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from a mixture of inorganic phosphors was discussed above in the rejection over

Stevenson in view of APA, Wanmaker, and Nakamura which applies equally to claim
118.

Thus the only difference is that there is no indication that the phosphoric mixture of

APA or Wanmaker is dispersed in a poiymer that is on or about the GaN-based LED.

As noted above, Tabuchi teaches the phosphor 7 is coated on the wall of the
transparent cover 6:

A phosphor layer 7 is provided by applying a binding agent in which a

phosphor to convert the radiation from light emitting semiconductor device 4

to visible light is dispersed on the inner surface of transparent cover 6.

Transparent cover 6 is made of a material such as glass or an epoxy resin is

preferably fixed to stem 1 so that it can also function as a cap for hermetic

sealing.

(Tabuchi translation, pp. 3-4; emphasis added)

Although Tabuchi does not indicate the'identity of the binder, Martic teaches that it
has long been known (since 1973) to use organic resins (Le. polymers) as binding

agents specifically for inorganic phosphors in the manufacture of luminescent
screens: '

a In still another aspect, this invention relates to screens comprising inorganic

phosphors wherein the binding agent for said phOSphors comprises a

polyurethane elastorner alone or in combination with an alkyl

methacrylate resin in various ratio ranges.

(Martic, col. 1, lines 10-14; emphasis added)

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to disperse APA or Wanmaker’s inorganic phosphors in the polymeric

binding agent of Martic to make the phosphor layer 7 in Tabuchi, because Tabuchi

is silent as to the binding agent for the phosphor, such that one of ordinary skill

would use known binders specifically used for inorganic phosphors that must emit

light. '

This is all of the additional features of claims 118 and 129.

Pr0posed new claims 134 and 144 read,

134'. A fight-emitting device, comprising:

at least pne single—die gaiiium nitride based semiconductor blue iight-

emitting diode (LED) coupieabie with a power supply to emit a primapz

radiation which is the same for each singie—die LED present in the device,

said primagg radiation being a reiativeiy shorter wavelength radiation; and
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a down-converting iuminoghoric medium arranged in receiving reiationshig to

said grimarx radiation, and which in exgosure to said grimagg radiation, is

excited to resgonsivei}: emit g secondary, reiativeiz longer waveiength,

goizchromatic radiation, with segarate wa veiengths of said goivchromatic

radiation mixing to groguce a white light outgut,

wherein each of the at ieast one singie-die gaiiium nitride based

semiconductor biue light—emitting diode in interaction with iuminoghoric

medium receiving its grimagg radiation groduces white iight outgut,

and wherein the iuminoghoric medium is disgersed in a goizmer that is

on or about the single-die gaiiium nitride based semiconductor biue iight-

emitting diode.

$44. The fight-emitting device of ciaim 134, wherein the iuminoghoric

medium comgrises inorganic iuminoghoric materiai.

Each of the additional features of these claims, highlighted in bold has been
discussed above.

Proposed new claims 162 and 167 read,

162. A iight-emittigg device, comprising:

at igast one single-die gallium nitride based semiconductor biue tight—

emitting diode (LED) coupieabie with a power sugpiy to emit a grimarz

radiation which is the same for each singie-die LED gresent in the device,

said grimag: radiation being a reiativeiv shorter wavelength biue iight
radiation ' and 

a down-converting iuminophoric medium arranged in receiving reiationshig to

’ said grin/Jag; radiation, and which in exgosure to said grimagg radiation, is
excited to resgonsiveiv emit a secondary, reiativeiv ionger waveiength,

goiychromatic radiation, with sggarate waveiengths of said goizchromatic
radiation mixing to groduce a white iight outgut,

wherein each singie-die gaiiium nitride based semiconductor biue iight-

emitting diode in interaction with iuminoghoric medium receiving its grimagg

radiation groduces white iight outgut,

and wherein said at ieast one singie~die gaiiium nitride based semiconductor

biue tight-emitting diode is in a housing comgrising a fight-transmissive

wait member in sgaced reiationshig tg said at ieast one singie-die gaiiiur_n_

nitride based semiconductor biue tight-emitting diode,

and wherein said iuminoghorig medigm is disgersgg in gr on saig

Egg-transmissive waii member.
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167. The fight-emitting device of ciaim 162, wherein the iuminophoric

medium comprises inorganic iuminophoric materiai.

Each of the additional features of these claims, highlighted in bold has been

discussed above. Tabuchi's cover 6 is called a “transparent cover 6” so it is

necessarily a housing comprising a fight-transmissive waii member in spaced

reiationship to the LED. The phosphor layer 7 is dispersed on transparent cover 6.

Proposed new claims 79, 80, 116, 117, 132, 133, 147, and 148 read,

79. The light-emitting device of ciaim 62, comprising a fight—emitting diode

iamp.

0. The ii ht-emittin device of ciaim 79 wherein the ii ht-emittin diode

iamp comprises the at ieast one singie-die gaiiium nitride based

semiconductor biue fight-emitting diode and inorganic iuminophoric materiai

within an enciosure comprising materiai that is iight~transmissive of said

white iight output.

116. The light—emission device of ciaim 100, comprising a fight-emitting

diode iamp.

11 7. The fight-emission device of ciaim 116. wherein the fight-emitting diode

iamp comprises the single-die gaiiium nitride based semiconductor biue iight-

emittipg diode and inorganic iuminophoric materiai within an enciosure

comprising mpteriai that is iight- transmissive of said white iight.

132. The fight-emission device of ciaim 118, comprising a fight-emitting

diode iamp.

133. The fight-emission device of ciaim 132, wherein the fight-emitting diode

iamp comprises the single-die gaiiium nitride based semiconductor bige iight—

emitting diode and inorganic iuminophoric materiai within an enciosure

comprising materiai that is iight— transmissive of said white iight.

147. The fight-emission device of ciaim 134, comprising a fight-emitting
diode iamp. '

148. The light-emission device of ciaim 147, wherein the fight—emitting diode

iamp comprises the singie-die gaiiium nitride based semiconductor biue iight-

emitting diode gnd inorganic iuminophoric materiai within an enciosure

comprising materiai that is fight-transmissive of said white iight output.

Regarding claims 79, 116, 132, and 147,-the device of Stevenson as modified by _

the other references includes a single LED package which is therefore a lamp.
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Regarding claims 80, 117, 133, and 147, as discussed above, Tabuchi teaches that
the LED lamp includes an enclosure having a transparent cover 6 with the phosphor

coating 7 on the interior surface thereof. Because the transparent cover 6 is

transparent, it is iight-transmissive of said white iight output.

D. Tabuchi as a base reference

1. Claims 11 5,_22, 26;, 172, 173. 176, and 177 are rejected under 35 U.S.C.
102(b) as being anticipated by: Tabuchi, as evidenced by the CRC Handbook.

Proposed amended claim 1 reads,

 

[1J 1. A iight emitting device, comprising:

[2] at ieast one singie-die semiconductor iight—emitting diode (LED)

coupieabie with a power suppiy to emit a primary radiation [3] which is the

same for each singie-die semiconductor LED present in the device, [4] said

primary radiation being a reiativeiy shorter waveiength radiation outside the

visibie white iight spectrum; and

[5] a down-converting iuminophoric medium arranged in receiving

reiationship to said primary radiation, and which in exposure to said primary

radiation responsiveiy emits radiation at a muitipiicity of waveiengths and in

the visibie white iight spectrum, with said radiation of said muitipiicity of

waveiengths mixing to produce a white iight output, [61 wherein each of the

at ieast one singie-die semiconductor iight—emitting diode in interaction with

.iuminophoric medium receivingjgs Mary radiation produces white iight

output.

 

Feature [1]: 1. A iight emitting device

Tabuchi’s Fig. 1 (reproduced below) shows a LED 4, which can be a GaN—based

LED, in a housing including transparent cover 6 having a phosphor film 7 coated

thereon to convert the primary radiation (UV or IR) from said LED 4 into visible

light. Visible light includes white light. The LED includes two leads 3 for powering
the LED.
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(Tabuchi, Fig. 1)

In regard to the embodiment shown in Fig. 1, Tabuchi states,

Figure 1 depicts a light emitting semiconductor apparatus of an example

of the present utility model invention. In the example, the present utility

model invention is applied to a light emitting semiconductor apparatus which

employs a so-called TO-S stem. Figure 1, glass 2 fixes leads 3 in a TO-S metal

stem 1. A light' emitting semiconductor device 4 is conductively

connected to stem 1. A transparent cover 6 according to the present utility

model invention is fixed on stem 1. A phosphor layer 7 is provided by

applying a binding agent in which a phoSphor to convert the radiation

from light emitting semiconductor device 4 to visible light is

dispersed on the inner surface of transparent cover 6. Transparent

cover 6 is made of a material such as glass or an epoxy resin is preferably

fixed to stem 1 so that it can also function as a cap for hermetic sealing. .

In the light emitting apparatus of the present utility model invention,

phosphor layer 7 converts infrared or UV emitted from light emitting
semiconductor device 4 to visible light which is radiated in random

directions. Therefore, the light emitting semiconductor apparatus can produce

an emission with a uniform intensity over a large area. Further, the light

emitting semiconductor apparatus utilizes a relatively small quantity of

phosphor and hence, is inexpensive.

(Tabuchi translation, pp. 3-4; emphasis added)

A light emitting semiconductor apparatus of the present utility model
invention is not limited to the structures and materials illustrated in the above

examples. For example, it goes without saying that a near UV light emitting

devices with GaN can be employed and that an ordinary UV-visible light
conversion phosphor can be utilized.

(Tabuchi translation, p. 5; emphasis added)
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Feature [2]: at least one single-die semiconductor light-emitting diode

(LED) coupleable with a power supply to emit a primary radiation

Tabuchi’s Fig. 1 above shows a single-die semiconductor LED 4 where the

semiconductor includes GaN when UV light is the primary light (id.). Fig. 1 also

shows that leads 3 that couple the LED to a power supply (id.).

Feature [3]: which is the same for each single—die semiconductor LED
present in the device

Only one LED is required by the claim. Therefore, the primary light is the same for
each LED.

Feature [4]: said primary radiation being a relatively shorter wavelength

radiation outside the visible white light spectrum

Ultraviolet (UV) light (i.e. below 400 nm wavelength) is necessarily outside the
visible white light spectrum, as admitted in the '175 patent.

Feature [5]: a down—converting luminophoric medium arranged in receiving

relationship to said primary radiation, and which in exposure to said primary

radiation responsively emits radiation at a multiplicity of wavelengths and in

the visible white light spectrum, with said radiation of said multiplicity of

wavelengths mixing to produce a white light output,

Tabuchi discloses a down-converting luminophoric medium (phosphor film 7, which

can be “an ordinary UV—visible light conversion phosphor”) for converting UV light

from the GaN-based LED into visible light:

A light emitting semiconductor apparatus of the present utility model
invention is not limited to the structures and materials illustrated in the above

examples. For example, it goes without saying that a near UV light emitting

devices with GaN can be employed and that an ordinary UV-visible light

conversion phosphor can be utilized.

(Tabuchi translation, p. 5; emphasis added)

Visible light is 4000 A to 7000 A that inherently includes a multiplicity of
wavelengths, again as evidenced by the CRC Handbook, above; therefore the

“ordinary UV-visible light conversion phosphor” responsively emits radiation at a

multiplicity of wavelengths and in the visible white light spectrum.

Feature [6]: wherein each of the at least one single-die semiconductor

light-emitting diode in interaction with luminOQhoric medium receiving its .

primam radiation produces white light output. -
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It is implicit that each of Tabuchi's individual LEDs is capable of producing white

light because one of ordinary skill would recognize that visible light made by “an

ordinary UV-visible light conversion ph05phor" includes white light.

This is all of the features of proposed amended claim 1.

Proposed amended claim 5 reads,

5. A fight—emitting device, comprising:

at ieast one singie-die semiconductor light—emitting diode (LED) coupleabie

with a power suppiy to emit a primary radiation which is the same for each

singie-die LED present in the device, said primary radiation being a reiativeiy

shorter wavelength radiation; and

a down-converting iuminophoric medium arranged in receiving reiationship to

said primary radiation, and which in exposure to said primary radiation, is

excited to responsiveiy emit a secondary, reiativeiy ionger wavelength,

paiychromatic radiation, with separate wavelengths of said

poiychromatic radiation mixing to produce a white iight output, each of the

at ieast one singie-die semiconductor fight-emitting diode in interaction with

iuminophoric medium receiving its primary radiation produces white light

output.

Claim 5 is distinct from claim 1 in that (1) the primary radiation is not required to

include radiation outside the visible white light spectrum; (2) the down-converting

is required to yield longer wavelengths than that of the primary radiation; and (3)
separate wavelengths are required to be produced.

With regard to difference (1), claim 5 is broader in this respect; thus, Tabuchi

discloses the claimed LED for the reasons indicated in conjunction with claim 1.

With regard to differences (2) and (3), as discussed in rejecting claim 1 above,

Tabuchi discloses that the light is down—converted (in terms of energy) to visible

light by any “ordinary UV-visible light conversion phosphor”. Visible light includes

white light which is necessarily polychromatic, as evidenced by the CRC Handbook

(Le. visible light includes a combination of the wavelengths from 700 to 400 nm).

Because Tabuchi discloses that any “ordinary UV-visible light conversion phosphor"

can be used to produce the visible light, which includes white light, those of
ordinary skill in the art would recognize that the phosphors to which Tabuchi refers

include those producing white light.

This is all of the features of claim 5.

Claim 22 reads,
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22. A .iight—emitting device according to ciaim 5, wherein each singie-die
semiconductor LED present in the device comprises a singie-die two-iead
semiconductor LED.

As noted above in rejecting claim 1, Tabuchi discloses a GaN-based LED having two

leads 3 (Tabuchi translation, p. 5; Fig. 1).

Claim 26 reads,

26. A fight-emission device, comprising

a single-die, two-iead semiconductor fight—emitting diode emitting radiation;
and

a recipient down-converting iuminophoric medium for down-converting the

radiation emitted by the fight-emitting diode, to a poiychromatic white light.

This claim is significantly broader than claim 22 above. Tabuchi discioses each of

the features of this claim for the reasons discussed in rejecting claims 1, S, and 22
above.

