED mounted on a roughened
sapphire plate in a vertical configuration, shown below. Tr. (DenBaars) at 183:12-22.
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Dr. DenBaars, however, does not discuss whether this product has a lead frame, and the structure
is not sufficiently visible from the photograph to ascertain whether the sapphire plate and bond
wires satisfy that limitation. Thus, I find that Complainant has not shown that Alhassan FY2016
practices this limitation.
(b)

Oh FY2017 (CPX-0037)

Dr. DenBaars testified that Oh FY2017 prototype (CPX-0037) is a 1-millimeter chip
mounted on a roughened sapphire transparent plate in a vertical configuration where “blue light is
transmitted through the roughened sapphire plate.” Tr. (DenBaars) at 159:1-16. The picture below
is of the back side of the LED. Id. at 160:3-12.
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Dr. DenBaars explained that one can see “blue light being transmitted out the back surface through
the transparent plate” and also “the reflection of that blue light on the silver reflector” on the right
side.” Tr. (DenBaars) at 159:13-16.
However, it is unclear why Dr. DenBaars believes that the plate is sapphire. Dr. Sang Ho
Oh, who created this sample, testified at his deposition that the sample corresponded to an article
that was published in 2016, “Semipolar III-nitride light-emitting diodes with negligible efficiency
droop up to 1 W,” admitted here as RX-0124. JX-0038 at 41:22-42:17, 45:6-46:9. Dr. Oh stated
the device in the article was made of “zinc oxide,” but he had “tried many other transparent
materials such as sapphire, transparent sapphire, or the patterned sapphire.” RX-0123C at 53:1619; see also JX-0038 at 66:17-22. Dr. Oh testified that he was not sure what substrate was used in
the Oh FY2017 prototype, and he could not determine whether zinc oxide or sapphire was used.
JX-0038 at 66:7-67:20.

66

PUBLIC VERSION
Dr. Oh’s testimony calls into question the accuracy of Dr. DenBaars’ testimony,
particularly since Dr. DenBaars personally did not create the SSLEEC Domestic Industry Products
about which he was testifying. Because of this and because it is unclear what, if anything, would
constitute a lead frame in the device, I find that Complainant has failed to meet its burden of
showing that Oh FY2017 meets this limitation.
(c)

Azimah FY2018 (CPX-0044)

Azimah FY2018 (CPX-0044) has a GaN chip on a roughened GaN substrate that has been
placed on a patterned sapphire submount and surrounded with a roughened phosphor matrix. Tr.
(DenBaars) at 179:20-180:7. However, testing documented in the photograph below showed
“[t]he majority of the white light is demonstrated on the front surface” (downward below the
rectangle in the photo) with only 20% to 40% of the light transmitting through the back surface
(upward above the rectangle in the photo):
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CDX-0006.0015; Tr. at 180:3-24, 226:21-25, 227:1-17; see also id. at 226:4-20. The paucity of
light passing through the back surface suggests that the submount is not transparent. Further, there
is no evidence that Azimah FY2018 has a lead frame.
For these reasons, I find that Complainant has failed to meet its burden of proving that
Azimah FY2018 practices this limitation.
(d)
Wong FY2021 (CPX-0046) and Wong FY2021
(CPX-0047)
Wong FY2021 (CPX-0047) is a “micro-LED sample on a transparent plate.”

Tr.

(DenBaars) at 173:10-13. Dr. Wong testified that CPX-0047 is the world record micro-LED that
he fabricated at UCSB using transparent packaging. Tr. (Wong) at 315:19-24. He also testified
that CPX-0047 is the device that is described in his paper, CX-2208, “Enhanced external quantum
efficiency of III-nitride micro-light-emitting diodes using vertical and transparent package.” Id.
at 316:14-22.
Dr. DenBaars described Wong FY2021 (CPX-0047) as a micro-LED on a double polished
sapphire surface that is completely transparent, as shown below. Tr. (DenBaars) at 173:10-21.
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Dr. DenBaars describes a “blue light exiting out the back surface of the sapphire and hitting that
silver post there on the right side,” as shown below. Tr. (DenBaars) at 174:5-15.

Thus, I find that Wong FY2021 has a transparent plate.
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Concerning the “lead frame” limitation, Dr. Wong’s paper, discussed above, includes the
following diagram of the Wong FY2021 device:

CX-2208.
This figure shows a support structure providing an interface to a semiconductor die, as
required by the proper construction of “lead frame.” The figure also shows a transparent plate in
the lead frame. In light of the foregoing, I find that Wong FY2021 practices this limitation.
As explained in more detail in connection with the “phosphor” limitation below, Wong
FY2021 is embodied in two samples, CPX-0047 and CPX-0046. Dr. Wong specifically and
persuasively testified that CPX-0046 and CPX-0047 have “the same” transparent plate packaging
and that “the only difference” is that the 46 sample has phosphor on it, whereas the 47 sample does
not. See Tr. (Wong) at 318:4-8. I therefore find that CPX-0046 and CPX-0047 meet this
limitation.
No other SSLEEC Domestic Industry Products have been shown to meet this limitation.
iv.

“and a phosphor for converting the light emitted by
the LED chip at the first wavelength to a second
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wavelength”
Dr. Schubert testified that each of the SSLEEC Domestic Industry Products emit a first
wavelength of light that is converted to a second wavelength, such as a yellow light wavelength.
Tr. (Schubert) at 660:14-20. But for most of those products, Dr. Schubert’s evidence of a phosphor
in the same device in which he identified other limitations is lacking. Dr. Schubert cited two
different samples for each of Alhassan FY2016, Oh FY2017, and Wong FY2021. For some of
those products, Dr. Schubert appears to rely on two different samples in order to compile every
limitation of claim 1, as explained below. Such analysis does not satisfy the technical prong of
the domestic industry requirement.
The only SSLEEC sample persuasively shown to have all elements of claim 1 in the same
device is the Wong FY2021 (CPX-0046) sample.
(a)

Alhassan FY2016 (CPX-0035)

To show that the “phosphor” limitation is met, Complainant relies on a different Alhassan
sample (CPX-0035) from the one discussed above (CPX-0034) with respect to the limitation
requiring a transparent plate in a lead frame. Dr. DenBaars testified that CPX-0035 is a transparent
blue LED on a roughened sapphire plate that he believes was made by Abdullah Alhassan, shown
below. Tr. (DenBaars) at 184:16-185:1. However, Dr. DenBaars testified that CPX-0034 is a
green LED. Id. at 183:12-22.
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Dr. DenBaars described this photograph as showing that the “plate lights up completely blue”
meaning that “blue light is being passed out all surfaces of that sapphire plate.” Id. at 185:4-6. He
explained that he could tell light was coming out of all sides because you can see that there is some
light coming out of the gray rectangle in the photograph above. Id. at 231:4-18. Given that this
LED is a blue LED and CPX-0034 is a green LED, there is no evidence that the two samples have
the same structure. Thus, I find that Complainant has failed to demonstrate that Alhassan FY2016
(CPX-0034) practices the phosphor limitation, and conversely that Complainant has failed to
demonstrate that Alhassan FY2016 (CPX-0035) practices limitation requiring a transparent plate
in a lead frame.
(b)

Oh FY207 (CPX-0038)

Dr. DenBaars discussed sample CPX-0038 and stated that it was similar to CPX-0037 cited
above but CPX-0038 has “a white phosphor and a molding,” as shown below. Tr. (DenBaars)
at 160:16-21.
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Dr. DenBaars applied current to CPX-0038 at the hearing and testified, “you can see that the blue
light is being emitted from the chip from all directions and it’s now giving a nice 360-degree . . .
emission output of white light.” Tr. (DenBaars) at 160:22-25. A picture of CPX-0038 while turned
on is below.
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CDX-0006.0005. However, as I noted at the time, this testimony did not reflect my own perception
at the time, as I could not perceive light emission from all sides. See id. at 161:1-2.
There is no evidence other than Dr. DenBaars’s testimony that CPX-0038 is the same
device as CPX-0037. To the contrary, Dr. Oh testified that the two devices shown below were
made as part of two different research projects. JX-0038 at 66:7-16.

RX-0123C.0009 (corresponds to Ex. 4 at Oh Dep.). Thus, there does not appear to be any evidence
that CPX-0038, containing the phosphor, is the same as or has the same features as CPX-0037.
Accordingly, I find that Complainant has not shown that Oh FY2017 (CPX-0037) practices this
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limitation. Conversely, I find that Complainant has failed to demonstrate that Oh FY2017
(CPX-0038) practices limitation requiring a transparent plate in a lead frame.
(c)

Wong FY2021 (CPX-0046)

Dr. DenBaars relied on Wong FY2021 (CPX-0046) during his discussion of the
“phosphor” limitation. He described Wong FY2021 (CPX-0046) as showing “true white light
generation using the micro-LED technology on the transparent plate.”

Tr. (DenBaars) at

175:11-20. Dr. DenBaars testified that, in this sample, the filament extends into the board and is
“surrounded by a roughened phosphor matrix in addition to being on the transparent plate.” Id. at
175:21-25.

CDX-0006.0011. The phosphor matrix in Wong FY2021 (CPX-0046) converts light emitted
from the LED chip to a different wavelength, such as a yellow light wavelength. See Tr.
(Schubert) at 660:14-20. .
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I therefore find that Wong FY2021 (CPX-0046) meets the “phosphor” limitation and has
all other limitations of claim 1 of the ’529 patent in the same device. Accordingly, I find that
Wong FY2021 (CPX-0046) is an article protected by claim 1 of the ’529 patent in accordance with
19 U.S.C. § 1337(a)(3). No other SSLEEC Domestic Industry Products have been persuasively
shown to practice claim 1 of the ’529 patent.
b. Claim 6
I find that none of the SSLEEC Domestic Industry Products practice claim 6 of the ’529
patent.
i.

“The device of claim 1”

For the reasons discussed above, only Wong FY2021 (CPX-0046) practices claim 1 of the
’529 patent.
ii.

“wherein the transparent plate is roughened,
textured or patterned to increase light
extraction from the LED chip through the
transparent plate in the lead frame.”

Dr. Schubert testified that the Alhassan FY2016, Oh FY2017, Wong FY2021 (CPX-0046)
and Wong FY2021 (CPX-0047) devices practice this limitation. Tr. (Schubert) at 666:18-667:5;
CDX-0002C.0084. Dr. Schubert did not offer an opinion regarding whether the Azimah FY2018
sample practices this limitation. Id. at 667:6-13.
Dr. Schubert’s conclusion appears to rely on SSLEEC publications, since only publications
are shown in the slide he referenced during his testimony (CDX-0002C.0084). But Dr. Schubert
did not discuss the content of any of the publications during his testimony. Additionally, no
percipient fact witnesses like Drs. Wong and DenBaars connected the descriptions in these papers
to the SSLEEC Domestic Industry Products introduced at trial. Although Dr. DenBaars testified
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that several of the SSLEEC Domestic Industry Products have roughened submounts, the basis for
his testimony is not clear.
Further, even if some SSLEEC Domestic Industry Products have roughened submounts,
the record lacks persuasive evidence that structures in question have a roughened surface “to
increase light extraction,” as required by claim 6. Dr. DenBaars testified that not all roughening,
texturing, or patterning will increase light extraction because “[i]t has to be the right size features.”
Tr. (DenBaars) at 189:21-24. Indeed, the wrong pattern, shape, or size can decrease light
extraction through a material. Id. at 190:18-18. Complainant’s most pertinent, though still
deficient, evidence on this point is discussed below.
(a)

Alhassan FY2016

Dr. DenBaars testified that Alhassan FY2016 has a roughened sapphire plate.

Tr.