Proposed new claims 172 and 176 read,

172. The fight-emitting device of ciaim 5, wherein the secondary, reiativeiv

ionger waveiength, poivchromatic radiation comprises a broad spectrum of

W

176. The fight-emission device of claim 26, wherein radiation down- '

converted by the recipient down-converting iuminophoric medium comprises

a broad spectrum of freguencies.

As noted above, visible tight includes a broad spectrum of frequencies, as evidenced

by the CRC Handbook. Therefore, Tabuchi’s the secondary, down-converted

radiation emitted from Tabuchi’s light emitting device includes a broad spectrum of

frequencies.

Proposed new claims 173 and 177 read,

' 173. The fight—emitting device of ciaim 5, wherein the singie—die

semiconductor light-emitting diode is on a support in an interior voiume of a
fight-transmissive enciosure.

177. The fight-emission device of ciaim 26, wherein the singie-die, two-lead

semiconductor light-emitting diode is on a support in an interior volume of a

fight-transmissive enciosure.
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Tabuchi’s Fig. 1, above shows that the single-die, two—lead 3 semiconductor light—

emitting diode 4 is on a support 1 in an interior volume of a light—transmissive
enclosure 6.

2.-Claims 1, 5, 22, 26, 27-32, 41-46, 55-60, 172, 173, 176I and 177 are
rejected under 35 U.S.C. 103(a) as being unpatentable over Tabuchi in view of
Admitted Prior Art [APAL

The prior art of Tabuchi, as explained above, is believed to disclose each of the

features of claims 1, S, 22, 26, 172, 173, 176, and 177. If it is believed by

Patentee, however, that Tabuchi does not include white light, then this may be a

difference between Tabuchi and claims 1, 5, 22, 26, 172, 173, 176, and 177.

As noted above, Tabuchi discloses that any “ordinary UV-visible light conversion

phosphor” can be used to produce the visible light (Tabuchi translation, p. 5;

emphasis added).

APA teaches fluorescent light bulbs use ordinary UV-visible light conversion
phOSphors for producing white light and that such phosphors are inorganic:

It is well known that so-called fluorescent lamps provide white light

illumination. In a fluorescent lamp, the Hg vapor in the vacuum tube is

excited by an electrical discharge. The excited Hg atoms emit light, primarily

in the ultraviolet region (e.g., 254 nm, 313 nm, 354 nm), which is

absorbed by the inorganic ph05phors coating the inside walls of the

tube. The phosphors then emit light. These inorganic phosphors are designed

as such to offer white light emission by "down-converting" (i.e., transforming

a higher frequency, shorter wavelength form of energy to a lower frequency,

'longer wavelength form of energy) the ultraviolet emissions of the excited
states of atomic Hg into a broad spectrum of emitted light which appears as

white to the observer. However, these light emitting devices are not

solid-state,

(the ‘175 patent, col. 3, lines 40-53; emphasis added)

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use APA's inorganic phOSphor in Tabuchi because Tabuchi explicitly

suggests using any “ordinary UV-visible light conversion phosphor" and because

APA teaches such an ordinary phosphor for producing white light from UV light.

Further regarding proposed new claims 172 and 176 reads, as noted above,

visible light includes a broad spectrum of frequencies, as evidenced by the CRC

Handbook. Therefore, the secondary, down—converted radiation emitted from

Tabuchi/APA’S light emitting device includes a broad spectrum of frequencies,

noting that APA teaches plural phosphors that necessarily emit plural wavelengths

of light.

LOWES 1034, Page 89



TCL 1034, Page 90LOWES 1034, Page 90

Application/Control Number: 90/010,940 Page 88

Art Unit: 3992

Proposed new claims 27, 41, and 55 read,

27. The iight emitting device of ciaim 1, wherein the iuminoghoric medium

comgrises an inorganic iuminoghor.

41. The iight emitting device of ciaim 5, wherein the iuminoghoric medium

comgrises an inorganic iuminoghor.

55. The iight emitting device of ciaim 26, wherein the iuminoghoric medium

comgrises an inorganic iuminoghgr. .

As just noted, APA teaches that the phosphor is inorganic.

Preposed new claims 28-30, 42-44, and 56—58 read,

28. The iight emitting device of ciaim 27. wherein the inorganic iuminoghor is

disgersed on or in a housing member.

29. The iight emitting device of ciaim 27. wherein the inorganic iuminoghor is

disgersed in a fiim on a gurface gf a housing member.

30. The iight emitting device of ciaim 27. wherein the inorganic iuminoghor is

within a housing member.

42. The iight emitting deviCe of ciaim 41. wherein the inorganic iuminoghor is
disgersed on or in a housing member.

43. The iight emitting device of ciaim 41, wherein the inorganic iuminoghor is

disgersed in a film on a surface of a housing member.

44. The iight emitting device of ciaim 41. wherein the inorganic iuminoghor is
w: in a housin mem er

56. The iight emitting device of ciaim 55. wherein the inorganic iuminoghor is
dis ersed on or in a housin mem er.

57. The iight emitting device of ciaim 55I wherein the inorganic iuminoghor is

disgersed in a fiim on a surface of a housing member.

58. The iight emitting device of ciaim 55, wherein the inorganic iuminoghor is
within a housing memggr.

Tabuchi's Fig. 1, above, shows that the phosphor layer 7 is in a film on the inside

surface of the transparent cover 6:

A phosphor layer 7 is provided by applying a binding agent in which a

phosphor to convert the radiation from light emitting semiconductor device 4
to visible light is dispersed on the inner surface of transparent cover 6.
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Transparent cover 6 is made of a material such as glass or an epoxy resin is

preferably fixed to stem 1 so that it can also function as a cap for hermetic

seanng.

(Tabuchi translation, p. 3, last full 11; emphasis added)

Thus, Tabuchi discloses phosphor 7 is located on, in, within, and in a film on a

surface, of a housing member 6.

This is also entirely consistent with the APA phosphor which is a coating on the

inside of the light bulb housing. '

Proposed new claims 31, 32, 45, 46, 59, and 60 read,

31. The light emitting device of claim 27, wherein each said LED comprises

material selected from the group consisting of gallium nitride and its

allgzs,

32. The light emitting device of claim 27, wherein each said LED comprises

gallium nitride.

45. The light-emitting device of claim 41, wherein each said LED comprises

material selected from the group consisting of gallium nitride and its

alloys.

46. The light—emitting device of claim 41, wherein each said LED comprises

gallium nitride.

59. The light—emission device of claim 55, wherein the light-emitting diode

comprises material selected from the group consisting of gallium nitride

and its alloys.

60. The light-emission device of claim 55, wherein the light-emitting diode

comprises gallium nitridg.

As noted above, Tabuchi indicates that the LED is GaN when UV light is used as the

primary radiation:

A light emitting semiconductor apparatus of the present utility model
invention is not limited to the structures and materials illustrated in the above

examples. For example, it goes without saying that a near UV light emitting
devices with GaN can be employed and that an ordinary UV-visible light
conversion phosphor can be utilized.

(Tabuchi translation, p. 5; emphasis added)
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3. Claims 1,5, 22,26, 172, 173, 176, 177, and 187 are rejected under 35

U.S.C. 103(a) as being unpatentable over Tabuchi in view of Pinnow.

The prior art of Tabuchi, as explained above, is believed to disclose each of the

features of claims 1, S, 22, 26, 172, 173, 176, and 177. If it is believed by

Patentee, however, that Tabuchi does not include white iight, then this may be a

difference between Tabuchi and claims 1, 5, 22, 26, 172, 173, 176, and 177.

 

As noted above, Tabuchi discloses that any “ordinary UV-visible light conversion

phosphor” can be used to produce the visible light (Tabuchi translation, p. 5;

emphasis added).

wherein each of the at ieastone singie-die semiconductor fight-emitting

diode in interaction with iuminophoric medium receiving its primapz radiation

produces white iight output. (ciaim 1)

each of the at ieast one singie-die semiconductor fight-emitting diode in

interaction with iuminophoric medium receiving its primagg radiation

produces white iight output. (ciaim 5)

a recipient down-converting iuminophoric medium for down-converting the

radiation emitted by the fight-emitting diode, to a poiychromatic white iight.
(Ciaim 26)

Pinnow teaches a display wherein a laser (instead of an LED) is used to produce

primary visible or UV light that is down-converted by a mixture of phosphors

into visible, secondary light of longer wavelength light which explicitly includes
white light:

A single color display is produced by projection using a scanning laser beam

operating in the visible or ultraviolet and a photoluminescent screen which

emits in the visible. Combinations of phosphors may be employed to
simulate white or desired colors.

(Pinnow, abstract)

Pinnow’s Fig. 3 shows the light emitting device (a diSpIay) including the laser 10

and one example of a phosphor screen 15. The primary light from the laser 10 is

down-converted by phosphor screen 15 to produce visible light. Importantly,
Pinnow teaches that phOSphors for each primary color can be mixed together in a
resin to produce white light:

In this description, use will be made of the term "colorant" or "organic

colorant." It is to be understood that this term includes photoluminescent

organic dyes and pigments. Pigments are particularly useful and may be

formed by dissolving a dye in an organic resin solution which is

subsequently condensed. It is known that luminescent efficiency in certain

cases may be enhanced if the dye is absorbed on a colloid which may take the

form of gel! [sic] fibers or particles of high molecular weight polymers.
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(Pinnow, paragraph bridging cols. 1-3;. emphasis added)

The invention is broadly premised on the use of such organic colorants.

Monochromatic displays result from use of homogeneous phosphor

screens. These may be present as self-supporting members or as
coatings, and they may be made up on one or any combination of

colorants required to produce the desired balance.

(Pinnow, col. 2, lines 15-20; emphasis added)

A black and white display can be achieved by scanning a monochromatic

laser beam on a viewing screen that is coated with an appropriate blend

of phosphors and direct scattering materials such as powdered M90 or talc.

For example, a combination of scattered light from a blue argon-ion iaser

beam (4,880 A.) [i.e. visible light] and blue-to-red converted light from '
either of the Rhodamine dye phosphors can produce a white appearance

since a straight line connecting these primaries on the chromaticity diagram

passes very near to illuminant C.

A combination of more than two primaries can also be used to produce
white. As an example, a Cd-He laser beam which illuminates a correctly

proportioned mixture of MgO and dye phosphors 3,484 A. and 3,485 A. [i.e.

ultraviolet light] can be used to achieve a white appearance. Alternately,

MgO may be replaced by pyrelene—containing materials or 7-diethyl amino, 4~

methyl coumarin-containing materials (blue-to-blue and ultraviolet-to-blue

converting phosphor, respectively, to completely eliminate speckle).

Regardless of how many phosphors are used, it is apparent from the

chromaticity diagram that a necessary condition for achieving a true white is

that the illuminating laser beam have a wavelength of approxlmately
4,950 A. or shorter. Otherwise, it is impossible to include illuminant C

within .a polygon whose primaries are the source and any combination of

longer wavelengths that can be achieved by down-conversion of frequency.

Fortunately, the argon-ion laser satisfies this necessary condition.

(Pinnow, col. 3, lines 24-55; emphasis added)

(It is noted that Pinnow uses “A." for “angstrom”, which is properly, instead, )3.)

It is important to note in the final paragraph from Pinnow excerpted above, Pinnow

tells those of ordinary skill that any primary radiation can be used so long as

its wavelength is 4950 A (495 nm) or shorter, providing examples of both
blue and UV light sources for the primary light that is down-converted into visible

light. Tabuchi’s GaN—based LED meets this criteria, as discussed above. Tabuchi’s

GaN-based LED emits UV light. Therefore, those of ordinary skill using the phosphor

mixtures taught by Pinnow have a certain expectation of success. Pinnow shows

that the results of illuminating the phosphor mixture with UV light or blue light (Le.
shorter than 4950 It) produces entirely predictable results in making white light of
any shade desired.
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It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Pinnow's phOSphor mixtures, made as coating or self-standing

elements (Pinnow, col. 2, lines 15-20) as the phosphor mixture in Tabuchi, in order

to produce a visible white light. Because Tabuchi is silent as to the specific

“ordinary UV-visible light conversion phosphor" needed to produce visible light, one

of ordinary skill would use known materials known to work for the intended

purpose, such as that taught in Pinnow.

Thus, Tabuchi modified to ensure a mixture of phosphors is used, ensures that each

of the at ieast one singie-die semiconductor fight-emitting diode in interaction with

iuminoghoric medium [phosphor mixture] receiving its grimagg radiation produces

white iight outgut, as newly claimed in proposed amended claim 1, and as similarly
claimed in claims 5 and 26.

Proposed new claim 187 reads,

1.87 A iight emitting device comgrising a fight-emitting diode ogerativeoto
emit i a "Net radiation acka ed wi oric medium

in a goigmeric matrix, wherein the iuminoghoric medium absorbs bide or

uitravioiet radiation from the light-emitting diode and down converts same to

a broad sgectrum of freguencies groducing goizchrornatic white iight,

wherein the fight-emitting diode is a singie-die, two-iead semiconductor

tight-emitting diode.

Claim 187 is distinguished from claim 26 in (1) specifying the radiation emitted

from the LED as being UV.

With regard to distinction (1), as discussed above, Tabuchi states that the GaN-
based LED emits UV light and therefore reads on these claims.

With regard to distinction (2), as noted above, Tabuchi indicates that the phosphors

are dispersed in a “binder”:

Also as noted above, Pinnow teaches that the luminophoric medium is also

homogeneously dispersed in a binder, i.e. an organic resin, from which coatings Or

seif-supporting structures are made (Pinnow, paragraph bridging cols. 1-3; col. 2,
lines 15-20). Thus, the phosphor coating of Pinnow including the mixture of

phosphors that produce white light can be applied as the phosphor coating in
Tabuchi. So done, Tabuchi's LED includes a fight—emitting diode operative to emit

uitravioiet radiation, packaged with iuminophoric medium in a poiymeric

matrix, as required by claim 187.

4. Claims 2 and 23 are rejected under 35 U.S.C. 103(a) as being ungatentable

over any offl) Tabuchi in view of Stevenson and Imamura, (2) Tabuchi in view
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of APA, Stevenson, and ImamauraI and (31Tabuchi in view of Pinnow.
Stevenson and Imamura.

Claims 2 and 23 read,

 

2. A fight-emitting device according to ciaim 1, comprising a two-lead

array of singie-die semiconductor L505.

23. A fight-emitting device according to ciaim 5, comprising a two-read

array of singie-die semiconductor LEDs.

The prior art of any of (1) Tabuchi, (2) Tabuchi in view of APA, and (3) Tabuchi in

view or Pinnow, as explained above, discloses each of the features of claim 1 and 5.

Tabuchi does not explicitly disclose a two—lead array of single—die LEDs.

As explained in detail above, Stevenson's and Tabuchi's light emitting devices

produce light in the same way, wherein a GaN-based LED down-converts the

primary radiation from said LED into secondary visible light, using phosphors. In

addition, Stevenson teaches using an array of LEDs to produce a display

(Stevenson, col. 4, lines 5-7).

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use an array of Tabuchi's or Tabuchi/APA’S, or Tabuchi/Pinnow's LED,

as taught by Stevenson, in order to make a display, because Stevenson suggests

using an array to make a display. In other words, Stevenson provides a reason to

make an array of LED, specifically to make a display.

Then the only difference is that --even though Tabuchi and Stevenson both teach

that each LED has two leads—- there is no teaching that the array has two leads.

Imamura’s Figs. 4 and 5 (reproduced below) shows the top and side views of an

light array 10 made from an array of single-die semiconductor LEDs 13 on a

substrate 15 (Imamura, col. 3, lines 16-36).
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(Imamura, Fig. 4)
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(Imamura, Fig. 5)

The array 10 can be used as a backlight for a liquid crystal display, such as shown

in Fig. 8 (Imamura, col. 4, lines 59-61). Each LED die 13 has two leads that

connect to the array's two leads, made from the go|d~plated copper pattern 12

shown in the side view of right side of Fig. 5 and in the top view as the horizontal

lines running across the top and bottom of the substrate 15 that connect the array

of LEDs 13. As also shown in Fig. 4, each of the array's two leads ends in a
terminal. Thus, Imamura teaches a two-iead array of singie-die semiconductor
LEDS.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Imamura's two-lead array configuration of plural identical LEDs of

Tabuchi, or Tabuchi/APA, or Tabuchi/Pinnow -—therefore emitting identicai radiation-

- because Stevenson is silent as to how an array of LED would be wired for a

display, such that one of ordinary skill would follow known ways of assembling an

array such as taught by Imamura (Imamura, col. 3, lines 37—60).

5. Claims 3, 4, and 34-40 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Tabuchi in view of APA and Nakamura.

Claim 3 reads,

3. A fight-emitting device, comprising:

a semiconductor iaser coupieabie with a power supply to emit a primary

radiation having a reiativei‘y shorter wavelength outside the visible light

' spectrum; and

a down -converting iuminophoric medium arranged in receiving reiationship to

said primary radiation, and which in exposure to said primary radiation

responsiveiy emits poiychromatic radiation in the visible light spectrum, with

different waveiengths of said poiychromatic radiation mixing to produce a

white iight output.
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Claim 3 is distinguished from claim 1 in that (1) a semiconductor laser is required

versus a single-die semiconductor LED; (2) the primary radiation is required to be

outside the visible light spectrum, as opposed to outside the visible white light

spectrum; and (3) the wording associated with the luminophoric medium.

As discussed above in the rejection of claim 1 over Tabuchi in view of APA, Tabuchi
in view of APA teaches all of the features of claim 3 except for the semiconductor

laser. Instead, Tabuchi uses a GaN-based LED to produce the primary radiation.

With regard to differences (1) and (2) between claim 3 and claim 1, Tabuchi

does not teach a semiconductor laser that produces primary radiation outside the

visible spectrum. Tabuchi does, however, teach a GaN—based LED producing UV

light which is outside the visible light spectrum:

A light emitting semiconductor apparatus of the present utility model
invention is not limited to the structures and materials illustrated in the above

examples. For example, it goes without saying that a near UV light emitting

devices with GaN can be employed and that an ordinary UV-visible light

conversion phosphor can be utilized.

(Tabuchi translation, p. 5; emphasis added)

Nakamura teaches GaN-based LEDs and laser diodes (LDs) that emit both blue and

UV light. (In fact, one LED indicated as suitable in the ‘175 invention is a GaN LED

from Nichia Chemicals, to which Nakamura is assigned. See the '175 patent, col. 9,

lines 10-18. Thus, Patentee admits to using known GaN-based LED for the instant

invention.)

Nakamura indicates that GaN-based LED emitting light outSide the visible white
light spectrum are known in the art:

Jpn. Pat. Appln. KOKAI Publication No. 4-68579 discloses a double-

heterostructure having a p-type GaInN clad layer formed on an oxygen-

doped, n-type GaInN light-emitting layer. The emission wavelength of the

light-emitting device having this double-heterostructure is 365 to 406 nm.

(Nakamura, coi. 2, lines 7-14; emphasis added)

UV light is light less than 400 nm as evidenced by the CRC Handbook, supra.

In regard to its LEDs and lasers, Nakamura states the following:

The semiconductor device of the present invention includes a light—emitting
diode (LED) and a laser diode (LD).

(Nakamura, col. 4, lines 9-11)

It is still another object of the present invention to provide an uitraviolet to

red light-emitting device having a wavelength in the region of 365 to 620
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(Nakamura, col. 2, lines 30-33; emphasis added)

FIG. 12 shows a structure of a laser diode 40 having a double-

heterostructure of the present invention.

The laser diode 40 has a double-heterostructure constituted by an impurity-

doped InxGaHN active layer 18 described above in detail in association

with the light-emitting diode, and two clad layers sandwiching the active layer

18, i.e., an n-type gallium nitride—based compound semiconductor layer 16

and a p-type gallium nitride-based compound semiconductor layer 20, as

described above. A buffer layer 14 described above in detail is formed on a

substrate 12 described above in detail. An n-type gallium nitride layer 42 is

formed on the buffer layer 14, providing a contact layer for an n-electrode
described below.

(Nakamura, col. 11, line 61 to col. 12, line 6; emphasis added)

Nakamura shows that the wavelength of the LED or L0 can be controlled by

controlling the dopant:

In the light-emitting device of the present invention, when the value of x in

InxGaHN of the light-emitting iayer is close to 0, the device emits ultraviolet

light. When the value of x increases, the emission falls in the longer-

wavelength regiOn. When the value of x is close to 1, the device emits red

light. When the value of x is in the range of 0<x<0.5, the light-emitting

device of the present invention emits blue to yellow light in the wavelength

range of 450 to 550 nm.

(Nakamura, col. 4, lines 52-59; emphasis added)

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to substitute Tabuchi‘s UV- light-emitting GaN- based LED with Nakamura’s

UV- light-emitting GaN-based L0. This can be seen as simple substitution of one

known element (Tabuchis GaN-based LED) for another known element

(Nakamuras GaN— based LD) to obtain predictable results and is one of the

rationales identified by the Supreme Court in KSR International Co. v. Teleflex Inc,

550 U.S. _,__, 82 USPQ2d 1385, 1395-97 (2007). (See MPEP 2143, Rationale

B.)

The results are predictable because both Tabuchi's LED and Nakamura's LED and

LD emit light in the same general region of the spectrum and are GaN—based, so

the LED and LD materials are essentially the same. As will be discussed below,

because the phosphor mixture disclosed in APA emits white light in response to UV

radiation and Nakamura’s LDs emits UV light, the results of using Nakamura’s L0 in

place of Tabuchi’s LED along with APA’s phosphor mixtures yield predictable results,
i.e. the production of white light.

Claim 4 and proposed new claims 38-40 read,
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4. A light-emitting device according to claim 3, wherein said semiconductor
laser includes an active material selected from the group consisting of ill—V

alloys and II-Vi alloys.

38. The light-emitting device of claim 34, wherein the semiconductor laser
comgrises material selected from the groug consisting of gallium nitride

and its allgzs.

39. The light—emitting device of claim 34, wherein the semiconductor laser

comgrises gallium nitride.

40. The light-emitting device of claim 34, wherein the semiconductor laser

comgrises gallium nitride alloz.

Nakamura’s LED and LD are made from GaN-based semiconductor material which is

a group III-V alloy. In particular, when producing UV light, the value of x in InxGaI-

xN approaches zero, the device emits ultraviolet light.

In the light-emitting device of the present invention, when the value of x in

InxGaHN of the light-emitting layer is close to 0, the device emits ultraviolet

light. When the value of x increases, the emission falls in the longer-

wavelength region. When the value of x is close to 1, the device emits red

light. When the value of x is in the range of 0<x<0.5, the light-emitting

device of the present invention emits blue to yellow light in the wavelength
range of 450 to 550 nm.

(Nakamura, col. 4, lines 52—59; emphasis added)

Thus, Nakamura includes LDs wherein GaN and InGaN are used. Substitution of

Tabuchi’s GaN LED with Nakamura’s LDs is the same as discussed above in

conjunction with claim 3.

Preposed new claims 34-37 read,

34. The light-emitting device of claim 3, wherein the luminoghoric medium

comgrises an inorganic luminoghgr.

35. The light-emitting device of claim 34, wherein the inorganic luminoghor is

disgersed on or in a housing member.

36. The light-emitting device of claim 34, wherein the inorganic luminoghor is

disgersed in a film on a surface of a housing member.

37. The light—emitting device of claim 34, wherein the inorganic luminoghor is
within a housing member.
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As discussed above in rejecting claims 27-30 over Tabuchi in view of APA inorganic

phosphor mixture is obvious and the location of the phosphor 7 on, in, and within
the housing member 6 in a film is disclosed in Tabuchi (Tabuchi, Fig. 1).

6. Claims 62, 63, 66-69, 74—80, 100, 101l 104-107, 110, 112-117, 162, and

164-171 are rejected under- 35 U.S.C. 103(a) as being unpatentable over
Tabuchi in view of APA Wanmaker and Nakamura. 

Proposed new claims 62 and 75 read,

62. A fight-emitting device, comprising:

at ieast one singie—die gaiiium nitride based semiconductor biue iight-

emitting diode (LED) coupieabie with a power suppig to emit a primary

radiatipn which is the same for each singie-die LED present in the device,

said primagg radiation being a reiativeiz shorter waveiength biue iight
radiation' and

a down-converting iuminophoric medium arranged in receiving reiationship to

said primacy radiation, and which in exposure to said primacy radiation, is

excited to Lesponsiveiy emit a secondacx, reiativeiz ionger waveiength,

poigchromatic radiation, with separate waveiengths of said poizchromatic

radiption mixing to produce a white iight output, wherein each of the at ieast

one si_ngie-di_egaiiium nitride based semiconductor biue tight-emitting diode

in interaction with iuminophoric medium receiving its primary radiation

produces white iight output,

 

 

and wherein the fight-emitting device comprises one or more compatibie

characteristics seiected from the group consisting of:

(i2 the iuminophoric medium being arranged about the singie-die iight-

emitting diode;

(ii! the iuminophoric medium being contiguous to the singie-die iight-

emitting diode,-

  

iii the sin ie—die ii ht—emittin diode com risin side surface and the 

iuminophoric medium being in iateraiiz spaced reiationship to said side
surface' -

(iv) the iuminophoric medium pging dispersed in poizmer or glass; and

(V) the iuminophoric medium being on poizmer or glass.
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75. The fight-emitting device of ciaim 62, wherein the iuminophoric medium
comprises inogganic iuminophoric material.

Claim 62 is coextensive with claim 5, as indicated by Patentee (Remarks dated

3/26/2012, pp. 28-29). Claim 62 is distinguished from claim 5 in (1) the LED is

required to be a blue-light-emitting GaN-based LED and (2) the one or more

compatibie characteristics. The substitution of Tabuchi's UV-light-emitting GaN-

based LED with Nakamura’s blue—light-emitting GaN-based LEDs was discussed

above and is obvious for the same reasons. Tabuchi's Fig. 1 shows the luminophoric

medium (phosphor 7) is (1) about the LED, (iii) laterally spaced from the side

surface of the LED, and (v) on polymer or glass, as Tabuchi’s transparent cover 6 is

made from plastic or glass.

In addition, Tabuchi indicates that “an ordinary UV-visible light conversion

phosphor" can be used to down convert the light from the LED to the visible light

(Tabuchi translation, p. 4).

APA teaches that it is known in'the art to use inorganic phosphor mixtures coated
on a glass housing to convert primary radiation from electrically excited Hg

(mercury) vapor, as in fluorescent bulbs:

It is well known that so-called fluorescent lamps provide white light

illumination. In a fluorescent lamp, the Hg vapor in the vacuum tube is

excited by an electrical discharge. The excited Hg atoms emit light,

primarily in the ultraviolet region (e.g., 254 nm, 313 nm, 354 nm), which

is absorbed by the inorganic phosphors coating the inside walls of the

tube. The phosphors then emit light. These inorganic phosphors are designed

as such to offer white light emission by "down-converting" (i.e., transforming

a higher frequency, shorter wavelength form of energy to a lower frequency,

longer wavelength form of energy) the ultraviolet emissions of the excited

states of atomic Hg into a broad spectrum of emitted light which appears as

white to the observer. However, these light emitting devices are not

solid-state,

(the-‘17s patent, col. 3, lines 40-53; emphasis added)

The ‘175 patent is not entireiy accurate as to the emission of Hg vapor that is

converted to visible light. Rather, the ‘175 patent fails to acknowledge that, in fact,

such high intensity blue light is emitted by the Hg vapor that the phosphor coatings

include inorganic compounds that absorb and convert, not just the UV wavelengths,

but also the blue wavelengths to longer wavelength visible light, so that the blue
does not overwhelm the emitted light. In this regard, Wanmaker states,

To obtain a satisfactory rendition of the colours of articles irradiated by a

fluorescent lamp it is necessary to suppress the intensity of the blue

mercury lines emitted by the mercury vapour discharge at wave
lengths of 405 and 436 nm.
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To what extent this suppression is to be effected is dependent on the desired

quality of the colour rendition and on the desired colour temperature of the

lamp. An attenuation of the said blue mercury lines can be obtained if
the wall of the lamp is provided with a layer which includes a light yellow

coloured red luminescing material which absorbs at least a part of the

blue mercury radiation. The emitted radiation of this luminescent

material provides a desired contribution in the red part of the

spectrum of the radiation emitted by the lamp. This known step is described
in United Kingdom patent specification 737,828. Magnesium arsenate

activated by quadrivalent manganese is used in practice as a blue

absorbing red luminescing material. Furthermore the lamp includes a

second luminescent layer which is provided on the absorption layer and which

comprises one or more luminescent materials with which it is possible to

achieve the desired spectral distribution of the radiation emitted by the lamp.