(DenBaars) at 183:12-22. Dr. DenBaars showed the following photograph to prove the back side
of the sample is roughened:
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CDX-0006.0017A; Tr. at 184:1-9. When I told Dr. DenBaars at the hearing that I could not
determine from this evidence that the device had a roughened surface, he testified that he could
tell with his eye that the plate was roughened because it appears white, and that greater
magnification would show roughening. Tr. (DenBaars) at 228:22-230:4. No such magnification
appears in the record, which inhibits my ability to find this limitation is satisfied.
Even if Dr. DenBaars’ testimony were to be accepted that Alhassan FY2016 has a
roughened surface, however, there is no evidence that the roughening is “to increase light
extraction” as required by claim 6. I therefore find that Complainant has failed to meet its burden
of showing Alhassan FY2016 meets this limitation.
(b)

Wong FY2021

Dr. Wong testified that the transparent submount in his device is a double-sided “polished”
sapphire plate.

Tr. (Wong) at 117:8-16; id. (Schubert) at 667:14-668:1.

Dr. DenBaars

distinguished a “polished” surface from a “patterned” surface, such as is recited in claim 6. Tr.
(DenBaars) at 224:18-225:1. The polished surface is “pretty clear and so it doesn’t have that much
scattering in it” as compared to a patterned surface. Id. This testimony undercuts a conclusion
that the Wong FY2021 device is roughened to increase light extraction.
Perhaps to overcome this contrary evidence, Complainant’s expert Dr. Schubert noted that
Dr. Wong’s publication describing the device, CX-2208, states that “[f]urther enhancements in
light extraction can be achieved by surface roughening of the transparent submount.” See
CX-2208; Tr. (Schubert) at 667:14-668:1. But that suggestion of a technique to pursue in future
experiments does not show that the Wong FY2021 device in the record here has a roughened,
textured, or patterned transparent plate.

To the contrary, CX-2208 states that the “work
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investigated” in the publication, consistent with Dr. Wong’s testimony, was polished.

See

CX-2208.0004.
I find that Wong FY2021 has not been persuasively shown to meet this limitation.
c. Claim 8
I find that that the only SSLEEC Domestic Industry Product that practices claim 8 of the
’529 patent is Wong FY2021 (CPX-0046).
i.

“The device of claim 1”

For the reasons discussed above, only Wong FY2021 (CPX-0046), practices claim 1 of the
’529 patent.
ii.

“wherein the LED chip includes a
transparent substrate and the transparent
substrate is adjacent the transparent plate.”

Respondents do not dispute that the SSLEEC Domestic Industry Products practice this
limitation. Dr. Schubert testified that the four charted SSLEEC Domestic Industry Products have
a transparent sapphire growth substrate that is positioned adjacent to the transparent plate. Tr.
(Schubert) at 671:11-20; see also, Tr. (Wong) at 317:6-17. I therefore determine that Wong
FY2021 (CPX-0046) is an article protected by claim 8 of the ’529 patent in accordance with
19 U.S.C. § 1337(a)(3). No other SSLEEC Domestic Industry Products have been persuasively
shown to practice claim 8 of the ’529 patent.
2.

Licensee Domestic Industry Products

Complainant asserts that the following Licensee Domestic Industry Products (also called
“Rigid Domestic Industry Products”) practice the asserted claims of the ’529 patent:
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ii.

“an LED chip emitting light at a first
wavelength, wherein the emitted light is
extracted from both front and back sides of
the LED chip”

Dr. Schubert testified that LED chips in the Rigid Domestic Industry Products emit blue
light from the front and back sides. Tr. (Schubert) at 648:3-649:3. Respondents do not contest
that this limitation is practiced. I therefore find the Rigid Domestic Industry Products satisfy this
limitation.
iii.

“a lead frame to which the LED chip is
attached, wherein the LED chip resides on or
above a transparent plate in the lead frame
that allows the emitted light to be extracted
out of the LED chip through the transparent
plate in the lead frame”

The parties do not dispute that the Rigid Domestic Industry Products have a “lead frame,”
but dispute that Ceramic Domestic Industry Products have a “transparent plate.”
(a)

“lead frame”

Dr. Schubert testified that the Rigid Domestic Industry Products satisfy this limitation. Tr.
(Schubert) at 654:3-22. No party disputes that opinion. I find the Rigid Domestic Industry
Products satisfy the “lead frame” limitation.
(b)

“transparent plate”

Complainant relies on photographs to show that the Ceramic Domestic Industry Products
have a “transparent plate”:
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CDX-0002C.0071; Tr. (Schubert) at 654:3-22. While the photographs do appear to show that
some light is passing through the submount plate in these devices, I previously determined in my
infringement analysis that photographs are not sufficient evidence to persuasively show a filament
submount is transparent.
Turning to other evidence, Complainant’s own LUX plots confirm that the Ceramic
Domestic Industry Products have levels of transmissivity similar to the non-transparent Accused
Products. Three such LUX plots exist in the record:
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Test results for the GE Relax and Sunlite (plotted above left and center) show the submounts in
those devices are not transparent because only around half of light is being transmitted through the
back of the submount. Analysis reports of the other Ceramic Domestic Industry Products
conspicuously omitted this LUX plot testing entirely. CX-0196; CX-0197; CX-0213; CX-0214;
CX-0215. I therefore find Complainant has failed to meet its burden of showing that the Ceramic
Domestic Industry Products practice this limitation. 16
In contrast, test results for the Acclaim Domestic Industry Product (plotted above right)
show transparency. The Acclaim test results are consistent with the known structure of the
Acclaim product, which includes a sapphire plate. Tr. (Schubert) at 614:14-18, 819:13-15.
I therefore find the Acclaim Domestic Industry Product meets this limitation.
iv.

“and a phosphor for converting the light
emitted by the LED chip at the first
wavelength to a second wavelength.”

Dr. Schubert testified, based on microscopy and elemental analysis, that the devices include
a phosphor that converts light from a first wavelength to a second wavelength. Tr. (Schubert) at
659:4-10, 660:4-11; CDX-0002C.0077. I find the Rigid Domestic Industry Products practice this
limitation.

16

Complainant does not appear to assert that the Licensee Domestic Industry Products practice the
“transparent plate” limitation under the doctrine of equivalents, but incorporates the entirety of its
infringement argument by reference. CIB at 56. To the extent this incorporation is intended to
include an argument that the Licensee Domestic Industry Products meet this limitation under the
doctrine of equivalents, that argument fails for lack of development (see Ground Rule 11.2) and
for the same reasons discussed with respect to infringement.
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e. Claim 6
The Acclaim Domestic Industry Product is not alleged to practice claim 6 of the ’529
patent. I find that that the Ceramic Domestic Industry Products do not practice claim 6 of the ’529
patent.
i.

“The device of claim 1”

Claim 6 depends from claim 1. For the reasons discussed above, I find that the Ceramic
Domestic Industry Products have not been shown to practice claim 1 of the ’529 patent. Such
products are not protected by claim 6 of the ’529 patent for at least that reason.
ii.

“wherein the transparent plate is roughened,
textured or patterned to increase light
extraction from the LED chip through the
transparent plate in the lead frame.”

The parties do not appear to dispute that the Ceramic Domestic Industry Products have a
“roughened, textured or patterned” transparent plate. Dr. Schubert testified that the Ceramic
Domestic Industry Products practice this limitation based on the following microscopic evidence:
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CDX-0002C.0083; Tr. (Schubert) at 666:7-12.
However, Respondents dispute whether the plate in the Ceramic Domestic Industry
Products is roughened, textured or patterned “to increase light extraction” from the LED chip, as
required by claim 6. None of the information cited by Complainant shows features roughened to
increase light transmission.

See Tr. (Speck) at 296:23-297:18; see supra part V.B.2.b

Accordingly, I find that the Ceramic Domestic Industry Products have not been persuasively
shown to practice this limitation.
f. Claim 8
I find that that the Ceramic Domestic Industry Products do not practice claim 8 of the ’529
patent, but the Acclaim Domestic Industry Product does.
i.

“The device of claim 1”

Claim 8 depends from claim 1. For the reasons discussed above, I find that the Ceramic
Domestic Industry Products have not been shown to practice claim 1 of the ’529 patent. Such
products are not protected by claim 8 of the ’529 patent for at least that reason. In contrast, I
previously determined the Acclaim Domestic Industry Product has been shown to meet all of the
limitations of claim 1.
ii.

“wherein the LED chip includes a
transparent substrate and the transparent
substrate is adjacent the transparent plate.”

Dr. Schubert testified that the Ceramic Domestic Industry Products as well as the Acclaim
Domestic Industry Product have a transparent sapphire growth substrate that is adjacent to the
transparent plate. Tr. (Schubert) at 671:3-10. The parties do not dispute that opinion. I find that
the Ceramic Domestic Industry Products as well as the Acclaim Domestic Industry Product
practice this limitation.
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D.

Validity
1.

Invalidity Arguments Based on the Prior Art

Respondents contend several prior art references, alone and in combination, render the
asserted claims of the ’529 patent invalid.
a. Anticipation
A prior art reference anticipates when it discloses or contains all the claimed limitations
“arranged or combined in the same way as in the claim.” Wm. Wrigley Jr. Co. v. Cadbury Adams
USA LLC, 683 F.3d 1356, 1361 (Fed. Cir. 2012). However, the reference “need not satisfy an
ipsissimis verbis test.” In re Gleave, 560 F.3d 1331, 1334 (Fed. Cir. 2009).
Respondents contend claims 1, 6, and 8 of the ’529 patent are anticipated by each of four
references: Yamazaki, Minato, Okamoto, and Uemura.
b. Obviousness
A patent may be found invalid as obvious if “the differences between the subject matter
sought to be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains.” 35 U.S.C. § 103(a) (pre-AIA). Because obviousness is determined
at the time of invention, rather than the date of litigation, “[t]he great challenge of the obviousness
judgment is proceeding without any hint of hindsight.” Star Scientific, Inc. v. R.J. Reynolds
Tobacco Co., 655 F.3d 1364, 1375 (Fed. Cir. 2011).
The critical inquiry in determining the differences between the claimed invention and the
prior art is whether there is an apparent reason to combine the known elements in the fashion
claimed by the patent at issue, and a reasonable expectation of success in doing so. See KSR Int’l
Co. v. Teleflex, Inc., 550 U.S. 398, 417-418 (2007). Though rare, “in appropriate circumstances,
a patent can be obvious in light of a single prior art reference if it would have been obvious to
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modify that reference to arrive at the patented invention.” Arendi S.A.R.L. v. Apple Inc., 832 F.3d
1355, 1361 (Fed. Cir. 2016). Obviousness is a determination of law based on underlying
determinations of fact. Star Scientific, 655 F.3d at 1374.
Respondents contend claims 1, 6, and 8 of the ’529 patent are rendered obvious by
combinations of Yamazaki, Minato, Okamoto, 17 or Uemura with other, secondary references
addressed below.
2.

Yamazaki (RX-0828)

The asserted claims of the ’529 patent are invalid based on Japanese Patent Application
Publication No. 2003-249692 (“Yamazaki”) (RX-0828).
Complainant disputes whether Yamazaki discloses the “lead frame” and “phosphor”
recited in claim 1 and the “roughened, textured or patterned transparent plate” recited in claim 6.
CRB at 15-19; CPB. 195-196; Tr. (Lebby) at 1207:14-1208:6, RDX-0003.0012.
a. Overview of Yamazaki
Japanese Patent Application Publication No. 2003-249692 (“Yamazaki”) was published on
September 5, 2003, and thus constitutes § 102(b) prior art to all Asserted Patents.
Yamazaki describes an LED package that “emits light in a plurality of directions through
a simple structure.” Tr. at 1205:7-16; RX-0828 at [0008], [0039]. It was designed for applications
where light emits from both sides of the package, for example “backlighting in a doublesided
display device.” Tr. at 1205:7-16; RX-0828 at [0034], [0038].