(Wanmaker, col. 1, lines 18-22; emphasis added)

Wanmaker goes on to improve upon the prior art phosphors with other phosphors

that also convert the mercury blue lines to longer wavelength visible light.

Wanmaker is important here because it shows that those of ordinary skill in the art

knew in 1974 --20 years before the ‘175 patent-- how to choose inorganic '

phosphor mixtures that down—convert blue light to visible white light «such as that

produced by Nakamura's GaN—based LEDs emitting light in the blue region of the

spectrum. Thus, Wanmaker provides evidence of success and predictable results in

using APA’s or Wanmaker’s mixture of inorganic phosphors along with Nakamura’s

GaN-based, blue-light emitting LED in place of Stevenson‘s GaN-based LED.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use APA’s or Wanmaker's inorganic phosphor mixture to produce white
light because Tabuchi indicates that any UV-visible light conversion phosphor can

be used to make white light, and APA and Wanmaker teach known phosphors

mixtures that produce white light from, inter aiia, blue light, such that there is

predictable results using said phosphor mixtures with Nakamura’s GaN—based LED

in place of Tabuchi's GaN LED. -

This is all of the features of claims 62 and 75.

Proposed new claims 63, 66-69, 74, and 80 read,

63. The fight-emitting device of ciaim 62, comprising the iuminoghoric

medium being arranged about the singie-die fight-emitting diode.

66. The fight-emitting device of claim 62, comprising the singie-die iight-

emitting diode comgrising side die surface, and the iuminoghoric medium

being in laterally sgaced reiationshig to said side die surface.
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67. The light—emitting device of claim 66. wherein the lumingghoric medium

is in laterally sgaced facing relationship to said side die surface.

68. The light-emitting device of claim 62. comgrising the single—die light-

emitting diode being grrangeg to directly impinge grimarg radiation on
the luminoghoric medium. '

69. The light-emitting device of claim 62. comgrising the single-die light»

emitting diode and luminoghoric medium being arranged without

intermediate material therebgtween.

74. The light-emitting device of claim 62l comgrising the luminoghoric

medium being on golymer or glass.

80. The light-emitting device of claim 79, wherein the light-emitting diode

lamg comgrises the at least one single-die gallium nitride based

semiconductor blue light-emitting diode and inorganic luminoghoric malarial

within an enclosure comgrising material that is light-transmissive of said

white light outgut.

APA and Wanmaker teach that the phosphor can be homogeneously diSpersed to

make a coating, and Tabuchi discloses that the phosphor 7 is homogenously

dispersed in binder to make a coating on the tranSparent cover 6, said cover being

made from polymer or glass. The transparent cover forms an enclosure around the

LED 4 and phosphor 7.

 

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use APA’s or Wanmaker's phosphor mixture as Tabuchi’s “ordinary UV—

visible light conversion phosphor" layer 7 for the reasons indicated above. So

placed, the orientation shown in Tabuchi's Fig. 1 discloses each of the features of

claims 63, 66-69, 74, and 80.

Proposed new claims 76-78 read,

76. The light—emitting device of claim 62. wherein the single-die light-

emitting diode comgrises gallium nitride and its alloys.

77. The light-emitting device of claim 62I wherein the single-die light-

emitting diode comgrises at least one of gallium nitride, indium gallium

nitride. aluminum gallium nitride, and aluminum gallium indium nitride.

78. The light-emitting device of claim 62, wherein the at least one single-die

gallium nitride based semiconductor blue light-emitting diode comgrises only

one single-die gallium nitride based semiconductgr blue light~emitting diode.
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As indicated above, Nakamura teaches GaN and its alloys make the blue-light-

emitting LEDs; thus, modification of Tabuchi to use Nakamura’s LEDs already
includes the features of these claims.

Proposed new claim 79 reads,

79. The fight-emitting device of ciaim 62, comgrising a fight-emitting diode

iamg.

Tabuchi alone or as modified according to Nakamura includes a single LED and
therefore includes a lamp.

Proposed new claims 100 and 113 read,

100. A fight-emission device: comgrising

a singie-die, two—iead gaiiium nitride based semngnductor biue iight-

emitting diode emitting radiation; and

a recigient down-converting iuminoghoric medium for down—converting the

radiation emitted by; the fight-emitting diode, to a goizchromatic white iightI

wherein the fight-emission device comgrises one or more comgatibie

characteristics seiected from the groug cgnsisting of:

(i! the iuminoghoric medium being arranged about the singiefidie iight-

emitting diode;

(iii the iuminoghoric medium being contiguous to the singie-die light-

emitting diode;

iii the sin ie—die ii ht-emittin diode com risin side surface and the

iuminoghoric medium being in iateraiiz sgaceg reiationshig to said side
BCE'

(iv) the iuminoghoric medium being disgersed in goizmer or glass; and

(vi the iuminogflgric medium being on goizmer or giass.

113. The fight-emission device of ciaim 100. wherein the iuminoghoric

medium comgrises inorganic iuminoghoric materiai.

Claim 100 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, pp. 40-41). Claim 100 differs from claim 25 in the same ways that

claim 62 is distinguished from claim 5. Therefore claim 100 is obvious for the same

additional reasons as indicated above in conjunction with claim 62.

 

This is all of the features of ciaims 100 and 113.
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Proposed new claims 101, 104-107, 110, 112, and 117 read,

101. The light-emission device of claim 100, comgrising the luminoghoric

medium being arranged about the single-die light-emitting diode.

104. The light—emission device of claim 100, comgrising the single-die light-

emitting diode comgrising side die surface, and the luminoghoric medium
bein in laterall s aced rl i i to a' side die surface.

105. The light—emission device of claim 104, wherein the luminoghoric

medium is in laterally; sgaced facing reiationshig to said side die

surface.

106. The light-emission device of claim 100. comgrising the single-die light—

emitting diode being arranged to directlz imginge grimagz radiation on the

luminoghoric medium.

107. The light-emission device of claim 100. comgrising the single-die light-

emitting diode and luminoghoric medium being arranged without

intermediate material thgrgggtween.

110. The light-emission device of claim 100. comgrising the luminoghoric

medium being in a homogeneous comggsigigg.

112. The light-emission device of claim 100, comgrising the luminoghoric

medium being on golgmer or glass.

117. The light-emission device of claim 1 16‘ wherein the light—emitting diode

lamg comgrises the single-die gallium nitride based semiconductor blue light-

emitting diode and inorganic lumingghgric material within an enclosure

comgrising material that is light-transmissive of said white light.

Each of the above features was discussed above in conjunction with claims 63, 66—
69, and 74 and applies here.

Proposed new claims 114-116 read,

114. The light-emission device of claim 100. wherein the single-die light—

emitting diode comgrises gallium nitride and its alloys.

115. The light-emission device of claim 100. wherein the single-die light-
emitting diode 'comgrises at lgast one of gallium nitride. indium gallium

nitride, aluminum gallium nitride. and aluminum gallium indium nitride.

116. The light-emission device of claim 100. comprising a light-emittiiy
m
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Each of the above features was discussed above in conjunction with claims 76—79

and applies here.

Proposed new claims 162 and 167 read,

162. A fight-emitting device, comgrising:

at ieast one singie-die gaiiium nitride based semiconductor biue iight-

emitting diode (L501 cougieabie with a gower suogiv to emit a grimar}:

radiation which is the same for each singie-die LED gresent in the device,

said grimagg radiation being a reiativeiz shorter waveiength biue iight
radiation ' and

a down-converting iuminoghoric medium arranged in receiving reiationshig to
said grimagg radiation, and which in exgosure to said grimagg radiation. is

excited to resgonsiveiv emit a secondary, reiativeiv ionger waveiength,

Qoivchromatic radiation, with segarate waveiengths of said goizchromatic

radiation mixing to groduce a white iight output,

 

 

wherein each singie-die gaiiium nitride gaied semicong‘gctor biue iiggt-

emitting diode in interaction with iuminoghoric medium receiving its grimagv

radiation groduces white iight cutout,

and wherein said at ieast one single—die gaiiium nitride based semiconductor

biue fight-emitting diode is in a housing comgrising a light-transmissive

waii member in ggaced reigtionshig to said at ieast one singie-die gaiiium

nitride based semiconductor biue fight-emitting diode,

and wh in said ino horic medium is dis ersed in or on said ‘

tight-transmissige waii member.

167. The fight—emitting device of ciaim 162, wherein the iuminoghoric

medium comgrises inorganic iumin'oghoric materiai.

Claim 162 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, pp. 58-59). Claim 162 differs from claim 5 in requiring the LED be a
GaN-based blue-light-emitting LED and the orientation of the luminophoric medium

in or on a light-transmissive wall member.

As noted above in this rejection, the substitution of Tabuchi’s GaN-based LED with

Nakamura’s GaN-based LED is obvious. Also as noted above in conjunction with
claims 63, 66—72, and 74, the light-transmissive wall member 6 having a phOSphor

coating 7 thereon in spaced relationship to the LED 4 is taught by Tabuchi. Thus, all

of the additional features of claim 162 are obvious for the reasons already
discussed above.

Proposed new claims 164-166 read,
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164. The light-emiging device of claim 162, wherein said luminoghoric

medium is dispersed on said light-transmissive wall member.

165. The light—emitting device of claim 162, wherein the light-transmissive

wall member comprises polymer.

166. The light-emitting device of claim 162, wherein the light—transmissive

wall member comprises glass.

Again, Tabuchi states that the housing member 6 onto which the phosphor 7 is

dispersed can be made from glass or epoxy resin (Le. polymer):

Transparent cover 6 is made of a material such as glass or an epoxy resin...

(Tabuchi translation, pp. 3-4; emphasis added)

Proposed new claims 168 and 169 read,

168. The light—emitting device of claim 162, wherein the single~die light-

emitting diode comprises gallium nitride and its alloys.

169. The light—emitting device of claim 162, wherein the single-die light-

emitting diode comprises at least one of gallium nitride, indium gallium

nitride, aluminum gallium nitride, and plppginum gallium indium
nitride. '

 

Again, Nakamura teaches GaN-based LED and the use of Nakamura’s GaN—based,

blue-light-emitting LED in place of Tabuchi’s GaN-based LED is obvious for the

reasons indicated above, which applies here.

Proposed new claims 170 and 171 read,

170. The light—emitting device of claim 162, wherein the at least one single-

die gallium nitride based semiconductor blue light-emitting diode comprises

only; one single-die gallium nitride based semiconductor blue light-emitting
diode.

171. The light-emitting device of claim 162, comprising a light-emitting diode

lamp.

Tabuchi teaches only one single LED which renders claims 170 and 171 obvious.

7. Claims 118, 121-126, 128-134, 137-142, and 144-148 are rejected under 35

U.S.C. 103(a) as being unpatentable over Tabuchi in view of APA,‘Wanmaker,
Nakamura, and Martic.
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Proposed new claims 118 and 129 read,

118. A light-emission device, comprising

a single-die, two-lead gallium nitride based semiconductor blue light—

emitting diode emitting radiation; and

a recipient down-converting luminophoric medium for down-converting the

radiation emitted by the light-emitting diode, to a polychromatic white light,

wherein the iuminoghoric medium is dispersed in a polymer that is on or

about the single-die, twodead gaiiium nitride based semiconductor blue

light-emitting diode.

129. The light-emission device of ciaim 118, wherein the iuminophoric
medium comprises inorganic iuminophoric material.

Claim 118 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, p. 45). The GaN-based blue LED and the luminophoric medium made

from a mixture of inorganic phosphors was discussed above in the rejection over

Tabuchi in view of APA, Wanmaker, and Nakamura which applies equally to claim
118.

Thus the only difference is that there is no indication that the phosphoric mixture of

APA or Wanmaker is dispersed in a polymer that is on or about the GaN-based LED.

As noted above, Tabuchi teaches the phOSphor 7 is coated on the wall of the

transparent cover 6:

A phosphor layer 7 is provided by applying a binding agent in which a

phosphor to convert the radiation from light emitting semiconductor device 4

to visible light is dispersed on the inner surface of transparent cover 6.

Transparent cover 6 is made of a material such as glass or an epoxy resin is

preferably fixed to stem 1 so that it can also function as a cap for hermetic

seahng.

(Tabuchi translation, pp. 3-4; emphasis added)

Although Tabuchi does not indicate the identity of the binder, Martic teaches that it

has long been known (since 1973) to use organic resins (i.e. polymers) as binding
agents specifically for inorganic phosphors in the manufacture of luminescent
screens:

In still another aspect, this invention relates to screens comprising inorganic

phosphors wherein the binding agent for said phosphors comprises a

polyurethane elastomer alone or in combination with an alkyl

methacrylate resin in various ratio ranges.

(Martic, col. 1, lines 10-14; emphasis added)
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It would have been obvious to one of ordinary skill in the art, at the time of the

invention to diSperse APA or Wanmaker's inorganic phosphors in the polymeric

binding agent of Martic to make the phOSphor layer 7 in Tabuchi, because Tabuchi

is silent as to the binding agent for the phosphor, such that one of ordinary skill

would use known binders specifically used for inorganic phosphors that must emit

light.

This is all of the additional features of claims 118 and 129'.

Proposed new claims 121-126, 128, 132, and 133 read,

121. The fight-emission device of ciaim 118, comprising the iurninophoric

medium dispersed in a poizmer that is about the singie-die, two-iead

gaiiium nitride based semiconductor biue fight—emitting diode.

122. The fight—emission device of ciaim 118, comprising the singie—die, two-

iead gaiiium nitride based semiconductor biue Tight—emitting diode comprising

die side surface, and wherein the poizmer is in Iateraiiz spaced

relationship to said side die surface.

123. The fight-emission device of ciaim 122, wherein the poizmer is in

iateraiiz spaced facing relationship tg said side die surface.

124. The light-emission device of ciairn 118, comprising the singie-die, two-

iead gaiiium nitride based semiconductor biue light-emitting diode being

arranged to directig impinge radiation on the poizmer.

125. The fight-emission device of ciaim 118, comprising the singie-die, two-

iead gaiiium nitride based semiconductor biue fight—emitting diode and

poizmer being arranged without intermediate materiai therebetween.

126. The fight—emission device of Ciaim 118, comprising the iuminflophoric
medium being in a homogeneous composition.

128. The light-emission device of ciaim 118, comprising the iuminophoric

medium being on poizmer or glass.

132. The fight-emission device of ciaim 118, comprising a fight-emitting
diode iamp.

133. The fight-emission device of ciaim 132, wherein the fight-emitting diode

iamp comprises the singie-die gaiiium nitride based semiconductor biue iight-
emitting diode and inorganic iuminophpric materiai within an enciosure

comprising materiai that is light-transmissive of said white light.
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Each of the above features was discussed above in conjunction with the rejection of
claims 62, 63, 66—69, 74—80 over Tabuchi in view of APA, Wanmaker and

Nakamura, above, and applies here. .

Proposed new claims 130-131 read,

130. The ii

emitting dipde comprises gaiiiurn nitride and its aiiozs.

 

131. The fight-emission device of ciaim 118, wherein the singie—die iight-

emitting diode comprises at ieast one of gaiiium nitride, indium gaiiium

nitride, aiuminum gaiiium nitride, and aiuminum gaiiium indium nitride.

Each of the above features was discussed above in the rejection of claims 76-79

over Tabuchi in View of APA, Wanmaker and Nakamura, above, ’and applies here.

Proposed new claims 134 and 144 read,

134. A fight-emitting device, comprising:

at ieast one singie—die gaiiium nitride based semiconductor blue tight—

emitting diode (LED! coupieabie with a power suppiv to emit a primary

radiation which is the same for each singie-die LED present in the device,

said prim_ai_*y radiation being a reiativeig shorter wa veiength radiation; and

a down-converting iuminophoric medium arranged in receiving reiationship to

said primaifjg radiation, and which in exposure to said primary radiation, is

excited to_r_es,oonsiveiy emit a secondagg, reiativeiz ionger wavelength,

poizchromatic radiation, with separate waveiengths of said poizchromatic

radiation mixing to produce a white iight output,

wherein each of the at ieast one singie-die gaiiium nitride based

semiconductor biue fight—emitting diode in interaction with iuminophoric

medium receiving its primagg radiation produces white light output,

and wherein the iuminOpporic medium is dispersed in a poizmer that is

on or about the singie-die gaiiium nitride based semiconductor biue iight-

emitting diode.

 

144. The fight-emitting device of claim 134, wherein the iuminophoric

medium comprises inorganic iuminophpric materiai.

Each of the features of this claim has been discussed in conjunction with claims 5

(Tabuchi in view of APA), 62 (Tabuchi in view of APA, Wanmaker and Nakamura),

and 118 and 129, above and applies here.

Proposed new claims 137-142, 147, and 148 read,
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137. The light-emitting device of ciaim 134, comgrising the luminoghoric

megium disgersed in a polymer that is aggut the single-gie gaiiium
nitride based semiconductor blue light-emitting diode.

138. The light-emitting device of claim 134, comgrising the single-die gallium

nitride based semiconductor blue light-emitting diode comgrising die side

surface, and wherein the goizmer is in laterallz sgaced relationshig to
sai side die surface.

139. The light-emittingdevice of claim 138, wherein the polymer is in
laterallz sgaced facing reiationshig to said side die surface. _

140. The light-emitting device of claim 134, comgrising the single—die iight-

emitting diode being arranged to directlz imginge radiation on the goizmer.

141. The light-emitting device of claim 134, comprising the single-die light-

emitting diode and golvmer being arranged without intermediate material
therebetween.

142. The light-emitting device of claim 134, comgrising the iuminoghoric

medium being in a homogeneous composition.

147. The light-emission device of claim 134, comgrising a light-emitting

diode iamg.

148. The fight-emission device of ciaim 147, wherein the light-emitting diode

lamg comgrises the single-die gallium nitride based semiconductor blue light-

emitting diode and inorganic iuminoghoric material within an enclosure

comgrising material that is light-transmissive of said white light outgut.

Each of the above features was discussed above in conjunction with the rejection of

claims 63, 66—69, 74, 79, 80, and 162 over Tabuchi in view of APA, Wanmaker and

Nakamura, above, and applies here.

Proposed new claims 145 and 146 read,

145. The light-emitting device of claim 134, wherein the single-die light-

emitting diode comgrises gallium nitride and its ailogs.

146. The light-emitting device of claim 134, wherein the single-die light-

emitting diode comprises at least gne of gallium nitride, indium gallium

nitride, aluminum gailium nitride, and aiuminum gallium indium nitride.

Each of the above features was discussed above in the rejection of claims 76-78

over Tabuchi in view of APA, Wanmaker and Nakamura, above, and applies here.
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8. Claims 34, 35, 37—40 and 179 are rejected under 35 U.S.C. 103(a] as being

ungatentable over Tabuchi in view of APA and Nakamura as applied to claims 3,
4 34 and 38-40 above and furtherin view of Tadatsu.

Again, proposed new claims 34, 35, 37, and 179 read,

 

34. The fight-emitting device of dam 3, wherein the iuminoghoric medium
comprises an inorganic iuminoghor.

35. The fight—emitting device of claim 34, wherein the inorganic iuminoghor is

disgersed on or in a housing member.

37. The fight-emitting device of ciaim 34, wherein the inorganic iuminoghor is

within a housing member.

179. The fight-emitting device of ciaim 3, wherein the iuminoghori‘c medium

is contiguous to said semicondggtgr igser.

The prior art of Tabuchi in view of APA and Nakamura, as explained above,

discloses each of the features of claims 3, 4, 34, and 38—40.

Tadatsu teaches an alternative location for the phosphors. Tadatsu discloses a

packaged LED 11 wherein a primary radiation is down-converted by a luminophor 5

to a longer wavelength, and is therefore in the same field of endeavor as is

Tabuchi. Tadatsu also desires producing white light from a single LED. In this

regard, Tadatsu states,

[Constitution] A light emitting diode having a light emitting device on a stem,

the light emitting device being surrounded with a resin mold, wherein said

light emitting device is made of gallium nitride related compound

semiconductors which are expressed with a general formula of GaXA|1.,,N

' (where 05x51), and further wherein a fluorescent dye or pigment, which

is excited with emission light from said gallium nitride related .

compound semiconductors and which emits fluorescent light, is added
to said resin mold.

(Tadatsu translation, p. 1)

Tadatsu’s Fig. 2 (reproduced below) shows the packaged LED have two leads 2, 3

and a housing member (“resin mold" 4) .within which the iuminophor (“fluorescent

dye“ 5) is dispersed. Tadatsu also indicates that the luminophor can be organic or
inorganic:

[0003] Ordinarily, a resin with a large index of refraction and a high
transparency is selected for the resin mold 4, so that the emission light from

the light emitting device is efficiently emitted to the air. In other cases, an
inorganic or organic pigment is mixed as a coloring agent in the resin

mold 4 in order to convert or correct the emission color of the light emitting

device. For instance, when a red pigment is added to a resin mold around a
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green light emitting device having GaP semiconductor materials, its emission
color turns into white.

(Tadatsu translation 1] [0003]; emphasis added)

 
(Tadatsu, Fig. 2)

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to substitute the phosphor location used in Tabuchi with that location in

Tadatsu because it is substitution of known equivalents to produce predictable

results, as proven by Tadatsu. 50 modified, the luminophoric medium is in or within

a housing member and is contiguous with the laser diode of Tabuchi/Nakamura.

Evidence of predictable results comes from Tadatsu. Tadatsu shows that dispersing
the phosphor in a resin molded cap allows the primary radiation from the LED to be

converted by the phosphor to secondary radiation and that the wavelengths mix are

capable of mixing to produce white light. Thus, APA’s inorganic phosphors in the

resin housing member of Tadatsu would predictable produce white light when

Tabuchi/Nakamura's GaN—based laser is packaged as in Tadatsu.

9. Claims 3-5 12 13 21 22 26 62 63 66-72 74 76-79 100 101 104—110

112,114-116,118,121-126,128, 130-132I 134, 137-142,145—147, 162-1_Efi,

168-172, 178, 187, and 188 are rejected under 35 U.S.C. 103(al as being

ungatentable over Tabuchi in view of Pinnow and Nakamura. ,

The prior art of Tabuchi in view of Pinnow, as explained above, discloses each of the

features of claim 5, 22, 26, 172, and 187.

 

Claim 3 reads,

3. A light-emitting device, cemprising:

LOWE§ 1034, Page 113



TCL 1034, Page 114LOWES 1034, Page 114

Application/Control Number: 90/010,940 Page 112

Art Unit: 3992

a semiconductor iaser coupieabie with a power suppiy to emit a primary

radiation having a reiativeiy shorter wavelength outside the visible light

spectrum; and

a down-con verting iuminophoric medium arranged in receiving relationship to

said primary radiation, and which in exposure to said primary radiation

responsiveiy emits poiychromatic radiation in the visible light spectrum, with

different wavelengths of said poiychromatic radiation mixing to produce a

white iight output.

Claim 3 is distinguished from claim 1 in that (1) a semiconductor iaser is required

versus a single—die semiconductor LED; (2) the primary radiation is required to be

outside the visible light spectrum, as opposed to outside the visible white light

spectrum; and (3) the wording associated with the luminophoric medium.

With regard to differences (1) and (2), Tabuchi does not teach a semiconductor

laser that produces primary radiation outside the visible spectrum. Tabuchi does,

however, teach a GaN-based LED producing UV light which is outside the visible

light spectrum:

A light emitting semiconductor apparatus of the present utility model
invention is not limited to the structures and materials illustrated in the above

examples. For example, it goes without saying that a near UV light emitting

devices with GaN can be employed and that an ordinary UV-visible light
conversion phosphor can be utilized.

(Tabuchi translation, p. 5; emphasis added)

Nakamura teaches GaN-based LEDs and laser diodes (LDs) that emit both blue and

UV light. (In fact, one LED indicated as suitable in the ‘175 invention is a GaN LED

from Nichia Chemicals, to which Nakamura is assigned. See the '175 patent, col. 9,

lines 10-18. Thus, Patentee admits to using known GaN-based LED for the instant

invention.)

Nakamura indicates that GaN- based LED emitting light outside the visible white
iight spectrum are known in the art:

Jpn. Pat. Appln. KOKAI Publication No. 4-68579 discloses a double-

heterostructure having a p-type GaInN clad layer formed on an oxygen-

doped, n-type GaInN light-emitting layer. The emission wavelength of the

light-emitting device having this double-heterostructure is 365 to 406 nm.

(Nakamura, col. 2, lines 7-14; emphasis added)

UV light is light less than 400 nm as evidenced by the CRC Handbook, supra.

In regard to its LEDs and lasers, Nakamura states the following:
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The semiconductor device of the present invention includes a light-emitting

diode (LED) and a laser diode (LD).

(Nakamura, col. 4, lines 9-11)

It is still another object of the present invention to provide an ultraviolet to

red light—emitting device having a wavelength in the region of 365 to 620
nm.

(Nakamura, col. 2, lines 30-33; emphasis added)

FIG. 12 shows a structure of a laser diode 40 having a double-

heterostructure of the present invention.

The laser diode 40 has a double-heterostructure constituted by an impurity-

doped InxGa1-xN active layer 18 described abovein detail in association

with the light-emitting diode, and two clad layers sandwiching the active layer

18, Le, an n—type gallium nitride~based compound semiconductor layer 16

and a p-type gallium nitride-based compound semiconductor layer 20, as

described above. A buffer layer 14 described above in detail is formed on a

substrate 12 described above in detail. An n-type gallium nitride layer 42 is

formed on the buffer layer 14, providing a contact layer for an n-electrode
described below.

(Nakamura, col. 11, line 61 to col. 12, line 6; emphasis added)

Nakamura shows that the wavelength of the LED or LD can be controlled by

controlling the dopant:

In the light-emitting device of the present invention, when the value of x in

InxGaHN of the light-emitting layer is close to 0, the device emits ultraviolet

light. When the value of x increases, the emission falls in the longer-

wavelength region. When the value of x is close to 1, the device emits red

light. When the value of x is in the range of 0<x<0.5, the light-emitting

device of the present invention emits blue to yellow light in the wavelength
range of 450 to 550 nm.

(Nakamura, col. 4, lines 52-59; emphasis added)

Nakamura provides numerous examples of LEDs emitting blue light (Examples 1-28

at cols. 13-20) including an emission peak value at, inter alia, 400 nm (Nakamura,

col. 14, lines 64-65) at_405 nm (id., claim 18, line 67), 430 nm (id., col. 14, lines
51-52), and 480 nm (id., col. 13, lines 40—42).

The peak emission wavelength at 400 nm and 405 nm show that the LEDs of these

examples emit primarily ultraviolet light, as evidenced by the CRC Handbook.

Similarly, those LEDS having peak emission at 430 nm and 480 nm emit primarily
blue light.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to substitute Tabuchi’s GaN-based LED with either a UV-Iight-emitting

GaN-based LDs (claim 3) or a blue— or UV-light-emitting GaN-based LEDs (claim 5)
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disclosed in Nakamura. This can be seen as simple substitution of one known

element (Tabuchi’s GaN—based LED) for another known element (Nakamura’s GaN-

based LED or LD) to obtain predictable results and is one of the rationales identified

by the Supreme Court in KSR International Co. v. Teleflex Inc., 550 U.S. _,_,

82 USPQ2d 1385, 1395-97 (2007). (See MPEP 2143, Rationale B.)

The results are predictable because both Tabuchi's and Nakamura’s LED and LD

emit light in the same general region of the spectrum and are GaN-based, so the

LED and LD materials are essentially the same. In addition, Pinnow teaches that the
wavelength of light need only be shorter than 495 nrn (4950 3A) to be effective to be
converted by the mixture of phosphors to white light. Moreover, Pinnow uses both

blue and UV laser light, thereby indicating that it is the wavelength of light and not

whether the primary radiation is coherent or incoherent that matters.

In regard to the predictability, as already noted above, Pinnow teaches that any

wavelength of primary radiation can be down-converted by the mixture of

phosphors to produce white light so long as the wavelength is less than 4950 )1
(495 nm):

Regardless of how many phosphors are used, it is apparent from the

chromaticity diagram that a necessary condition for achieving a true white is

that the illuminating laser beam have a wavelength of approximately

4,950 A. or shorter. Otherwise, it is impossible to include illuminant C

within a polygon whose primaries are the source and any combination of

longer wavelengths that can be achievedby down-conversion of frequency.