17

On September 15, 2021, the Patent Trial and Appeal Board (“PTAB”) issued a final written
decision finding claims 1 and 8 (among others) of the ’529 patent unpatentable in response to a
petition for inter partes review filed by Satco. RPB at 3 (citing IPR2020-00695). The petition and
the PTAB decision relied on the Okamoto, Shimizu, and Miyahara references raised by
Respondents here plus two additional references that were withdrawn from this investigation. Id.
Satco’s inter partes petition did not involve claim 6 of the ’529 patent.
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RX-0828 (Yamazaki Fig. 1, annotated).
Yamazaki’s Figure 1 shows an LED chip (12) die-bonded to a transparent plate (11), which
is “a flat chip substrate made from a transparent material, such as, for example, transparent glass,
sapphire, SIC, or the like.” RX-0828 at [0026]; Tr. at 1205:17-1206:17; RDX-0003.011. The
LED chip is attached to the glass/sapphire plate with “a transparent adhesive agent 11b.” RX-0828
at [0025]; Tr. at 1205:17-1206:17.
The electric connection to the LED chip is provided by “conductive pattern 11a” and “gold
wires 15.” RX-0828 at [0026]; Tr. 1205:17-1206:17; 1209:5-24. The LED chip is encased in a
“first resin molding portion 13” and a “second resin molding 14.” RX-0828 at [0025]; Tr. 1205:171206:17. When blue light from the LED strikes the resin molding “into which a fluorescent
material has been mixed, white light is produced by the fluorescent material.” RX-0828 at [0013][0015], [0028], [0032]; Tr. 1205:17-1206:8. These resin moldings are “thermally curable epoxy”
that “is molded through an arbitrary molding method.” RX-0828 at [0028], [0029]. Yamazaki
discloses finishing the moldings “to be roughened surface, so as to prevent internal reflections.”
Tr. at 1210:4-1211:13; RX-0828 at [0025].
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Complainant disputes only three limitations of Yamazaki, as highlighted below:
1. A light emitting device, comprising:
an LED chip emitting light at a first wavelength, wherein the emitted light is
extracted from both front and back sides of the LED chip; a lead frame to which
the LED chip is attached, wherein the LED chip resides on or above a transparent
plate in the lead frame that allows the emitted light to be extracted out of the
LED chip through the transparent plate in the lead frame; and a phosphor for
converting the light emitted by the LED chip at the first wavelength to a second
wavelength.
6. The device of claim 1, wherein the transparent plate is roughened, textured or
patterned to increase light extraction from the LED chip through the transparent
plate in the lead frame.
8. The device of claim 1, wherein the LED chip includes a transparent substrate and
the transparent substrate is adjacent the transparent plate.
’529 patent at claims 1, 6, 8 (emphasis added); see RDX-0003.012; CPB at 195-197; CRB at 1424; Tr. (Lebby) at 1205:1-1206:17.
b. Claim 1
Respondents and Staff assert that Yamazaki discloses all limitations of claim 1. RIB at 49;
SIB at 74. Complainant contends Yamazaki does not disclose a “lead frame” and a “phosphor.”
CRB at 15-19.
i.

“lead frame”

Claim 1 of the ’529 patent requires “a lead frame to which the LED chip is attached,” with
“a transparent plate in the lead frame.” As shown in the annotated figure above, the lead frame
disclosed in Yamazaki is the transparent substrate 11 (light blue) together with electrical leads 11a
(purple) and wire bonds 15. RX-0828 at [0026]; Tr. at 1208:9-24. The leads 11a are metallic
electrodes wire bonded to the anode and the cathode of the LED chip. Tr. at 1209:5-24. As shown
in Figure 1, leads 11a are at end of the transparent plate 11. Thus, just as recited in claim 1 of the
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’529 patent, the transparent plate of Yamazaki is “in the lead frame,” in other words, it is part of
the overall structure that provides support and electrical connection to the LED chip.
Complainant argues that the electrically conductive portions 11a in Yamazaki are thin
metallizations that cannot be a lead frame because they do not provide structural support. CRB at
15-16; Tr. (Schubert Reb.) at 1331:18-1332:8. Complainant’s argument lacks merit. The relevant
element of claim 1 recites a “lead frame,” not just electrical “leads.” There is no requirement in
claim 1, or in the ’529 patent, that any individual portion of the electrical conductive path in a lead
frame must independently provide structural support to the LED chip. As properly construed, the
lead frame, as a whole, must provide some degree of structural support, and Yamazaki’s lead frame
does that. Yamazaki discloses that an LED chip can be “pressed against the surface of” of
transparent substrate 11, and electrically conductive portions 11a are provided on that surface.
RX-0828 at [0026], [0031]. That teaching is evidence that elements 11 and 11a together provide
structural support to the LED. I find Yamazaki discloses a “lead frame.”
ii.

“phosphor”

Claim 1 of the ’529 patent requires “a phosphor for converting the light emitted by the
LED chip at the first wavelength to a second wavelength.” Yamazaki discloses molding portion
13 made from “a transparent resin into which a fluorescent material has been mixed.” See, e.g.,
RX-0828 at [0015], [0028], [0032]. When blue light emitted from the LED is incident to the
molding, “white light is produced by the fluorescent material.” Id.
In its responsive post-hearing brief, Complainant provides a one-sentence argument that
“the word ‘phosphor’ does not appear in Yamazaki.” CRB at 15. Respondents moved to strike
this sentence because Complainant’s prehearing brief provided no notice that Complainant would
criticize Yamazaki for failing to disclose a phosphor. See Motion Docket No. 1220-047. In
response, Complainant argues that it “could not have included such arguments in its Pre-Hearing
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Brief because it could not have known” that Respondents’ expert witness would focus his trial
testimony on disputed elements without parroting all claim elements in each prior art reference.
Complainant’s Response in Opposition to Respondent’s Motion to Strike (EDIS Doc. ID 754926)
at 2, 5. Complainant also argues that striking its argument about the Yamazaki phosphor is
tantamount to shifting the burden on validity proof to Complainant.
Ground Rule 11.2 provides that each party’s pre-hearing brief “shall set forth a party’s
contentions on every issue the party intends to address at hearing.” Order No. 42, G.R. 11.2. “Any
contentions not set forth in detail in the pre-hearing brief shall be deemed abandoned or withdrawn,
except for contentions of which a party is not aware and could not be aware in the exercise of
reasonable diligence at the time of filing the pre-hearing brief.” Id.
Complainant knew Respondents were relying upon Yamazaki for anticipation, as
evidenced by arguments in Complainant’s pre-hearing brief contesting anticipation by Yamazaki.
CPB at 195. If Complainant thought Yamazaki had no phosphor, it was obligated to say so in its
pre-hearing brief to allow an orderly trial on that point. Complainant does not contest that its prehearing brief lacks any argument about whether Yamazaki discloses a “phosphor.” Because
Complainant did not give proper notice of its novel phosphor argument, the motion to strike is
granted.
This ruling does not shift the burden from Respondents to prove invalidity. Respondents
carried their burden by adducing evidence at trial that claim 1 is anticipated. That evidence is the
Yamazaki reference, an exhibit Respondents sponsored as indicated by its RX designation.
Respondents were not necessarily obligated to do any more. See Eagle Pharms. Inc. v. Slayback
Pharma LLC, 958 F.3d 1171, 1177 (Fed. Cir. 2020) (“Expert testimony is not always required for
a district court to determine how a skilled artisan would understand a patent’s disclosure and
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claimed invention.”). But Respondents also elicited testimony from the perspective of a person of
ordinary skill in the art that the fluorescent material in the Yamazaki resin is a phosphor. See Tr.
at 1206:5-6 (in Yamazaki, it is “resin molding portions 13 and 14 that contain phosphor”). That
testimony is unrebutted, a fact Complainant fails to mention.
Even if I were to consider on the merits Complainant’s passing argument that “the word
‘phosphor’ does not appear in Yamazaki,” I would find it lacks merit. A reference “need not
satisfy an ipsissimis verbis test” to demonstrate anticipation, meaning it need not use exactly the
same words of the claim. In re Gleave, 560 F.3d 1331, 1334 (Fed. Cir. 2009). The “fluorescent
material” in Yamazaki is a phosphor, even if the English translation of Yamazaki does not use that
word. That fact is certain because Yamazaki teaches that the fluorescent material will emit white
light when “excited by the blue light,” just like the phosphor recited in claim 1. RX-0828 at [0028];
see also id. [0036] (white light from the fluorescent material is “excitation light”), [0039] (when
light from the LED strikes the fluorescent material, it will produce “a color that is different from
the color of light emission by the light-emitting chip”).

Thus, even after considering

Complainant’s argument, I would still find Yamazaki discloses the phosphor of claim 1.
iii.

Anticipation

Based on the evidence recounted above, I find the Yamazaki reference discloses every
element of claim 1, arranged as in the claim. Yamazaki is clear and convincing evidence that claim
1 of the ’529 patent is invalid as anticipated.
iv.

Obviousness

In the alternative, if Yamazaki does not teach the “lead frame” limitation, I determine an
invention with the claimed lead frame would have been obvious in view of Yamazaki, U.S. Patent
No. 6,310,364 (“Uemura”) (RX-0779), and the state of the art represented by U.S. Patent No.
5,998,925 (“Shimizu”) (RX-0784).
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As Respondents’ expert Dr. Lebby explained, by the mid-1990s people in the art knew of
two interchangeable alternatives for LED packaging: through-pin packages and surface-mount
J-lead packages, or SMJs. Tr. (Lebby) at 1203:7-1204:3, 1226:6-15. The Shimizu reference
confirms the state of the art at that time, namely that through-pin packaging and SMJ packaging
was interchangeable. Shimizu shows the same LED packaged both ways:

RDX-0003.0028. As shown in Fig. 1 above, the through-pin leads provide structural support to
the device.
If “there are a finite number of identified, predictable solutions, a person of ordinary skill
has good reason to pursue the known options within his or her technical grasp.” KSR Intern. Co.
v. Teleflex Inc., 550 U.S. 398, 421 (2007). So here. At the time of the invention disclosed in the
’529 patent, there were two well-known, interchangeable options for packaging LEDs: using
through-pins or using SMJs. Because both were within the “technical grasp” of an ordinary artisan
at the time of the invention, such a person would have had, in the words of KSR, “good reason to
pursue” either. See Tr. (Lebby) at 1227:1-18; 550 U.S. at 421.
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The Uemura reference (RX-0779) provides specific motivation to pursue through-pin lead
frame packaging with an LED mounted on a transparent plate. Like Yamazaki, Uemura teaches
mounting an LED on a transparent plate, which is labeled 10 and annotated in light blue below:

RX-0779 at Fig. 1 (annotated), 4:24 (“The transparent base 10 is not particularly limited . . .”);
RDX-0003.0029. Uemura places the transparent plate 10 in a lead frame with through-pins 50a
and 50b. RX-0779 at 5:54-55. Uemura teaches that the disclosed arrangement allows for “less
demand for the working precision of lead frames and the easy attachment to the lead frames.”
RX-0779 at 3:38-50; Tr. at 1232:4-13. As Respondents’ expert Dr. Lebby testified, a person of
skill would understand Uemura’s approach, which requires less manufacturing precision, would
“lower the manufacturing cost” of packaging LEDs. See Tr. at 1231:14-1232:13. I therefore find
that Uemura provides motivation to pursue the transparent plate configuration of Yamazaki in a
package with a through-pin lead frame.
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Once motivated, the results of packaging Yamazaki in a lead frame with through-pins
would be predictable, as Dr. Lebby described and illustrated. Id. at 1227:19-1228:11. 18