Fortunately, the argon-ion laser satisfies this necessary condition.

(Pinnow, col. 3, lines 24-55; emphasis added)

(It is noted that Pinnow uses “A." for “angstrom”, which is properly, instead, )3.)

Thus, Pinnow teaches those of ordinary skill that shifting the peak maximum of the

LED in Tabuchi from'UV to blue (slightly longer wavelength)”, by using one of

Nakamura’s GaN-based LD or LED (inventive or known) would yield entirely

predictable results of white light emission with the down-converting phosphor

mixture. The predictability results from using Nakamura’s LEDs that emit light (UV

or blue) having a wavelength of less than 4950 A (495 nm).

Claim 4 reads,

4. A light-emitting device according to claim 3, wherein said semiconductor

laser includes an active material selected from the group consisting of III-V
alloys and II-i/I alloys.

Nakamura’s LED and LD are made from InGaN which is a group III-V alloy. Thus,
substitution of Tabuchi's LED with Nakamura's LD, as discussed above, results in

the laser including group III-V alloy.
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Regarding claim 5, there is no requirement that the primary radiation is outside
the visible white light spectrum, but substituting Tabuchi's GaN-based LED that
emit either blue light or UV light with Nakamura’s GaN—based LED still teaches all of
the features of claim 5 because the secondary radiation emitted by the phosphor

mixture of Tabuchi/Pinnow would be still white light, as evidenced by Pinnow.

Regarding claims 12 and 13, Nakamura, like Stevenson, fabricates the LED on

sapphire substrates (Nakamura, col. 12, line 42) and the LEDs are multilayered

(Nakamura‘s Figs. 1, 11, 12), so substitution of Tabuchi’s GaN LED with the GaN—

based LEDs in Nakamura, still reads on the features of claims 12 and 13.

Proposed amended claim 21 reads,

21. A fight-emitting device according to ciaim 5, wherein each singie-die

semiconductor LED present in the device comprises a singie»die, two—iead
gaiiium nitride based biue iight semiconductor LED.

Both Tabuchi and Nakamura disciose that the LEDs have two leads. Substitution of

Tabuchi’s UV-Iight-emitting GaN LED with Nakamura’s blue—light—emitting GaN-

based LED is obvious for the reasons expressed above.

Regarding claim 22, both Tabuchi and Nakamura disclose that the LEDs have two
leads. Thus again, substitution of Tabuchi‘s GaN LED with those in Nakamura, still
teaches the features of claim 22.

Regarding claim 26, substitution of Tabuchi's GaN LED with those in Nakamura,
still teaches the features of claim 26.

Regarding claim 172, substitution of Tabuchi’s GaN LED with those in Nakamura,

still results in the secondary, down-converted radiation having a broad Spectrum of

frequencies, because white light is produced, as evidenced by Pinnow.

Proposed new claim 62 reads,

62. A fight-emitting device, comprising:

at least one singie—die gallium nitride based semiconductor blue light-

emitting diode (LED) coupieabie with a power suppiv to emit a primag:

radiation which is the same for each singie-die'LED present in the device,

said primafl radiation being a reiativeiz shorter wavelength biue iight
radiation ' and

a gown-converting iurninophoric medigrn arranged in receiving reiationship to

said primagg radiation, and which in exposure to said primagg radiation, is

excited to responsiveiy em_i_t_a secongamreiativeiz longer waveiength,

poivchromatic radiation, with separate waveiengths of said poizchromatic

radiation mixing to produce a white iight output, wherein each of the at least
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one singie-die gaiiium nitride based semiconductor biue light-emitting diode

in interaction with iuminoghoric medium receiving its primary radiation

|produces white iight output,

and wherein the tight—emitting device comprises one or more compatibie

characteristics seiected from the group consisting of:

(i) the iuminoghoric medium being arranged about the singie-die light-

emitting diode;

(ii) the iuminoghoric medium being contiguous to the singie-die iight-

emitting diode;

 iii the sin iE-die ii

luminoghoric medium being in iateraiiy sgaced reiationshig to said side
ace '

(iv) the iuminoghoric medium being dispersed in goizmer or glass; and

(v) the iuminoghoric medium being on goizmer or giass.

Claim 62 is coextensive with claim 5, as indicated by Patentee (Remarks dated

3/26/2012, pp. 28-29). Claim 62 is distinguished from claim 5 in (l) the LED is

required to be a blue—light-emitting GaN—based LED and (2) the one or more

compatibie characteristics. The substitution of Tabuchi’s UV—Iight-emitting GaN—

based LED with Nakamura’s blue-light-emitting GaN-based LEDs was discussed

above and is obvious for the same reasons. Tabuchi’s Fig. 1 shows the Iuminophoric

medium (phosphor 7) is (i) about the LED, (iii) laterally spaced from the side

surface of the LED, and (v) on polymer or glass, as Tabuchi's transparent cover 6 is
made from plastic or glass.

In addition, Pinnow teaches that the phosphor mixture meets either of iv and v:

In this description, use will be made of the term “colorant" or "organic
colorant." It is to be understood that this term includes photoluminescent

organic dyes and pigments. Pigments are particularly useful and may be

formed by dissolving a dye in an organic resin solution [i.e. a polymer]
which is subsequently condensed. It is known that luminescent efficiency

in certain cases may be enhanced if the dye is absorbed on a colloid which

may take the form of gell [sic] fibers or particles of high molecular weight
polymers.

(Pinnow, paragraph bridging cols. 1~3; emphasis added)

The invention is broadly premised on the use of such organic colorants.

Monochromatic displays result from use of homogeneous phosphor

screens. These may be present as self—suggorting membggg or as
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coatin s, and they may be made up on one or any combination of

colorants required to produce the desired balance.

(Pinnow, col. 2, lines 15-20; emphasis added)

Proposed new claims 63, 66-72, and 74 read,

63. The fight—emitting device of ciaim 62, comgrising the iuminoghoric

medium being arranged about the singie-o'ie fight-emitting diode.

66. The fight-emitting device of ciaim 62, gomgrising the single-die light-

emitting diode comgrising side die surface, and the iuminoghoric medium

being in iateraiiz sggced reiationghig to sgid side dig sufiacg.

67. The fight-emitting device of ciaim 66, wherein the iuminoghoric medium
' ' iateraii s aced faci a in s i a said side die surface.

68. The fight-emitting device'of ciaim 62, comgrising the singie-die iight-
emitting diode being arranged to directiz imginge grimarz radiation on

the iuminoghoric medium. 1

69. The fight—emitting device of ciaim 62, comgrising the singie-die iight-

emitting diode and iuminoghoric medium being arranged without
intermediate materiai therebetween.

70. The fight-emitting device of ciaim 62, comgrising the iuminoghoric

medium being disgersed in goigmer or glass.

71. The light—emitting device of claim 70, comgrising the iuminoghoric

medium being gisgersed in goizmer about the singie-die fight-emitting

digde.

72. The tight-emitting device of ciaim 70, comgrising the iuminoghoric

medium being in a homogeneous comgosition.

74. The light-emitting device of ciaim 62, comgrising the iuminoghoric
medium being on goizmer or glass.

As discussed above, Pinnow teaches that the phosphor can be homogeneously

dispersed in a resin (Le. polymer) to make a coating or self-supporting member,

and Tabuchi discloses that the phOSphor 7 is a coating on the transparent cover 6
which can be made of polymer or glass.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Pinnow's phosphor mixture as Tabuchi’s any “ordinary UV-visible

light conversion phosphor” layer 7 for the reasons indicated above. So places, the
orientation shown in Tabuchi's Fig. 1 discloses each of the features of claims 63,

66—72, and 74.
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Proposed new claims 76-78 read,

76. The fight-emitting device of ciaim 62, wherein the singie—die iight-

emitting diode comgrises gaiiium nitride and its aiiozs.

77. The iight-emitting device of ciaim 62, wherein the singie-die iight-

emitting diode comgrises at ieast one of gaiiium nitride, indium gaiiium

nitride, aiuminum gaiiium nitride, and aiuminum gaiiium indium nitride.

78. The fight-emitting device of claim 62,,_wherein the at ieast one singie—die

gaiiium nitride based semiconductor biue fight—emitting diode comgrises oniz

one singie-die gaiiium nitride based semiconductor biue fight-emitting diode.

As indicated above, Nakamura teaches GaN and its alloys make the blue-light-

emitting LEDs; thus, modification of Tabuchi to use Nakamura’s LEDs already
includes the features of these claims.

Proposed new claim 79 reads,

79. The fight-emitting device of ciaim 62, comgrising a fight-emitting diode

iamg.

Tabuchi alone or as modified according to Nakamura includes a single LED and
' therefore includes a lamp. -

Proposed new claim 100 reads,

100. A fight-emission device, comgrising

a singie-die, two-iead gaiiium nitride based semiconductor biue iight—

emitting diode emitting radiation; and

a recigient down-converting iuminoghoric medium for down-converting the

radiation emitted by the fight—emitting diode, to a goizchromatic white iight,

wherein the fight-emission device comprises one or more comgatibie

characteristics seiected from the groug consisting of:

(ii the iuminoghoric medium being arrgnged about the singie—die iight-
emitting diode ,'

(iii the iuminoghoric medium being contiguous to the singie-die iight-

emitting diode;

 iii the sin ie-die ii ht-emittin diode com risin side surface and the

iuminoghoric medium being in iateraiiz sgaced reiationshig to said side
3C8 ’
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(iv) the luminoghoric medium being diSpersed in ppizmer gr glass; and

(v) the iuminophoric medigm peing gn polzmer or glass.

Claim 100 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, pp. 40-41). Claim 100 differs from claim 26 in the same ways that

claim 62 is distinguished from claim 5. Therefore ciaim 100 is obvious for the same

additional reasons as indicated above in conjunction with claim 62.

Proposed new claims 101, 104-110, and 112 read,

101. The light-emission device of claim 100: comprising the luminophoric

medium being arranged about the single-die light-emitting diode.

104. The light-emission device of claim 100, comprising the single-die light-

emitting diode comprising side die surface, and the luminophoric medium

being in laterally spaced relationship to said side die surface.

105. The light-emission device of claim 104, wherein the luminophoric

medium is in iateraiig spaced facing relationship to said side die

sedate.

106. The light—emission device of claim 100, comprising the single-die light»

emitting diode being arranged to directly impinge primafx radiation on the

luminophoric medium.

107. The light-emission device of claim 100, comprising the single-die light-

emitting diode and iuminophoric medium being arranged without
intermediate material therebetween.

108. The light-emission device of claim 100I comprising the iuminophoric

medium being dispersed in polymer or glass

109. The light-emission device of claim 108, comprising the luminophoric

medium being dispersed in poizmer about the single—die light-emitting
diode.
 

110. The. light-emission device of ciaim 100, comprising the luminophoric

medium being in a homogeneous composition.

112. The light-emission device of claim 100, comprising the luminophoric

medium being on polymer or glass.

Each of the above features was discussed above in conjunction with claims 63, 66-

72, and 74 and applies here.

Proposed new claims 114-116 read,
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114. The light-emission device of claim 100, wherein the single-die light-

emitting diode comgrises gallium nitride and its allovs.

1'15. The light-emission device of claim 100, wherein the single-die light-

emitting diode comgrises at least one of gallium nitride, indium gallium

nitride, aluminum gallium nitride, and aluminum gallium indium nitride.

116. The light-emission device of claim 100, comgrising a light-emitting

We

Each of the above features was discussed above in conjunction with claims 76-79

and applies here.

Proposed new claim 118 reads,

118. A light-emission device, comprising

a single—die, two—lead gallium nitride based semiconductor blue light-

emitting diode emitting radiation; and

a recigient down-converting luminoghoric medium for down-converting the

radiation emitted by the light-emitting diode, to a golzchromatic white light,

wherein the luminoghoric medium is disgersed in a golzmer that is on or

about the single-die, two-lead gallium nitride based semiconductor blue

light-emitting diode.

Claim 118 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, p. 45). Claim 118 differs from claim 26 in the same ways that claim 100

is distinguished from claim 26, except the compatible characteristics are as

highlighted in bold. As noted above, Pinnow teaches these features and the
combination remains obvious for the same reasons as indicated above.

Proposed new claims 121-126 and 128 read,

121. The light—emission device of claim 118, comgrising the luminoghoric

medium disgersed in a golzmer that is about the single-die, two-lead

gallium nitride based semiconductor blue light-emitting diode.

122. The light-emission device of claim 118, comprising the single-die, two-

lead gallium nitride based semiconductor blue light-emitting diode comgrising
die side surface, and wherein the polymer is in laterally sgaced

relationshig to said side die surface.

123. The light-emission device of claim 122, wherein the golzmer is in

laterally sgaced facing relationshig to said side die surface.
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124. The light-emission device of claim 118, comprising the singie-die, two-

iead gaiiium nitride based semiconductor biue fight-emitting diode being

arranged to directiz impinge radiation on the poizmer.

125. The fight-emission device of ciaim 118, comprising the singie-die, two—
iead gaiiium nitride based semiconductor biue fight-emitting diode and

polymer being arranged withgut intermediate i'nraterialr therebetween.

126. The fight—emission device of ciaim 118, comprising the iuminophoric

medium being in a homogeneous composition.

128. The tight-emission device of ciairn 118, comprising the iuminophoric

medium being on poizmer or giass.

Each of the above features was discussed above in conjunction with claims 63, 66—

72, and 74 and applies here.

 

Proposed new claims 130-132 read,

130. The Light—emission device of claim up, wherein the singie-die tight-

emitting diode comprises galiium nitride and its aiiogs.

131. The ii tit-emission device of claim 11 wherein the sin ie-die ii ht-

emitting diode comprises at ieast one of gaiiium nitride, indium gaiiium

nitride, aluminum gaiiium nitride, and aiuminum gaiiium indium nitride.

132. The fight-emission device of ciaim 118, comprising a light-emitting

diode iamp. -

     

Each of the above features was discussed above in conjunction with claims 76-79

and applies here.