After considering the teachings of the prior above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
the invention to modify Yamazaki’s package to use through-pin leads that provide structural
support. Such an arrangement would have a “lead frame” as required by claim 1. Claim 1 is
therefore invalid under 35 U.S.C. § 103.
c. Claim 6 - “roughened, textured or patterned”
Claim 6 of the ’529 patent depends from claim 1 and adds the additional limitation that
“the transparent plate is roughened, textured or patterned to increase light extraction.” Above I
found that Yamazaki discloses every element of claim 1. For the reasons discussed below, I

18

Complainant suggests that, because Dr. Lebby did not explicitly say his testimony concerning
Yamazaki teaching a “lead frame” applied to the ’529 patent, Respondents have met with a failure
of proof. But the “lead frame” of the ’529 patent is identical to that of the related ’464 patent; Dr.
Lebby’s testimony applies to one as much as the other, and in any event, the proof of invalidity is
the reference itself, not the expert’s testimony, the primary function of which is to assist me in
understanding the underlying evidence.
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additionally find that the LED package disclosed in Yamazaki describes a transparent plate that is
“roughened, textured or patterned,” as required by claim 6. Tr. (Lebby) at 1210:1-1212:10.
As discussed above, Yamazaki discloses an LED chip attached to a “chip substrate 11”
made of glass, sapphire, or other transparent material. RX-0828 at [0026]; Tr. (Lebby) at 1205:11206:17. Paragraph 37 of Yamazaki also discloses “the surface of the chip substrate 12 is a
roughened surface.” RX-0828 at [0037]. Complainant contends that this paragraph 37 disclosure
does not demonstrate that “chip substrate 11” is roughened, as element number 12 in Yamazaki is
the LED chip itself, not the transparent substrate the chip is mounted on. CRB at 23-24.
Complainant’s argument is not persuasive. Dr. Lebby opined that a person of skill in the
art would understand that the number 12 in paragraph 37 of Yamazaki was a typographical error
and that it should read “chip substrate 11.” Tr. (Lebby) at 1212:7-10. I find there is good reason
to credit Dr. Lebby’s testimony. Yamazaki uses the phrase “chip substrate 11” at least 17 times
and in the section titled “Explanation of Reference Symbols” defines symbol 11 as “Chip
Substrate.” See, e.g., RX-0828 at [0025]-[0026], [0031]-[0034]. In contrast, the phrase “chip
substrate 12” appears in Yamazaki only once, in the disputed paragraph 37. RX-0828 at [0037].
Moreover, Yamazaki never uses the word “surface” in connection with LED “chip 12” but
repeatedly uses it in connection with “chip substrate 11.” See, e.g., RX-0828 at [0025] (“to cover
the light-emitting chip 12 and also the entirety of the surface of the chip substrate 11” (emphasis
added)). And the “Explanation of Reference Symbols” defines symbol 12 as “Light-Emitting
Chip,” not as the chip substrate. These disclosures together provide strong evidence that the
number 12 in paragraph 37 is a typographical error and the paragraph should read “the surface of
the chip substrate 11 is a roughened surface.”
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Such an interpretation of paragraph 37 is entirely consistent with the other teachings of
Yamazaki. For example, Yamazaki teaches that when a component is “finished with roughened
surfaces, internal reflections at the surfaces . . . are reduced, improving the efficiency with which
light is produced to the outside” of the component. RX-0828 at [0017] (in the context of
roughening molded resin surfaces). As Dr. Lebby testified, the same would be true when chip
substrate 11 is roughened. Tr. (Lebby) at 1210:18-1211:13. Yamazaki also teaches that in the
disclosed configuration, light “is not blocked from exiting to the other side of the chip substrate.”
RX-0828 at [0019]. Roughening the surface of chip substrate 11 would reduce internal reflection
at the surface of the transparent plate and allow light to exit the chip substrate, consistent with
Yamazaki’s other disclosures.
Complainant presented no testimony or other evidence rebutting Dr. Lebby’s interpretation
of paragraph 37. I find, based on my review of Yamazaki as a whole and Dr. Lebby’s credible,
unrebutted testimony, that a person of ordinary skill in the art would understand Yamazaki to
disclose a roughened transparent plate arranged as required by claim 6 of the ’529 patent. I
therefore determine that Yamazaki anticipates claim 6 of the ’529 patent.
i.

Obviousness

Alternatively, I find that the invention of claim 6 would have been obvious in view of
Yamazaki alone or in combination with Japanese Application Publication No. 2004-4158557
(“Hakujin”) (RX-0830).
Yamazaki motivates an artisan to roughen the disclosed transparent plate 11. Yamazaki
teaches that light from the LED should not be “blocked from exiting to the other side of” the
transparent plate. RX-0828 at [0019]. Yamazaki also suggests a technique useful in solving that
problem: when a component is “finished with roughened surfaces, internal reflections at the
surfaces . . . are reduced, improving the efficiency with which light is produced to the outside” of
97

PUBLIC VERSION
the component.

RX-0828 at [0017] (in the context of roughening molded resin surfaces).

Respondents’ expert Dr. Lebby testified that this roughening technique was well known in the art
for decades prior to the invention. Tr. (Lebby) at 1212:11-1214:19. Thus, the teachings of
Yamazaki alone would motivate a person of ordinary skill to roughen Yamazaki’s transparent plate
11 and arrive at the claimed invention.
As a second alternative, the teachings of Yamazaki in view of Hakujin would have rendered
the invention of claim 6 obvious. As noted above, Yamazaki would motivate a person of skill in
the art to roughen the transparent plate upon which an LED light is mounted to increase light
extraction. The Hakujin reference contains the same motivation. It discloses roughened plates
413 and 513 to reduce total internal reflection, as shown below:

RX-0830 at [0018], Figs. 5, 7 (due to “the design of this rough surface 413, the emission intensity
. . . is enhanced”). Respondents’ expert Dr. Lebby provided unrebutted testimony that roughening
the transparent plate would have been obvious and “totally predictable.” Tr. (Lebby) at 1216:201217:24.
In sum, after considering the teachings of the prior above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
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the invention to roughen transparent plate 11 in Yamazaki. Such an arrangement would have all
of the elements required by claim 6. Claim 6 is therefore invalid under 35 U.S.C. § 103.
d. Claim 8
Claim 8 depends from claim 1 and adds the additional limitation that the LED chip has “a
transparent substrate,” and the chip is oriented with that substrate “adjacent the transparent plate.”
Figure 1 of Yamazaki shows LED chip 12 adjacent to transparent substrate 11. RX-0828.
Yamazaki states light is emitted though both sides of LED chip 12, which means the side of chip
12 adjacent to chip substrate 11 is transparent. Id. at [0016]. Thus, Yamazaki discloses the
invention of claim 8.
Complainant argues that Respondents failed to adduce evidence at the hearing that
Yamazaki discloses an LED chip having a transparent substrate as required by claim 8. CRB at
14. Additionally, Complainant argues “LEDs can be grown on opaque substrates like silicon.” Id.
Respondents moved to strike this argument from Complainant’s post-hearing reply brief because
Complainant’s prehearing brief provided no contention that the LED chip of Yamazaki did not
have a transparent substrate. See Motion Docket No. 1220-047. In response, Complainant argues
that it “could not have included such arguments in its Pre-Hearing Brief because it could not have
known” that Respondents’ expert witness would focus his trial testimony on disputed elements
without parroting all claim elements in each prior art reference. Complainant’s Response in
Opposition to Respondent’s Motion to Strike (EDIS Doc. ID 754926) at 2, 5. Complainant also
argues that striking its argument about the arrangement of claim 8 in Yamazaki is tantamount to
shifting the burden on validity proof to Complainant.
Ground Rule 11.2 provides that each party’s pre-hearing brief “shall set forth a party’s
contentions on every issue the party intends to address at hearing.” Order No. 42, G.R. 11.2. “Any
contentions not set forth in detail in the pre-hearing brief shall be deemed abandoned or withdrawn,
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except for contentions of which a party is not aware and could not be aware in the exercise of
reasonable diligence at the time of filing the pre-hearing brief.” Id.
Complainant knew Respondents were relying upon Yamazaki for anticipation of claim 8,
as evidenced by arguments in Complainant’s pre-hearing brief contesting anticipation by
Yamazaki. CPB at 195. If Complainant thought the LED chip of Yamazaki had no transparent
substrate as required by claim 8, it was obligated to say so in its pre-hearing brief to allow an
orderly trial on that point. Because Complainant did not give proper notice of its novel argument
relating to claim 8, the motion to strike is granted.
This ruling does not shift the burden from Respondents to prove invalidity. Respondents
carried their burden by adducing evidence at trial that claim 8 is anticipated. That evidence is the
Yamazaki reference, an exhibit Respondents sponsored as indicated by its RX designation.
Respondents were not obligated to do any more. See Eagle Pharms. Inc. v. Slayback Pharma LLC,
958 F.3d 1171, 1177 (Fed. Cir. 2020) (“Expert testimony is not always required for a district court
to determine how a skilled artisan would understand a patent’s disclosure and claimed invention.”).
When Dr. Lebby testified that the only features of Yamazaki in dispute were the “lead frame” and
a “roughened” transparent plate, Complainant did not object or offer counter evidence. Tr. (Lebby)
at 1207:14-1208:6. The record evidence indicates that the LED chip 12 of Yamazaki has a
transparent substrate adjacent to a transparent plate. I therefore find that Yamazaki anticipates
claim 8 of the ’529 patent.
Even if I were to consider on the merits Complainant’s argument that LEDs can be grown
on opaque substrates, I would find it irrelevant. The LED chip disclosed by Yamazaki plainly
does not have an opaque substrate, as demonstrated by the express teaching that light is emitted
though both sides of LED chip 12, including the side of chip 12 adjacent to transparent plate 11.
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RX-0282 at [0016]. Thus, even after considering Complainant’s argument, I would still find
Yamazaki anticipates claim 8.
Alternatively, if Yamazaki does not disclose that LED chip 12 has a transparent substrate
adjacent to transparent plate 11, I would find that such an arrangement would have been obvious
at the time of the invention for the same reasons articulated below with respect to Okamoto.
3.

Minato (RX-0723)

Asserted claims 1 and 8 of the ’529 patent are invalid as anticipated by Japanese Patent
Application Publication No. 2001-126515 (“Minato”).

Tr. (Lebby) at 1241:11-1246:5.

Additionally, I find that claim 6 is rendered obvious by Minato, either alone or in combination
with certain other prior art references.
As with Yamazaki, Complainant disputes whether Minato discloses the “lead frame” and
a “phosphor” as recited in claim 1, as well as the “roughened, textured or patterned transparent
plate” limitation recited in claim 6. 19 CRB at 31-34.
I find that Minato anticipates or renders claims 1 and 8 of the ’529 patent obvious. Minato
also renders claim 6 obvious alone or in combination with Yamazaki or Hakujin.
a. Overview of Minato
Japanese Patent No. JP 2001-126515 (“Minato”) published on May 11, 2001. It is
undisputedly § 102(b) prior art to all Asserted Patents.

19

Respondents’ motion to strike Complainant’s argument concerning lack of disclosure of
“phosphor” and LED chip with “a transparent substrate” is granted for the same reasons described
above in connection with Complainant’s arguments relating to the Yamazaki reference. See
Motion Docket No. 1220-047. At the time of the filing of its prehearing brief, Complainant was
aware of Respondents’ contention that Minato anticipates claims 1 and 8 of the ’529 patent but did
not dispute that Minato teaches a “phosphor” or a “growth substrate.” CPB at 253-256. Under
Ground Rule 11.2, arguments not raised in the pre-hearing brief are waived. The motion is
likewise granted with respect to the purported issue of conflicting translations of Minato, for the
same reason.
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Minato describes an LED package “for radiating light in all directions, that is, 360º of
directions.” RX-0723 at [0005], [0015]; Tr. 1241:17-1242:2. Minato explains that this improves
on conventional LED packages “where light is radiated in only one direction.” RX-0723 at [0003][0004].
Minato’s Figure 2 shows three LED chips (25, 26, 27) that are “mounted on a transparent
substrate.” RX-0723, [0015]; Tr. 1242:6-19.

The transparent substrate may be “sapphire.”

RX-0723 at [0016]; Tr. 1242:6-19.

RDX-0003.046.
The electric connection is provided by having the LED chips “mounted on first to third
conductor parts 22, 23, and 24,” and by wires 28, 29, and 31 “such that the three LED chips are
connected in series.” RX-0723 at [0011]; Tr. 1244:7-19. Minato explains that “a transparent
conductor can be used as the conductor part, or it can be formed from a normal conductor having
a narrow width, insofar as it does not interfere with light radiation.” RX-0723 at [0011].
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The conductor parts are electrically connected in turn to “leads 32 and 33,” which provide
the electrical connection from the package to the outside. RX-0723 at [0011]; Tr. 1244:7-19. The
LED chips are encased in “an oblong transparent or translucent resin body 34 having a lens effect.”
RX-0723 at [0011]; Tr. at 1242:6-19. This “transparent or translucent resin body 34” can be “a
material containing a fluorescent material.” RX-0723 at [0016]; Tr. 1242:6-19.
b. Claim 1
i.

“lead frame”

Respondents and Staff assert that Minato discloses all limitations of claim 1. RIB at 49;
SIB at 80. Complainant contends that Minato fails to disclose a “lead frame.” RIB at 22; CRB at
31-34.
Claim 1 of the ’529 patent requires “a lead frame to which the LED chip is attached,” with
“a transparent plate in the lead frame.” Minato discloses a lead frame composed of transparent
sapphire substrate 21, along with electrical leads 32 and 33, which are connected to the LED chip
through wire bonds 28, 29, and 31. RX-0723 at [0011], Fig. 2; Tr. at 1244:8-19. As with
Yamazaki, this combination of elements provides support and electrical connection to the LEDs
and constitutes the claimed “lead frame.”
Complainant’s expert witness Dr. Schubert testified that pull out leads 32 and 33 are very
thin and do not provide structural support. Tr. (Schubert Reb.) at 1332:11-20. But as discussed
above with respect to Yamazaki, there is no requirement in claim 1, or in the ’529 patent, that any
individual portion of the electrical conductive path must independently provide structural support
to the LED chip. Minato’s plate and leads together provide a support structure and an electrical
interface to the LED chip, which is all that is required. I find that Minato discloses a lead frame.
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ii.

“phosphor”

Claim 1 of the ’529 patent requires “a phosphor for converting the light emitted by the
LED chip at the first wavelength to a second wavelength.” Minato discloses encasing the LED
chip in a “transparent . . . resin body” having “fluorescent material.” RX-0723 at [0016]. As
shown in Figure 2, light radiates from the LED chip through the resin containing fluorescent
material, which necessarily would convert some of the light to another wavelength. Id. at Fig. 2.
In its responsive post-hearing brief, Complainant provides a one-sentence argument that
“Minato does not use the word ‘phosphor’.” CRB at 31. As has been noted at n.19 supra,
Complainant’s argument is untimely and I decline to consider it. Even if I were to consider
Complainant’s argument on the merits, however, I would find it lacks merit. A reference “need
not satisfy an ipsissimis verbis test” to demonstrate anticipation, meaning it need not use exactly
the same words of the claim. In re Gleave, 560 F.3d 1331, 1334 (Fed. Cir. 2009). The “fluorescent
material” in Minato is a phosphor, even if the English translation of Yamazaki does not use that
word. As a principle of physics, when light of a first wavelength encounters the fluorescent
material it will be converted to a second wavelength, as explained above in connection with
Yamazaki. Thus, even after considering Complainant’s argument, I would still find Minato
discloses the phosphor of claim 1.
iii.

Anticipation

Based on the evidence recounted above, I find the Minato reference discloses every
element of claim 1, arranged as in the claim. Minato is clear and convincing evidence that claim
1 of the ’529 patent is invalid as anticipated.
iv.

Obviousness

In the alternative, if Minato does not teach the “lead frame” limitation, I determine an
invention with a lead frame would have been obvious in view of Minato alone or in combination
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with Uemura, and the state of the art represented by Shimizu, for the same reasons described above
in connection with Yamazaki. Dr. Lebby testified to the same effect. Tr. (Lebby) at 1248:211252:1.
Complainant argues Respondents failed to meet their burden to show invalidity based on
Minato because Dr. Lebby testified about Minato’s lead frame in the context of certain claims of
the ’854 patent and ’557 patent, which require a “cathode and anode provide structural support to
the transparent surface” instead of a “lead frame.” See, e.g. CRB at 33. Complainant’s argument
lacks merit. Respondents carried their burden by adducing evidence at trial that would support a
conclusion that claim 1 of the ’529 patent would have been obvious in view of the prior art at the
time of the invention. That evidence includes the Minato, Uemura, and Shimizu references, all of
which are exhibits sponsored by Respondents. Respondents were not necessarily obligated to do
any more. See Eagle Pharms. Inc. v. Slayback Pharma LLC, 958 F.3d 1171, 1177 (Fed. Cir. 2020)
(“Expert testimony is not always required for a district court to determine how a skilled artisan
would understand a patent’s disclosure and claimed invention.”). But Respondents also elicited
testimony from the perspective of a person of ordinary skill in the art about the scope and content
of these references, how an artisan would be motivated to combine them, and what the expected
result would be. See Tr. at 1247:10-1252:1. That testimony is unrebutted, a fact Complainant fails
to mention.
I have compared the prior art, including Minato, Uemeda, and Shimizu, to the invention
described in claim 1 of the ’529 patent. I have also considered Dr. Lebby’s opinions about what a
person of skill would have gathered from those references, as well as the record evidence relating
to secondary considerations.

I determine that the same motivations I articulated above in

connection with Yamazaki would motivate an artisan to pursue through-pin lead frame packaging
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with an LED mounted on a transparent plate. See supra part V.D.2.b.iv. If “there are a finite
number of identified, predictable solutions, a person of ordinary skill has good reason to pursue
the known options within his or her technical grasp.” KSR Intern. Co. v. Teleflex Inc., 550 U.S.
398, 421 (2007). So here. At the time of the invention disclosed in the ’529 patent, there were
two well-known, interchangeable options for packaging LEDs: using through-pins or using SMJs.
Because both were within the “technical grasp” of an ordinary artisan at the time of the invention,
such a person would have had, in the words of KSR, “good reason to pursue” either. See 550 U.S.
at 421; Tr. at 1248:21-1249:18.
After considering the teachings of the prior art above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
the invention to modify Minato’s package to use through-pin leads that provide structural support.
Such an arrangement would have a “lead frame” as required by claim 1. Claim 1 is therefore
invalid under 35 U.S.C. § 103.
c. Claim 6 - “roughened, textured or patterned”
Claim 6 of the ’529 patent depends from claim 1 and adds the additional limitation that
“the transparent plate is roughened, textured or patterned to increase light extraction.” Above I
found that Minato discloses every element of claim 1. For the reasons discussed below, I
additionally find that it would have been obvious at the time of the invention to make the
transparent plate in Minato “roughened, textured or patterned,” as required by claim 6.
The parties agree Minato does not expressly disclose a “roughened, textured or patterned”
transparent plate. Respondents argue that, in view of Minato alone, or in combination with Hakujin
or Yamazaki, it would have been obvious to modify Minato’s LED package to use a roughened
transparent plate. RIB at 27; Tr. (Lebby) at 1244:17-1246:5.
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In the relevant art, roughening a transparent plate is common knowledge dating back 50
years. Tr. (Lebby) at 1244:23-1245:17. Additionally, both the Yamazaki and Hakujin references
disclose roughened transparent plates holding LEDs. Id.
Minato provides a motivation for using a roughened transparent plate to support its
disclosed LED chips. Minato discloses that prior art LED chips had the disadvantage of only
radiating light in one direction; specifically, they did not radiate light out of the bottom of the chip.
RX-0723 at [0004]. Minato teaches that it is desirable to use an LED chip that can radiate light
“from the upper face” and “from the rear face,” but that the light from both sides should “be
effectively used.” Id. at [0010]. As Dr. Lebby explained, the ordinary artisan at the time of the
invention would know that roughening the transparent plate would increase light extraction, which
would advance Minato’s goal of using the light “effectively.” Tr. at 1246:1-5.
Yamazaki also motivates an artisan to roughen the disclosed transparent plate 11.
Yamazaki teaches that light from the LED should not be “blocked from exiting to the other side
of” the transparent plate. RX-0828 at [0019]. Yamazaki also suggests a technique useful in
solving that problem: when a component is “finished with roughened surfaces, internal reflections
at the surfaces . . . are reduced, improving the efficiency with which light is produced to the
outside” of the component. RX-0828 at [0017] (in the context of roughening molded resin
surfaces).
The figures below show how one would roughen the transparent plate in Minato by
performing a simple substitution of Minato’s sapphire plate for a roughened plate from Hakujin or
Yamazaki. Id. at 1245:13-1246:5.
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Roughening the sapphire plate in Minato would not have required modification to any of its other
components and the result of increasing light extraction would have been predictable. Tr. (Lebby)
at 1245:18-1246:5.
After considering the teachings of the prior art above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
the invention to roughen the transparent plate of Minato. Such an arrangement would result in a
configuration having every element of claim 6. Claim 6 is therefore invalid under 35 U.S.C. § 103.
d. Claim 8 – “transparent substrate”
Claim 8 depends from claim 1 and adds the additional limitation that the LED chip has “a
transparent substrate,” and the chip is oriented with that substrate “adjacent the transparent plate.”
Figure 2 of Minato shows LED chips 25, 26, and 27 adjacent to transparent substrate 21. RX-0723
at [0011], Fig. 2. Minato teaches the LED chips can radiate light “from the upper face” and “from
the rear face,” which means the side of chips 25, 26, and 27 adjacent to substrate 21 is transparent.
Id. at [0010], [0017]. Thus, Minato discloses the invention of claim 8.
In a single sentence in its post-hearing responsive brief, Complainant argues that “Dr.
Lebby never once addressed the transparent substrate in claim 8.” CRB at 31. The criticism carries
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no weight. Respondents adduced evidence of anticipation by sponsoring the Minato exhibit.
RX-0723. It was not necessary for Dr. Lebby to parrot every teaching in Minato for Respondents
to meet their burden to prove invalidity. See Eagle Pharms. Inc. v. Slayback Pharma LLC, 958
F.3d 1171, 1177 (Fed. Cir. 2020) (“Expert testimony is not always required for a district court to
determine how a skilled artisan would understand a patent’s disclosure and claimed invention.”).
I determine that Minato discloses each element of claim 8 of the ’529 patent. Accordingly,
Minato is clear and convincing evidence that claim 8 is invalid as anticipated.
Alternatively, if Minato does not disclose that LED chips 25, 26, and 27 have a transparent
substrate adjacent to transparent plate 21, I would find that such an arrangement would have been
obvious at the time of the invention for the same reasons articulated below with respect to
Okamoto.
4.