Proposed new claim 134 reads,

134. A fight-emitting device, comprising:

at ieast one singie—die gaiiium nitride based semiconductor biue iight-

emitting diode (LE-‘02 coupieabie with a power suppiz to emit a primacy

radiation which is the same for each singie-die LED present in the device,

said primacy radiation being a reiativeiz shorter wa veiength radiation; and

a down-converting iuminophoric medium grranged in receiving reiationship to

said primacy radiation. and which in exposure to said primarl radiation, is

excited to responsiveig emit a secondapv, reiativeiz ionger wavelength,

poigchromatic radiation, with separate waveiengths of said poizchromatic

radiation mixing to produce a white light output,
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. wherein each of the at ieast one singie-die gaiiium nitride based

semiconductor biue fight-emitting diode in interaction with iuminophoric

medium receiving its primapv radiation produces white iight output,

and wherein the iuminopfloric medium is dispersed in a poizmer that is
on or about the singie-die gaiiium nitride based semiconductor biue iight-

emitting diode.

Each of the features of this claim has been discussed in conjunction with claims 5,

62, and 118, above and applies here.

Proposed new claims 137-142 read,

137. The fight-emitting dgvice of ciaim 134, comprising the iuminophoric

medium dispersed in a poizmer that is about the singie-die gaiiium

nitride based semiconductor biue fight-emitting diode.

138. The fight-emitting device of ciaim 134, comprising the singie-die gaiiium

nitride based semiconductor biue fight-emitting diode comprising die side

surface, and wherein the poizmer is in iateraiiz spaced relationship to
said side die surface.

139. The fight-emitting device of ciaim 138, wherein the poizmer is in

igtgraiiz spaced facing relationship to paid side die surface.

140. The fight-emitting device of ciaim 134, comprising the singie-die iight-

emitting diode being arranged to directiz impinge radiation on the poivmer.

141. The fight-emitting device of ciaim. 134, comprising the singie-die iight-
emitting diode and poizmer being arranged without intermediate material

there-between.

142, The fight-emitting device of ciaim 134, comprising the iuminophoric

medium being in p hpmogeneous composition.

Each of the above features was discussed above in conjunction with claims 63, 66-

- 72, and 74 and applies here.

Proposed new claims 145-147 read,

145. The fight-emitting device of ciaim 134, wherein the singie-die fight-

emitting diode comprises gaiiium nitride and its aiiovs.

146. The fight—emitting device of ciaim 134, wherein the singie-die iight-

emitting diode comprises at ieast one of gaiiium nitride, indium gaiiium

nitride, aiuminum gaiiium nitride, and aiuminum gaiiium indium nitride.
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147. The fight—emission device of ciaim 134, comprising a fight—emitting

diode iamp.

Each of the above features was discussed above in conjunction with claims 76—79

and applies here.

Proposed new claim 162 reads,

162. A fight-emitting device, comprising:

a; ieast one singie-die gaiiium nitride based semiconductor biue iight-

emitting diode (LED) coupieabie with a power suogiv to emit a primary

radiation which is the same for each singie-die LED present in the device,

said primary radiation being a reiativeix shorter waveiength biue iight
radiation ' and 

a down-converting luminophoric medium arranged in receiving relationship to

said primary radiation, and which in exgosure to said primacy radiation, is

excited to responsiveiz emit a secondary, reiativeiz ionger waveiength,

goizchromatic radiation, with separate wavelengths of said goizchromatic

radiation mixing to produce a white iight output,

wherein each singie-die gaiiium nitride based semiconductor blue iight~

emitting diode in interaction with iuminoghon‘c medium receiving its primary

radiation produces white iight cutout,

and wherein said at least one singie-die gaiiiurn nitride based semiconductor

blue fight-emitting diode is in a housing comprising a light-transmissive

wailr member in sgaced relationshig to said at ieast one single-die gaiiium

nitride based semiconductor biog fight-emitting diode,

and wherein sai mino boric m ium is dis arsed in r on said

light-transmissive waii member.

Claim 162 is coextensive with claim 26, as indicated by Patentee (Remarks dated

3/26/2012, pp. 58-59). Claim 162 differs from claim 5 in requiring the LED be a
GaN-based blue-light—emitting LED and the orientation of the luminophoric medium

in or on a light-transmissive wall member.

As noted above in this rejection, the substitution of Tabuchi’s GaN-based LED with

Nakamura’s GaN—based LED is obvious. Also as noted above in conjunction with

claims 63, 66-72, and 74, the light-transmissive wall member 6 having a phosphor
coating 7 thereon in spaced relationship to the LED 4 is taught by Tabuchi. Thus, all

of the additional features of claim 162 are obvious for the reasons already
discussed above.

Proposed new claim 163 reads,
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163. The light—emitting device of claim 162, wherein said iuminophoric
medium is dispersed in said iight-tragsmissive wail member.

Although Tabuchi does not teach that the phosphor 7 can be dispersed in the wall
member 6, Pinnow teaches that a phosphor mixture dispersed in organic resin (i.e.

polymer) can be used to make a self-supporting member. Again Pinnow states,

In this description, use will be made of the term"'colorant" or "organic

colorant." It is to be understood that this term includes photoluminescent

organic dyes and pigments. Pigments are particularly useful and may be

formed by dissolving a dye in an organic resin solution [i.e. a polymer]

which is subsequently condensed. It is known that luminescent efficiency

in certain cases may be enhanced if the dye is absorbed on a colloid which

may take the form of gell [sic] fibers or particles of high molecular weight

polymers.

(Pinnow, paragraph bridging cols. 1-3; emphasis added)

The invention is broadly premised on the use of such organic colorants.

Monochromatic displays result from use of homogeneous phosphor

screens. These may be present as self-supporting members or as

coatings, and they may be made up on one or any combination of

colorants required to produce the desired balance.

(Pinnow, col. 2, lines 15-20; emphasis added)

Thus, the phosphors may be dispersed in a polymer whether the polymer is coated

made into a coating or formed into a “self-supporting member".

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to form Pinnow‘s phosphor mixture into a self-supporting member in the

form of Tabuchi’s wall member 6 because Pinnow teaches that the phosphor

mixture functions for the same purpose whether it is in the form of a coating or a

self-supporting member (id). As such, Pinnow tells those of ordinary skill that it is

a matter of design choice to form the phosphor mixture in resin as a self-supporting

member or as a coating. Therefore, one of ordinary skill can see the Tabuchi’s

phosphor coating 7 on the wall member 6 can be consolidated into a self—

supporting member having the phosphor dispersed therein.

This “design choice” is substantially rationale B: simpie substitution of one known

element for another (MPEP 2143). Pinnow proves the predictability because Pinnow

teaches that both forms of the phosphor mixture in resin (coating or self-supporting

member) function to down—convert blue or UV primary radiation into polychromatic
secondary radiation that mixes to produce white light.

This is all of the features of claim 163.

Proposed new claims 164-166 read,
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164. The fight-emitting device of ciairn 162, wherein said iuminophoric

medium is dispersed on said alight—transmissive waii member.

165. The light—emitting device of ciaim 162, wherein the fight-transmissive

waii member comprises poizmer.

166. The fight-emitting device of ciaim 162, wherein the fight-transmissive

waii member comprises glass.

Again, Tabuchi states that the housing member 6 onto which the phosphor 7 is

dispersed can be made from glass or epoxy resin (i.e. polymer):

Transparent cover 6 is made of a material such as glass or an epoxy resin...

(Tabuchi translation, pp. 3-4; emphasis added)

Proposed new claims 168 and 169 read,

168. The fight-emitting device of ciaim 162, wherein the singie-die iight-

emitting diode comprises gaiiium nitride and its aiiozs.

169. The fight—emitting device of ciaim 162, wherein the single-die iight-

emitting dipde comprises at ieast one of gaiiium nitride, indium gaiiium

nitride, aluminum gaiiium nitride, and aiupginum gaiiium indium

amide;

Again, Nakamura teaches GaN-based LED and the use of Nakamura's GaN-based,

blue-Iight-emitting LED in place of Tabuchi's GaN-based LED is obvious for the

reasons indicated above, which applies here.

Proposed new claims 170 and 171 read,

170. The light-emitting device of ciairn 162, wherein the at ieast one singie-

die gaiiium nitride based semiconductor biue fight-emitting diode comprises

oniz one singie-die gaiiium nitride based semiconductor biue fight-emitting
diode.

1 71. The fight-emitting device of Ciaim 162, comprising a fight-emitting diode

lamp.

Tabuchi teaches only one single LED which renders claims 170 and 171 obvious.

Proposed new claim 178 reads,

178. A fight-emitting device, comprising:

a singie-die gaiiium nitride based semiconductor biue iigh -emitting diode
LED cou ieabie with a ower so i to emit a rima radiation said
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primary radiation being a reiativeig shorter waveiength blue light radiation;

M

a down—converting iuminoghoric medium arranged in receiving reiationshig to

said grimag: radiation, and which in exgosure to said grimagg radiation, is

excited to resgonsiveiv emit a secondary, reiativeiv ionger wavelength,

goigchromatic radiation, with segarate waveiengths of said goizchromatic

radiation mixing to groduce a white iight outgut.

Patentee indicates that claim 178 is claim 5 with the exception that the terminology
“at least one" has been removed and that the LED is now limited to a GaN-based

blue-light emitting diode (Patentee’s Remarks dated 3/26/2012, p. 63). For the
same reasons as indicated above, it would be obvious to use Nakamura’s blue GaN-

based LED in place of Tabuchi’s UV GaN-based LED. This is all of the features of
claim 178.

Regarding claim 187, substitution of Tabuchi’s GaN LED with those in Nakamura,

still results in the secondary, down-converted radiation having a broad Spectrum of

frequencies, because white light is produced, as evidenced by Pinnow.

Proposed new claim 188 reads,

188. The fight-emitting device of ciaim 187, wherein the fight-emitting diode

is ogerative to emit biue iight.

Nakamura discloses biue-Iight—emitting LED, so this claim is obvious for the same

reasons as claims, 1, S, 26, 178, and 187, as discussed above.

10. Claims 64 65 73 102 103 111 119 120 127 135 136 and 143 are

rejected under 35 U.S.C. 103(a) as being unpatentable over Tabuchi in view of

Pinnow and Nakamura as applied to claims 62,72, 100, 110, 118, 126, 134, and
142 above and further in View of Tadatsu.

Again, proposed new claims 64, 65, 73, 102, 103, 111, 119, 120, 127, 135, 136,

and 143 read,

64. The fight-emitting device of ciaim 62, comprising the iuminoghoric

medium being contiguous to the singie-die fight—emitting diode.

65. The fight—emitting device of ciaim 64, gomgn‘sing the singie—die iight-
emitting diode comgrising side die surface, and the iuminoghoric medium

being contiguous to thg side die surface.

73. The fight-emitting device of ciaim 72, wherein the homogeneous

comgosition is contiguous to the singie die fight-emitting diode.
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102. The fight-emission device of ciaim 100, comgrising the iuminoghoric

medium being contiguous to the singie-die fight-emitting diode.

103. The light-emission device of ciaim 102, comgrising the singie-die iight-

emitting diode comgrising side die surface, and the iuminoghoric medium

being contiguous Lg the side die surface.

111. The fight-emission device of ciaim 110, wherein the homogeneous

comgosition is contiguous to the singie-die tight-emitting diode.

119. The fight-emission device of ciaim 118, comgrising the iuminoghoric

medium disgersed in a goizmer thgt is on the singie—die, two-iead gaiiium

nitride based semiconductor biue fight-emitting diode.

120. The iight-emissioflevice of ciaim 119, comgrising the singie-die, two-

iead gaiiium nitride based semiconductor biue fight-emitting diode comgrising

die side surface, and wherein the goizmer is contigugus to the die side
surface.

127. The light-emission device of ciaim 126, wherein the homogeneous

comgosition is contiguous to the singie—die light-emitting diode.

135. The fight-emitting device of ciaim 134, comgrising the iuminoghoric

megium disgerged in a ggizmer that is on the singie—die gaiiium nitride

based semiconductor biueflgfiit- emitting_diode.

 

136. The fight-emitting device of ciaim 135, comprising the single-die gaiiium

nitride based semiconductor biue iigh -emitting diode comgrising die side

surfgce, and wherein the goizmer is contiguous to the die side surfage.

143. The fight-emitting device of ciaim 142, wherein the homogeneous

comgosition is contiguous to the singie-die fight-emitting diode.

The prior art of Tabuchi in view of Pinnowr and Nakamura, as explained above,

discloses each of the features of claims 62, 72, 100, 110, 118, 126, 134, and 142.

Tadatsu teaches an alternative location for the phosphors. Tadatsu discloses a

packaged LED 11 wherein a primary radiation is down—converted by a luminophor 5

to a longer wavelength, and is therefore in the same field of endeavor as is

Tabuchi. Tadatsu also desires producing white light from a single LED. In this

regard, Tadatsu states,

[Constitution] A light emitting diode having a light emitting device on a stem,
the light emitting device being surrounded with a resin mold, wherein said

light emitting device is made of gallium nitride related compound

semiconductors which are eXpressed with a general formula of GaxAI1-xN

(where 05x51), and further wherein a fluorescent dye or pigment, which
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is excited with emission light from said gallium nitride related

compound semiconductors and which emits fluorescent light, is added
to said resin mold.

(Tadatsu translation, p. 1)

Tadatsu's Fig. 2 (reproduced below) shows the packaged LED have two leads 2, 3
and a housing member (“resin mold" 4) within which the luminophor (“fluorescent

dye” 5) is dispersed. Tadatsu also indicates that the luminophor can be organic or

inorganic:

[0003] Ordinarily, a resin with a large index of refraction and a high

transparency is selected for the resin mold 4, so that the emission light from

the light emitting device is efficiently emitted to the air. In other cases, an

inorganic or organic pigment is mixed as a coloring agent in the resin
mold 4 in order to convert or correct the emission color of the light emitting

device. For instance, when a red pigment is added to a resin mold around a

green light emitting device having GaP semiconductor materials, its emission
color turns into white.

(Tadatsu translation 1] [0003]; emphasis added)

 
  4!ll"

   \\\  
‘V§\ -at "ream
 

(Tadatsu, Fig. 2)

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to substitute the phosphor location used in Tabuchi with that location in

Tadatsu because it is substitution of known equivalents to produce predictable

results, as proven by Tadatsu. 80 modified, the luminophoric medium is in or within

a housing member and is contiguous with the LED of Tabuchi/Nakamura.