Okamoto (RX-0720)

Asserted claims 1, 6 and 8 of the ’529 patent are invalid as obvious over Japanese Patent
No. JP 2000-277808 (“Okamoto”) in combination with the other references discussed below. Tr.
(Lebby) at 1252:7-1260:12.
a. Overview of Okamoto
Okamoto is a Japanese Patent Application published October 6, 2000, titled “Light Source
Device and Manufacturing Method of the Same.” RX-0720 at [43], [54]. Okamoto describes
providing a light source device with “LED elements 3 and 4 having light distribution
characteristics for emitting in all directions” on a “light-transmissive substrate 2.” Id. at [57].
Okamoto teaches that “the LED elements… are an example of light-emitting element chips having
a semiconductor light-emitting layer such as an active layer formed on a light-transmissive
substrate such a[s], for example, a sapphire substrate.” RX-0720 at [0031].
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Figure 1 of Okamoto is reproduced below:

Figure 1 of Okamoto shows “a frontal view illustrating a configuration of a light source device.”
Id. at [26]. The device may include a GaN blue LED labeled 3, a GaN green LED labeled 4, and
a GaAs red LED labeled 5a, all three of which are “disposed in a row on a front face of a lighttransmissive glass substrate 2.” Id. at [27]. The device may also include a GaAs red LED element
5b (not shown). Id. And the device can be implemented with a single colored LED, “for example,
for only blue,” in which case “the configuration of the light source device is simplified.” Id.
at [42].
Wiring path 6 is on glass substrate 2 and is fixed to back-side LED electrodes with a
conductive epoxy resin adhesive and electrically connected to upper-side LED electrodes with
gold wire 7. Id. at [28]–[29]. Lead frame 8 is attached to wiring pattern 6 with solder material 9.
Id. at [29].
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Figure 6 of Okamoto is reproduced below:

Figure 6 of Okamoto shows “a manufacturing method of the light source device 1.” Id. at [32].
“LED elements 3, 4, 5a, and 5b are integrally molded with the light-transmissive substrate 10 . . .
on top of the light-transmissive resin 11 together with the glass substrate 2 having the lead frame
8 attached thereto.” Id. at [34].
Figures 8 and 9 of Okamoto are reproduced below:

Figures 8 and 9 of Okamoto show “perspective views of signal lights having the light
source 1 of FIG. 1 incorporated therein.” Id. at [41].
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b. Overview of Shimizu
As described above in connection with Yamazaki, the Shimizu reference (RX-0784)
illustrates the known interchangability of through-pin packaging and SMJ packaging at the time
of the invention.
Shimizu also explains that the prior art approach of combing light from three different
colored LEDs, such as red, green, and blue, had several problems. RX-0784 at 1:21-41. It was
difficult to product “white light of the desired tone” due to variations in the tone, luminance and
other characteristics of the separate LEDs. Id. Also, different colored LEDs require different drive
power, “which leads to [a] complex drive circuit.” Id. at 1:41-46. Moreover, the different
semiconductor materials in different colored LEDs react differently to temperature and
environment, which can result in uneven color mixing over time. Id. at 1:46-52.
To overcome these problems, Shimizu teaches that it is desirable to convert light from “a
single light emitting diode” to white light “by means of a fluorescent material.” RX-0784 at
1:52-65, 21:64-22:1. Shimizu specifically teaches “using a light emitting component capable of
emitting blue light and molding the light emitting component with a resin including a fluorescent
material that absorbs the light emitted by the blue light emitting diode and emits yellowish light.”
Id. at 2:8-14.
c. Claim 1
Respondents and Staff assert that Okamoto discloses all limitations of claim 1 except the
claimed “phosphor,” and rely on Shimizu for teaching the “phosphor.” RIB at 49; SIB at 85.
Complainant disputes that Okamoto discloses the claimed “lead frame” and whether it would be
obvious to use Shimizu’s “phosphor” with the structure in Okamoto. CRB at 35-39.
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Claim 1 of the ’529 patent requires “a lead frame to which the LED chip is attached,” with
“a transparent plate in the lead frame.” As shown in Okamoto’s Fig. 1 (reproduced above),
Okamoto describes LEDs “having light distribution characteristics for emitting in all directions”
on a “light-transmissive substrate 2.” Id. at [57]. The LED’s “are integrally molded with the lighttransmissive substrate” on “top of the light-transmissive resin . . . together with the glass substrate
2 having the lead frame 8 attached thereto.” Id. at [34]. Okamoto thus discloses a “lead frame”
and all of the other limitations of claim 1 except a “phosphor.” See ’529 patent at claim 1;
RDX-00003.060; Tr. (Lebby) at 1252:8-1253:5; RX-0720 at [0034].
Claim 1 also requires “a phosphor for converting the light emitted by the LED chip at the
first wavelength to a second wavelength.” Shimizu discloses a phosphor for converting light from
a single blue LED to a yellowish wavelength. RX-0784 at 2:8-14.
I address the particularly disputed terms below.
i.

“lead frame”

Complainant disputes that Okamoto discloses the claimed “lead frame.” CRB at 35. As
noted above, however, Okamato expressly discloses a “lead frame” in the specification, teaching,
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“A lead frame 8 is attached to the wiring pattern 6 drawn around an end of the glass substrate 2
with a solder material 9.” RX-0720 at [28]-[29]; RDX-0003.0063; Tr. (Lebby) at 1254:11-1255:9.
Additionally, as shown in Okamoto Figure 8, the through-pins of the lead frame penetrate the
printed circuit board card and are self-supporting in the same way a stick supports the round candy
of a lollipop. Tr. (Lebby) at 1255:1-9. Thus, glass substrate 2 and leads 8 provide support. Id. at
1255:12-19. Wire bonds 7 provide an interface to the semiconductor die and are connected to
metallic or conductive tracks on glass substrate 2 that connect to the pins. Id. at 1255:20-25.
In Okamoto, the through pins or leads 8 are attached to the wiring pattern at the end of the
glass plate. Tr. (Schubert) at 1331:3-10. Complainant’s expert Dr. Schubert testified that the
metallizations are minute or fine and when such metallizations are soldered to a glass plate, they
do not provide structural support and rigidity. Tr. (Schubert Reb.) at 1332:23-1333:11. This
testimony is inconsistent with the figures of Okamoto, which illustrate the leads providing support
to the LED:

Even if Complainant was correct that the lead frame wires of Okamoto did not provide
support in isolation, such an argument is irrelevant. Okamoto’s plate and leads together provide a
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support structure that provides an interface to the LED chip. As discussed above concerning
Yamazaki, there is no requirement in claim 1, or in the ’529 patent, that any individual portion of
the electrical conductive path in a lead frame must independently provide structural support to the
LED chip. As properly construed, the lead frame, as a whole, must provide some degree of
structural support, and Okomoto’s lead frame does that. Thus, I find that Okamoto discloses the
“lead frame” limitation.
ii.

“phosphor”

Complainant contends that it would not be obvious to modify Okamoto to use the phosphor
of Shimizu. CRB at 37. The record shows otherwise.
Okamoto discloses methods of creating white light by blending the light from red, green,
and blue LEDs. RX-0784 at [27]-[30]. Shimizu expressly disparages such blending techniques in
favor of using a phosphor to convert light from a single blue LED. RX-0784 at 1:31-56, 2:8-14.
Okamoto similarly teaches that using a single blue LED instead of mixing light from multiple
LEDs would “simplif[y]” the device configuration. RX-0720 at [42]. These teachings would
motivate a person of skill to start with a single blue LED with through-pin packaging, as disclosed
in both Okamoto and Shimizu. RX-0720 at [42], RX-0784 at 2:8-14. Shimizu would then guide
the artisan to use a phosphor to color-shift the blue light, RX-0784 at 2:8-14, and Okamoto would
guide the artisan to use a lead frame with a transparent plate “for emitting in all directions,”
RX-0720 at [57].
Other record evidence confirms this obvious combination. Respondent’s expert Dr. Lebby
testified that a person of ordinary skill in the mid-2000s would have been familiar with phosphor
conversion LEDs and could have purchased them in the marketplace. Tr. (Lebby) at 1256:11258:1. This supports a conclusion that a person of ordinary skill would look to the well-known
phosphor conversion technique for creating white light to address the problems described in
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Shimizu. See In re ICON Health & Fitness, Inc., 496 F.3d 1374, 1380 (Fed. Cir. 2007) (“One
skilled in the art would naturally look to prior art addressing the same problem as the invention at
hand.”).
Further, if a person of skill wanted to use phosphor in the Okamoto package, it would not
require modification of any of Okamoto’s other components and would yield a predictable
outcome:

RDX-0003.067; Tr. (Lebby) at 1258:22-1259:18.
After considering the teachings of the prior art above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
the invention to incorporate a phosphor into the molding of Okamoto. Such an arrangement would
result in a configuration having every element of claim 1. Claim 1 is therefore invalid under
35 U.S.C. § 103.
d. Claim 6 - “roughened, textured or patterned”
Claim 6 of the ’529 patent depends from claim 1 and adds the additional limitation that
“the transparent plate is roughened, textured or patterned to increase light extraction.” Above I
found that Okamoto in combination with Shimizu renders obvious every element of claim 1. For
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the reasons discussed below, I additionally find that a person of skill would find it obvious to make
Okamoto’s transparent plate “roughened, textured or patterned to increase light extraction” as
required by claim 6. Tr. (Lebby) at 1210:1-1212:10.
Dr. Lebby testified that this limitation would be obvious for the same reasons such
modifications to Yamazaki and Minato would have been obvious: Yamazaki and Hakujin teach
that a transparent plate in an LED package can be roughened to “enhance” light extraction from
the package. Id. at 1259:22-1260:12. Complainant did not present evidence to rebut this argument
at the hearing.
The simple substitution of one known element for another or the predictable use of prior
art elements according to their established functions is sufficient to show obviousness. Robotic
Vacuums, Comm’n Op. at 31 (finding that it would have been obvious to replace a removable bin
with a removeable bag). The substitution of the transparent plate of Okamoto for the roughened
plates in Yamazaki or Hakujin for the known and predictable purpose of increased light extraction
would have been obvious.
After considering the teachings of the prior art above, together with the record evidence
relating to secondary considerations, I determine that it would have been obvious at the time of
the invention to combine the teachings of Okamoto with Yamazaki or Hakujin to arrive at the
claimed invention. For this reason and the reasons discussed above concerning claim 1, I find that
Okamoto in combination with Yamazaki or Hakujin renders claim 6 invalid as obvious.
e. Claim 8 – “transparent substrate”
Claim 8 depends from claim 1 and adds the additional limitation that the LED chip has “a
transparent substrate,” and the chip is oriented with that substrate “adjacent the transparent plate.”
Complainant does not dispute that this limitation is met by Okamoto, but disputes that the
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independent claim is met. See Tr. (Lebby) at 1207:14-1208:6. Above I found that Okamoto
renders obvious every element of claim 1, either alone or in combination with Shimizu.
I additionally find that Okamoto discloses “a semiconductor light-emitting layer on a lighttransmissive substrate.” RX-0720 at [Claim 1], [0031] (“the LED elements… are an example of
light-emitting element chips having a semiconductor light-emitting layer such as an active layer
formed on a light-transmissive substrate such a[s], for example, a sapphire substrate.”). I find this
disclosure satisfies the additional limitation of claim 8.
After considering the teachings of the prior art in this section and in the section relating to
claim 1 above, together with the record evidence relating to secondary considerations, I determine
that the teachings of Okamoto and Shimizu show that the invention described claim 8 of the ’529
patent would have been obvious and is therefore invalid under 35 U.S.C. § 103.
5.

Uemura (RX-0779)

The asserted claims of the ’529 patent are invalid based on U.S. Patent No. 6,310,364
(“Uemura”) (RX-0779).
Complainant only disputes whether Uemura discloses light “extracted from a back side of
the lead frame” recited in claim 1 and the “roughened, textured or patterned transparent plate”
recited in claim 6, as shown in emphasis below. CRB at 27-31; Tr. (Lebby) at 1233:20-1234:9.
1. A light emitting device, comprising:
an LED chip emitting light at a first wavelength, wherein the emitted light is
extracted from both front and back sides of the LED chip; a lead frame to which
the LED chip is attached, wherein the LED chip resides on or above a transparent
plate in the lead frame that allows the emitted light to be extracted out of the
LED chip through the transparent plate in the lead frame; and a phosphor for
converting the light emitted by the LED chip at the first wavelength to a second
wavelength.
6. The device of claim 1, wherein the transparent plate is roughened, textured or
patterned to increase light extraction from the LED chip through the transparent
plate in the lead frame.
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8. The device of claim 1, wherein the LED chip includes a transparent substrate and
the transparent substrate is adjacent the transparent plate.
’529 patent at claims 1, 6, 8 (emphasis added).
a. Overview of Uemura
Uemura was published on October 30, 2001, and it is undisputed that it is § 102(b) prior
art to all Asserted Patents. RX-0779.
Unlike the Yamazaki, Minato, and Okamoto, which intentionally emit light in all
directions, Uemura describes an LED package having a “dominant light-emitting direction.”
RX-0779 at 5:7. Uemura teaches a through-pin LED package that mounts the LED chip on a
transparent plate with dual goals of easier manufacturing and of reducing thermal damage to the
resin molding. RX-0779 at 1:55-65, 2:56-65, 3:5-27, 6:7-12; Tr. at 1231:14-1232:13. The
transparent plate in Uemura conducts heat away from part of the molding that is located in the
dominant light-emitting direction, which preserves a stable color emission from the molding. Id.

RX-0779, Fig. 1 (annotated); RDX-0003.034.
Uemura uses a III-nitride (GaN) LED with a sapphire growth substrate (dark blue) attached
to a transparent plate made of sapphire or glass (light blue). RX-0779 at 4:61-65. The ends of the
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transparent plate are supported by through-pin lead frames (purple), with the cathode attached to
one end of the plate and the anode attached to the other. Id. at 2:32-38, 5:51-6:12, FIG. 1. The
dominant light-emitting direction is up from the LED chip, through the sapphire plate. See, e.g.,
id. at 5:2-9. The LED chip is surrounded by a sealing resin (yellow) with phosphor in the resin as
a layer on the transparent base 10. See RX-0779 at 3:57-64; Tr. at 1232:14-25.
b. Claim 1 - “portion of the light emitted by the LED
chip is extracted from a back side of the lead frame”
Respondents and Staff assert that Uemura discloses all limitations of claim 1. RIB at 5152; SIB at 90. Complainant disputes that Uemura discloses that a “portion of the light emitted by
the LED chip is extracted from a back side of the lead frame.” CRB at 27-31.
Claim 1 of the ’529 patent requires “a lead frame to which the LED chip is attached,” with
“a transparent plate in the lead frame.” ’529 patent, claim 1. Uemura discloses a through-pin LED
package that supports the transparent base, which allows most light to be emitted upwards.
(Lebby) at 1231:16-1232:25. However, some light will come out of the top of the LED chip, as
shown by the red arrows in the annotated figures below, because the preferably reflective
electrodes do not fully cover the chip. Tr. (Lebby) at 1234:10-1237:20. Indeed, despite the
statement in Uemura that electrodes “cover the entire surface” of the semiconducting layer,
RX-0779 at 3:8-15, the electrodes 26 and 27 cannot cover the whole area of the LED because they
would short circuit if made to contact one another.
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RDX-0003.0037. As a result, at least some of the LED light would escape past the reflective
electrodes (both from the sides of the chip and from the uncovered parts of the bottom), and some
would be reflected downwards by the resin molding because of total internal reflection. Tr.
(Lebby)

at

1234:15-1235:15,

1240:20-1241:9;

1234:10-1235:15;

1293:22-1294:18;

1285:16-1287:1.
This understanding is confirmed by Uemura itself: “most of the light generated in the LE
layer of the Light-emitting device 20 … is, either directly o[r] after being reflected on the
electrodes, transmitted through the transparent base 10 and emitted outside.” RX-0779, 5:21-25
(emphasis added). While some of the emitted light is necessarily absorbed by the transparent plate,
some of it must be emitted down, away from the plate. See also id. at 3:12-15 (resin below the
transparent plate and adjacent to the LED chip is only “substantially out of the light transmission
path,” which means the light passes through some resin below the plate).
The fact that Uemura has a dominant light direction does not mean that light is not
transmitted out of the bottom of the device, as explained above. I find that Uemura discloses each
limitation of, and therefore anticipates, claim 1.
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c. Claim 6 - “roughened, textured or patterned”
Claim 6 of the ’529 patent depends from claim 1 and adds the additional limitation that
“the transparent plate is roughened, textured or patterned to increase light extraction.” Above I
found that Uemura anticipates claim 1. For the reasons discussed below, I additionally find that
the LED package disclosed in Uemura describes a transparent plate that a person of skill would
find it obvious to modify to be “roughened, textured or patterned,” as required by claim 6. Tr.
(Lebby) at 1210:1-1212:10.
Uemura, alone or in combination with Hakujin or Yamazaki, renders the “roughened”
limitation obvious for the same reasons discussed with respect to Minato and Yamazaki. Supra
parts V.D.2 and V.D.3; see Tr. (Lebby) at 1237:24-1239:8.

Roughening to enhance light

extraction was common knowledge in the pertinent field, and could be accomplished with simple
modifications amounting to little more than a design choice.
Thus, I find that Uemura alone or in combination with Yamazaki or Hakujin discloses the
“roughened” limitation. For this reason and the reasons discussed above concerning claim 1, I
find that Uemura in combination with Yamazaki or Hakujin renders claim 6 obvious.
d. Claim 8
Claim 8 depends from claim 1 and adds the additional limitation that the LED chip has “a
transparent substrate,” and the chip is oriented with that substrate “adjacent the transparent plate.”
Complainant does not dispute that this limitation is met by Uemura.
Uemura discloses a “transparent substrate of the semiconductor Light-emitting device.”
RX-0779 at 2:38-39, 4:64-65 (“The substrate 21 can be made of any transparent material, such as
sapphire.”); see also id. at 1:14-15 (“a general light-emitting diode uses an insulating sapphire
substrate”). Uemura thus discloses the additional limitation of claim 8 that the LED chip has a
“transparent substrate.”
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For these reasons and those discussed above with respect to claim 1, I find that Uemura
anticipates claim 8 of the ’529 patent.
VI.

THE ’464 PATENT
A.

Claim Construction

I construed the disputed terms “transparent,” “lead frame,” and “roughened, textured, or
patterned” as part of the claim construction order issued as Order No. 39. See CC Order at 8–16.
I hereby incorporate the discussion of those terms on pages 8-16 of Order No. 39 as part of this
initial determination.
B.

Infringement

I find that Complainant has failed to demonstrate infringement of each of the asserted
claims of the ’464 patent by any Accused Products. My reasoning follows.
1.

Claim 1

For the reasons discussed below, I find that the Accused Products have not been shown to
infringe claim 1 of the ’464 patent.
a. “A light emitting device, comprising:”
The parties agreed that the preamble of claim 1 is not limiting. JX-0015 at 2. In light of
the parties’ agreement and the presumption that preambles are not limiting, I find that the preamble
is not limiting.
b. “a lead frame including a transparent plate”
I find that the Accused Products satisfy the “lead frame” limitation for the same reasons
discussed supra part V.B.1.iii.(a), but do not satisfy the “transparent plate” limitation for the same
reasons discussed supra part V.B.1.iii.(b). See Tr. (Schubert) at 675:13-676:8, 681:3-23; CDX0002C.0094-95.
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c. “an LED chip, attached to the lead frame, for emitting
light; wherein the LED chip resides on or above the
transparent plate and at least some of the light
emitted by the LED chip is transmitted through the
transparent plate”
Respondents do not dispute that this limitation, other than with respect to “transparent
plate,” is satisfied by the Accused Products. RRB at 81.
I find that the Accused Products satisfy this limitation other than with respect to
“transparent plate” for the same reasons discussed with respect to claim 1 of the ’529 patent. Tr.
(Schubert) at 676:2-20, 681:17-23, 682:1-17, CDX-0002C.0094, 96-98; supra part V.B.1.
d. “and wherein at least a portion of the light emitted by
the LED chip is extracted from a front side of the lead
frame and another portion of the light emitted by the
LED chip is extracted from a back side of the lead
frame.”
Respondents also do not dispute that this limitation is satisfied by their respective Accused
Products. RRB at 81.
I find that that the Accused Products satisfy this limitation because light is emitted to the
front side and back sides of the lead frame, as shown below. Tr. (Schubert) at 685:7-686:2, 687:321.

CDX-0002C.0103 (depicting Satco S29876); CDX-0002C.0104 (other Accused Products).
2.

Claim 7

I find that the Accused Rigid Products do not practice claim 7 of the ’464 patent.
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a.

“The device of claim 1”

For the reasons discussed above, supra part VI.B.1, I find that the Accused Products have
not been shown to infringe claim 1 of the ’464 patent.
b. “wherein the transparent plate is roughened, textured
or patterned to increase transmission of the light
through the transparent plate.”
For substantially the same reasons discussed concerning claim 6 of the ’529 patent, I find
that none of the Accused Rigid Products satisfy this limitation. See supra part V.B.2.
Complainant has failed to show that the Accused Rigid Products are “roughened, textured
or patterned to increase light extraction.” Dr. Schubert testified that the Accused Rigid Products
satisfy this limitation because microscopic evidence, as discussed previously, shows the roughness
of the plate. Tr. (Schubert) at 690:15-24, 692:3-10.

CDX-0002C.0109 (depicting Satco S29876); CDX-0002C.0110 (other Accused Products).
Additionally, Dr. Schubert relied on optical profilometry that quantifies roughness and
shows that the average roughness is on the order of the wavelength of light, which he summarily
stated “enhances light extraction.” Tr. (Schubert) at 690:25-11, 692:12-19.
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CDX-0002C.0109 (depicting Satco S29876); see also CDX-00002C.0111 (compiling similar
analysis excerpts for other Accused Products).
However, for the same reasons discussed above in connection with claim 6 of the ’529
patent supra part V.B.2, I find that the Accused Products do not satisfy this limitation. See Tr.
(Eden) at 1008:12-23.
3.

Claim 9

I find that the Accused Products have not been shown to infringe claim 9 of the ’464 patent.
a.

“The device of claim 1”

For the reasons discussed above, supra part VI.B.1, I find that the Accused Products have
not been shown to infringe claim 1 of the ’464 patent.
b. “wherein the LED chip includes a transparent
substrate positioned adjacent the transparent plate.”
For substantially the same reasons discussed concerning claim 8 of the ’529 patent, I find
that none of the Accused Products satisfy this limitation. See supra part V.B.3. As with that claim,
only Feit specifically contests this limitation. RRB at 81.
Dr. Schubert testified that the Accused Rigid Products satisfy this limitation because the
transparent growth substrate, which is single crystal sapphire, is adjacent to the transparent plate,
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as shown in the micrographs below that “give essentially the same result.” 20 Tr. (Schubert) at
695:20-696:4, 697:3-9.

CDX-0002C.0114, CX-207 (depicting Satco S29876); CDX-002C.0115 (other Accused
Products).
For the reasons discussed in relation to Claim 8 of the ’529 patent, supra part V.B.3, I find
that Feit’s Accused Products that have metal layers or DBRs also do not satisfy this additional
limitation.
I therefore find none of the Accused Products infringe claim 9.
C.

Technical Prong of the Domestic Industry Requirement
1.

SSLEEC Domestic Industry Products

For the reasons discussed below, I find that Complainant has shown only that Wong
FY2021 (CPX-0046) practices claims 1 and 9 of the ’464 patent.
a. Claim 1
I find that Complainant has only shown that Wong FY2021 (CPX-0046) practices claim 1
of the ’464 patent.

20

Dr. Eden does not dispute that the Accused Products have transparent sapphire growth
substrates. Tr. (Eden) at 1052:25-1053:6.
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i.

“A light emitting device, comprising:”

The preamble of claim 1 is not limiting. See supra part VI.B.1.a.
ii.

“a lead frame including a transparent plate”

Dr. Schubert testified generally that the five SSLEEC Domestic Industry Products practice
this limitation. Tr. (Schubert) at 684:7-15.

CDX-0002C.0102. For the same reasons discussed supra part V.C.1.a, I find that Complainant
has shown only that Wong FY2021 (CPX-0046) practices this limitation.
iii.

“and wherein at least a portion of the light
emitted by the LED chip is extracted from a
front side of the lead frame and another
portion of the light emitted by the LED chip
is extracted from a back side of the lead
frame.”

Dr. Schubert testified that the SSLEEC Domestic Industry Products, Alhassan FY2016, Oh
FY2017, Azimah FY2018, and Wong FY2021, practice this limitation because the photographs
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below show that light is emitted toward the front and back directions. Tr. (Schubert) at 689:1825.

For substantially the same reasons discussed supra part V.C.1.a, I find that Complainant has shown
only that Wong FY2021 (CPX-0046) practices this limitation.
b. Claim 7
I find that the SSLEEC Domestic Industry Products do not practice claim 7 of the ’464
patent.
i.

“The device of claim 1”

For the reasons discussed above, I find that the SSLEEC Domestic Industry Products do
not practice claim 1 of the ’464 patent.
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“wherein the transparent plate is roughened,
textured or patterned to increase
transmission of the light through the
transparent plate.”

ii.

Dr. Schubert testified that the SSLEEC Domestic Industry Products practice this limitation
based on the roughness shown in the micrographs below, i.e. the same reasons discussed with
respect to claim 6 of the ’529 patent. Tr. (Schubert) at 694:16-695:3.

I find that the SSLEEC Domestic Industry Products do not practice this limitation for the
same reasons discussed supra part V.C.b.
c. Claim 9
For the same reasons discussed above with respect to claim 1, I find that only Wong
FY2021 (CPX-0046) practices claim 9 of the ’464 patent.
iii.

“The device of claim 1”

For the reasons discussed above, I find that only Wong FY2021 (CPX-0046) practices
claim 1 of the ’464 patent.
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iv.

“wherein the LED chip includes a transparent
substrate positioned adjacent the transparent plate.”

Respondents do not dispute that the SSLEEC Domestic Industry Products practice this
limitation. Dr. Schubert testified that the SSLEEC Domestic Industry Products practice this claim
limitation because they use a sapphire substrate adjacent to the transparent plate. Tr. (Schubert)
at 699:3-9.

For the reasons discussed supra part V.C.1.a, I find that Complainant has failed to meet
their burden of showing any of the SSLEEC Domestic Industry Products other than Wong FY2021
(CPX-0046) have the requisite transparent plate, and thus only Wong FY2021 (CPX-0046) has
been shown to practice claim 9.
2.

Licensee’s Rigid Domestic Industry Products

For the reasons discussed below, I find that only the Acclaim Domestic Industry Product
practices claims 1 and 9 of the asserted claims. I find that the Ceramic Domestic Industry Products
do not practice claims 1, 7, or 9 of the ’464 patent.
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a. Claim 1
I find the Ceramic Domestic Industry Products do not practice claim 1 of the ’464 patent,
and that the Acclaim Domestic Industry Product does.
i.

“A light bulb, comprising at least one light
emitting device, the at least one light emitting
device each further comprising:”

The preamble of claim 1 is not limiting. See supra part VI.B.1.a.
ii.

“a lead frame including a transparent
plate”

Complainant relies on the testimony of Dr. Schubert that the Rigid Domestic Industry
Products practice this limitation for the same reasons discussed with respect to the Accused Rigid
Products because “the devices are the same in that respect.” Tr. (Schubert) at 683:3-10. However,
Dr. Schubert has not shown that the Rigid Domestic Industry Products are identical to the Accused
Products, including for the reasons discussed supra part I.E.1, and his testimony is therefore
insufficient. See Certain Memory Modules and Components Thereof, Inv. No. 337-TA-1089,
Comm’n Op. at 24 (April 21, 2020) (EDIS ID 708499) (finding the technical prong not satisfied
where expert’s analysis was based on conclusion without explanation that the accused and
domestic industry products were identical).
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CDX-0002C.0099. The parties do not appear to dispute whether the Rigid Domestic Industry
Products have a “lead frame,” but dispute whether Ceramic Domestic Industry Products have a
“transparent plate.”
I find that the Ceramic Domestic Industry Products do not practice the “transparent plate”
limitation, but the Acclaim Domestic Industry Product does, for the same reasons discussed supra
part V.C.2.
iii.

“an LED chip, attached to the lead frame, for
emitting light; wherein the LED chip resides
on or above the transparent plate and at least
some of the light emitted by the LED chip is
transmitted through the transparent plate”

I find that the Ceramic Domestic Industry Products do not meet this limitation with respect
to “transparent” for the reasons discussed above.
Dr. Schubert testified that “based on the similarity of the products and based on the
photographs or micrographs shown [in CDX-0002C.0100], I have concluded that this claim
limitation … is met.” Tr. (Schubert) at 683:12-19; CDX-0002C.0100.
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Dr. Schubert also testified that the photographs in CDX-0002C.0101 “show light emitted
through the transparent plate” and therefore concluded that the limitation is met. Id. at 683:21684:5.
However, for the reasons discussed above, supra part V.C.2, with respect to “transparent
plate,” I find that the Ceramic Domestic Industry Products do not practice this limitation.
iv.

“and wherein at least a portion of the light
emitted by the LED chip is extracted from a
front side of the lead frame and another
portion of the light emitted by the LED chip
is extracted from a back side of the lead
frame.”

The parties do not dispute whether this limitation is met by the Rigid Domestic Industry
Products. Complainant contends that this limitation is practiced by the Rigid Domestic Industry
Products because light is emitted to the front side and back side of the lead frame, as shown by the
photographs below. See Tr. (Schubert) at 689:3-16.

CDX-0002C.0106.
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CDX-0002C.0107.
I find that all of the Rigid Domestic Industry Products satisfy this limitation.
b. Claim 7
I find that the Ceramic Domestic Industry Products do not practice claim 7 of the ’464
patent.
i.

“The device of claim 1”

For the reasons discussed above, I find that the Ceramic Domestic Industry Products do
not practice claim 1 of the ’464 patent.
ii.

“wherein the transparent plate is roughened,
textured or patterned to increase
transmission of the light through the
transparent plate.”

Complainant contends that the Ceramic Domestic Industry Products practice this limitation
based on the following microscope images, which show that the plates are roughened. Tr.
(Schubert) at 694:3-9.
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CDX-0002C.0112.
The parties do not dispute whether the Ceramic Domestic Industry Products have a
“roughened, textured or patterned” transparent plate. Respondents do dispute whether the Ceramic
Domestic Industry Products have a plate that is roughened, textured or patterned to increase
transmission of the light through the plate.
For the same reasons discussed above, supra part V.C.2.e, I find that Complainant has
failed to meet its burden of showing that the Ceramic Domestic Industry Products practice this
limitation.
c. Claim 9
I find that the Ceramic Domestic Industry Products do not practice claim 9 of the ’464
patent, but the Acclaim Domestic Industry Product does.
i.

“The device of claim 1”

For the reasons discussed above, I find that the Ceramic Domestic Industry Products do
not practice claim 1 of the ’464 patent, but the Acclaim Domestic Industry Product does.
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ii.

“wherein the LED chip includes a transparent
substrate positioned adjacent the transparent
plate.”

Respondents do not dispute that the Licensee Domestic Industry Products practice this
limitation. Dr. Schubert testified that the Rigid Domestic Industry Products practice this limitation
“based on the similarity of the products and based on the microscopic images” submitted into
evidence and reproduced below. Tr. (Schubert) at 697:11-17.

CDX-0002C.0116.
I find that the Licensee Domestic Industry Products practice this limitation.
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D.

Validity

Respondents and Staff contend claims 1, 7, and 9 of the ’464 patent are anticipated or
rendered obvious by each of the Yamazaki, Minato, Okamoto 21, and Uemura references. RIB at
5-45; SIB at 128.
Respondents state that the disputed issues for Yamazaki, Minato, Okamoto, and Uemura
are the same for the ’464 patent as they are for the ’529 patent, except that the ’464 patent claims
do not require a phosphor. RIB at 49, 52.
I find that Yamazaki anticipates or renders claims 1, 7, and 9 of the ’464 patent obvious
for the same reasons discussed in part V.D.2 above.
I find that Minato anticipates or renders claims 1 and 9 of the ’464 patent obvious for the
same reasons discussed supra part V.D.3. Minato also renders claim 7 obvious alone or in
combination with Yamazaki or Hakujin for the same reasons discussed supra part V.D.3.
I find that Okamoto renders claims 1, 7, and 9 of the ’464 patent obvious for the reasons
discussed in supra part V.D.4.
I find that Uemura anticipates claims 1 and 9 of the ’464 patent for the same reasons
discussed supra part V.D.5. Uemura alone or in combination with Yamazaki or Hakujin renders
claim 7 of the ’464 patent obvious for the same reasons discussed supra part V.D.5.

21

On October 19, 2021, the PTAB issued a final written decision finding claims 1 and 9 (among
others) of the ’464 patent unpatentable in response to a petition for inter partes review filed by
Satco. See EDIS Doc. ID 754899 (citing IPR2020-00813). The petition and PTAB decision relied
on the Okamoto, Shimizu, and Miyahara references raised by Respondents here plus two additional
references that were withdrawn from this Investigation. Id. Satco’s inter partes petition did not
involve claim 7 of the ’464 patent.
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VII.

THE ’854 PATENT
A.

Claim Construction

I construed the disputed terms “transparent,” “sapphire/sapphire plate/sapphire growth
substrate,” and “a molding” as part of the claim construction order issued as Order No. 39. See
CC Order at 8–16. I hereby incorporate the discussion of those terms on pages 8-16 of Order No.
39 as part of this initial determination.
B.

Infringement

I find that Complainant has failed to demonstrate infringement of the sole asserted claim
of the ’854 patent by any Accused Products. My reasoning follows.
1.

Claim 1

I find that the Accused Products have not been shown to infringe claim 1 of the ’854 patent.
a. “A light emitting device, comprising:”
The parties agreed that the preamble of claim 1 is not limiting. JX-0015 at 2. In light of
the parties’ agreement and the presumption that preambles are not limiting, I find that the preamble
is not limiting.
b. “a transparent surface”
I find that the non-Feit Accused Products and the Feit Accused Rigid Products do not
satisfy this limitation.

However, the analyzed Feit Flexible Accused Product satisfies this

limitation.
i.

Accused Rigid Products

For substantially the same reasons discussed concerning claim 1 of the ’529 patent, supra
part V.B.1., the Accused Rigid Products do not satisfy this limitation. See Tr. (Eden) at 1010:610 (same analysis applies).
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Accused Flexible Products

ii.

The Accused Flexible Products have flexible submounts made of polyimide (hereinafter
“Accused Flexible Products”). 22 Tr. (Schubert) at 633:1-2, 764:3-14. Dr. Schubert testified that
the polyimide material is transparent, based on “photographic evidence and based on the images
shown … particularly … the chemical analysis” shown on CDX-0002C.189. Tr. (Schubert) at
764:3-14, 767:17-24.

See, e.g., CDX-0002C.0189 (depicting Satco S9966).
As discussed supra part V.B.1.iii.(b), the transmission testing results are the most relevant
evidence available, because they show how much light is being transmitted, which is critical to
determining whether a material is “transparent.” Dr. Schubert’s LUX plots and Dr. Eden’s

22

Complainant did not submit evidence of infringement of this limitation for any IKEA flexible
product, and Complainant has therefore failed to meet its burden with respect to those products.
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