Evidence of predictable results comes from Tadatsu. Tadatsu shows that dispersing

the phosphor in a resin molded cap that is contiguous with all sides of the LED

allows the primary radiation from the LED to be converted by the phosphor to

secondary radiation and that the wavelengths mix are capable of mixing to produce

white light. Thus, APA’s inorganic phosphors in the resin housing member of
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Tadatsu would predictable produce white light when Tabuchi/Nakamura's GaN-

based laser is packaged as in Tadatsu.

11. Claims 5, 11-13, 22, 26, 172, 173, 187, and 188 are rejected under 35

U.S.C. 103(a) as being unpatentable over Tabuchi in view of Pinnow and
em...

The prior art of Tabuchi in view of Pinnow, as explained above, is believed to

disclose each of the features of claim 5, 12, 13, 22, 26, 172, 173, and 187.

Tabuchi does not teach a LED made one SiC substrate (claims 11 and 12) or from

including specifically SiC LED structure layers (claim 12 and 13).

Edmond discloses LEDs made on a SiC substrate having a multilayered device

structure, wherein the layers include SiC, said Sic-based LEDs have peak maximum

at several ranges in the blue wavelength spectrum:

The present invention comprises a light emitting diode formed in silicon

carbide and that emits visible light having a wavelength of between about
475-480 nanometers, or between about 455-460 nanometers, or

between about 424-428 nanometers. The diode comprises a substrate of

alpha silicon carbide having a first conductivity type and a first epitaxial

layer of alpha silicon carbide upon the substrate having the same

conductivity type as the substrate. A second epitaxial layer of alpha

silicon carbide is upon the first epitaxial layer, has the opposite conductivity

type from the first layer, and forms a p-n junction with the first epitaxial

layer.

(Edmond, abstract; emphasis added)

It would have been obvious to one of ordinary skill in the art, at the time of the
invention to substitute Tabuchi’s GaN—based LED with the Sic-based LED disclosed

in Edmond. This can be seen as simple substitution of one known element

(Tabuchi’s GaN-based LED) for another known element (Edmond's Sic-based LED)

to obtain predictable results (as evidenced by Pinnow) and is one of the rationales

identified by the Supreme Court in KSR International Co. v. Teleflex Inc, 550 U.S.

___,_, 82 USPQ2d 1385, 1395-97 (2007). (See MPEP 2143, Rationale B.)

Both Tabuchi’s and Edmond’s LEDs emit light in the same general region of the

spectrum (i.e. UV light), so even though the materials from which the LED are

made are different, it is the wavelength of light emitted that counts, and Pinnow

teaches that the wavelength of light need only be shorter than 495 nm (4950 A) to
be effective'to be converted by the mixture of ph05phors to white light.

In regard to the predictability, as already noted above, Pinnow teaches that any
wavelength of primary radiation can be down-converted by the mixture of

LOWE§ 1034, Page 131



TCL 1034, Page 132LOWES 1034, Page 132

Application/Control Number: 90/010,940 - Page 130

Art Unit: 3992

phosphors to produce white light so long as the wavelength is less than 4950 A
(495 nm):

Regardless of how many phosphors are used, it is apparent from the
chromaticity diagram that a necessary condition for achieving a true white is

that the illuminating laser beam have a wavelength of approximately

4,950 A. or shorter. Otherwise, it is impossible to include illuminant C

within a polygon whose primaries are the source and any combination of

longer wavelengths that can be achieved by down-conversion of frequency.

Fortunately, the argon-ion laser satisfies this necessary condition.

(Pinnow, col. 3, lines 24-55; emphasis added)

(It is noted that Pinnow uses “A." for “angstrom”, which is properly, instead, A.)

Because Tabuchi’s and Edmond’s LED emit light in the same general region of the

emission spectrum, blue-to-UV light, substituting a .UV-light-emitting GaN-based

LED with a blue-light-emitting Sic-based LED would yield predictable results in

producing emission of white light with the down-converting phosphor mixture. The

predictability results from using LEDs that emit light having a wavelength of less
than 4950 ii (495 nrn), as evidenced by Pinnow.

Tabuchi modified by Edmond to use Edmond's SiC LEDs therefore teaches each of
the features of claims 5 and 11-13 as follows.

Regarding claim 5, there is no requirement that the light be outside the visible

white light spectrum, but substituting Tabuchi’s LED with those of Edmond would

still read on claim 5 because the secondary radiation emitted by the phosphor

mixture of Tabuchi/Pinnow would be white light.

Proposed amended claims 11 and 12 and claim 13 read,

11. A tight—emitting device according to ciaim 5, wherein each singie-die

semiconductor LED present in the device is on a substrate in a muitiiayer

device structure, and wherein said substrate comprises silicon carbide.

12. A light-emitting device according to ciaim 5, wherein each singie-die

semiconductor LED present in the device w a substrate in a muitiiayer

device structure, and wherein said substrate comprises a materiai seiected

from the group consisting of sapphire, Sic, and InGaAIN.

13. A tight-emitting device according to ciaim 12, wherein said muitiiayer

device structure inciudes layers seiected from the group consisting of siiicon

carbide, aiuminum nitride, gaiiium nitride, gaiiium phosphide, germanium

carbide, indium nitride, and their mixtures and aiioys.

As shown in Edmond’s abstract, above, and Edmond's Figs. 1-8, the substrate is

Sic and the device layers include SiC.
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The features of claims 22, 172, and 173 have been discussed above in conjunction

with the rejection over Tabuchi in view of Pinnow and are not changed by the
addition of Edmond.

Claims 26, 187, and 188 are obvious for the same reasons as discussed above in

conjunction with claims 5 and 11-13 in that Edmond teaches a SiC blue—light—

emitting LED, and the use of Edmond’s LED in place of Tabuchi's is obvious.

E. Menda as a base reference

1. Claims 1, 3, 5, 22, and 26 are rejected under 35 U.S.C. 102(b1 as being

anticipated by Menda, as evidenced by any of Penguin, Fundamentals of

Photonics, Morkog, Abe, Tadatomo and LEDLASER.

Proposed amended claim 1 reads,

[1] 1. A iight emitting device, comprising:

[2] at ieast one singie-die semiconductor tight-emitting diode (LED)

coupieabie with a power suppiy to emit a primary radiation [3] which is the

same for each single-die semiconductor LED present in the device, [4] said

primary radiation being a reiativeiy shorter wa veiength radiation outside the

visibie white tight spectrum; and

[5] a down-converting iuminophoric medium arranged in receiving

reiationship to said primary radiation, and which in exposure to said primary

radiation responsiveiy emits radiation at a muitipiicity of waveiengths and in

the visibie white tight spectrum, with said radiation of said muitipiicity of

waveiengths mixing to produce a white tight output, [61 wherein each of the

at ieast one singie-die semiconductor tight—emitting diode in interaction with

iuminophoric medium receiving its primary radiation produces white iight

output.

Feature [1]: 1. A light emitting device

Menda's Fig. 4 (reproduced below) shows a light emitting device, specifically a

liquid crystal display (Menda translation, p. 7, 1] [0021]).
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[Fig 4)
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(Manda, Fig. 4)

Feature [2]: at ieast one singie-die semiconductor fight-emitting diode (LED)

coupieabie with a power suppiy to emit a primary radiation

Menda states,

In the above embodiment, an organic PL element has been realized using a

ZnO ultraviolet light emitting element having a schottky junction structure.

Likewise, the green light emitting organic PL element can also be realized by

using a solid ultraviolet light emitting element having a structure of a pn

junction, MOS [Metal-Oxide-Semicdnductor] junction or the like. Further,

light having colors other than green can also be emitted by changing the type

of the organic coloring matter doped into the PL luminescent layer 22.

Further, the amount of luminescence from the PL luminescent layer 22 can be

regulated by regulating the amount of voltage or current applied to the

ultraviolet light emitting element.

(Menda translation, 1] [0018], p. 6, lines 1-11; emphasis added)

In addition, with regard to Fig. 4 (above), Menda states,

Menda states,

[0021] Fig. 4 shows an example in which a PL [PhotoLuminescent] element

according to the present invention has been applied to a backlight of a liquid

crystal display. In the drawing, numeral 41 designates a glass substrate

transparent to ultraviolet light. An ultraviolet light emitting element 42
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as described in the first embodiment is provided on one side of the glass

substrate 41. Further, a blue PL luminescent layer 43, a green PL

luminescent layer 44, and a red PL luminescent layer 45 as described in the

second embodiment are stacked on the other side of the glass substrate 41.

[0022] As shown in the drawing, a liquid crystal display device 50 is

stacked on the PL luminescent element having the above construction.

[0023] In the above embodiment, individual PL luminescent layers 43 to 45

of three primary colors are excited by ultraviolet light emitted from the

ultraviolet light emitting element 42 and emit respective lights, and these

three primary colors are mixed together to provide a white light. The

white light thus obtained is applied as a backlight of the liquid crystal display

device 50 through the first glass substrate 51. Also in this embodiment, a

deterioration in the PL luminescent layers 43 to 45 can be avoided, and the

service life of the PL luminescent layers 43 to 45 can be prolonged.

(Menda translation, p. 7; emphasis added)

The request fails to provide evidentiary support or sufficient explanation that a

light-emitting pn junction implicitly includes a single-die semiconductor LED (light

emitting diode). Accordingly, any of Penguin, Morkog, Abe, and Tadatomo has been

provided.

First, by definition, a “pn junction" is necessarily formed from semiconductor
materials:

pn-junction The region at which two semiconductors of opposite polarity

meet, i.e. at which p-type and n-type semiconductor meet.

(Penguin, p. 437; emphasis added)

Thus, Menda’s pn junction is necessarily a semiconductor. Note also that the term

"MOS" in Menda is an acronym for Metal«Oxide-Semiconductor, thereby placing

one of ordinary skill squarely in the mindset of Iight-emtting semiconductor
materials. ~c

Because the pn junction produces UV light, it is necessarily a semiconductor light—

emitting element, albeit not necessarily a diode. However, each of Penguin, Morkog,

Abe, and Tadatomo teaches that one of ordinary skill knows very well that a light-

emitting pn junction implicitly includes a light-emitting diode, thereby providing

evidence that Menda’s “solid ultraviolet light emitting element having a

structure of a pn junction, MOS junction or the like" (Menda, id.) implicitly

includes the light-emitting diode.

Penguin's definition of “light emitting diode (LED)“ includes the light-emitting, pn
juncdon:

light-emitting diode (LED) A p-n junction diode that emits light as a

result of direct radiative recombination of excess electron-hole pairs...
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(Penguin, p. 315; 2”‘1 emphasis added)

Given that the elements in Penguin’s definition of “pn junction" and “light-emitting
diode” are found in Menda’s description of the UV light-emitting element, i.e. “solid

ultraviolet light emitting element having a structure ofa pn junction, MOS

[Metal-Oxide-Semiconductor] junction or the like” (Menda, id.), Penguin teaches

that those of ordinary skill in the art know that Menda’s light-emitting pn junction

implicitly includes the light-emitting diode.

Because the UV—light—emitting pn junction 0r UV LED, once produced, is of necessity

finite, it is a die and therefore reads on at ieast one singie die. Because power is

required to produce light (“...the amount of luminescence from the PL luminescent

layer 22, [43, 44, 45] can be regulated by regulating the amount of voltage or

current applied to the ultraviolet light emitting element”; Menda, id.) the

semiconductor light-emitting device is coupieabie with a power supply to emit a

primary radiation. In order to apply power across the pn junction to produce light,

one electrode must be applied to the p-type semiconductor and one electrode must

be applied to the n-type semiconductor; thus, Menda's pn junction is a diode.

Fundameggals of Photonics similarly indicates that those of ordinary skill knew

before 1991 (the copyright date of the book) -—that is two years before the foreign

filing of Menda-- that light-emitting semiconductor pn junctions at least included

Iight-emiting diodes. In this regard, the term “LED” is defined:

A light-emitting diode (LED) is a forward-biased p-n junction fabricated

from a direct-gap semiconductor material that emits light via injection
electroluminescence...

(Fundamentals of Photonic , p. 593; emphasis added)

Fundamentals of Photonics goes on to state that the both LEDs and semiconductor

lasers are of “small size" and are used in displays:

Semiconductor photons sources, in the form of both LEDs and injection

lasers, serve as highly efficient electronic-to-photonic transducers. They are

convenient because they are readily modulated by controlling the injected

current. Their small size, high efficiency, high reliability, and compatibility

with electronic systems are important factors in their successful use in many

applications. These include lamp indicators; display devices; scanning,

reading, and printing systems; fiber optic communication systems; and

optical data storage systems such as compact-diSc players.

(Fundamentals gf Photonic , paragraph bridging pp. 593694; emphasis added)

Thus, those of ordinary skill in the art also knew that small—sized LEDs and

semiconductor lasers were used to make display devices, just as in Menda, i.e.

the LCD. Therefore, Fundamentals of Photonics provides evidence that those of

ordinary skill in the art knew before 1991, when the book was published (that is
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two years before Menda) that the small-sized LEDs and semiconductor lasers were

already know for use to make display devices.

With regard to semiconductor lasers, Fundamentals of Photonics states

16.2 SEMICONDUCTOR LASER AMPLIFIERS

The principle underlying the operation of a semiconductor laser amplifier is

the same as that for other laser amplifiers: the creation of a populatiOn

inversion that renders stimulated emission more prevalent than absorption.

The population inversion is usually achieved by electric current injection in a

p-n junction diode; a ferward bias voltage causes carrier pairs to be

injected into the junction region, where they recombine by means of
stimulated emission.

(Fundamentals of Photonics, p. 609; emphasis added)

Thus, Fundamentals of Photonics shows that those of ordinary skill in the art know

that semiconductor lasers are a form of pn junction and by extension that a light-

emitting pn junction, such as Menda's, suggests semiconductor lasers as well as
LEDs.

In addition, Fundamentals of Photonics states that the basic structure of the LED
and semiconductor laser are the same:

Device Structures

LEDs may be constructed either in surface—emitting or edge-emitting

configurations (fig. 16.1-10). The surface-emitting LED emits light from a face

of the device that is parallel to the junction plane. Light emitted from the

opposite face is absorbed by the substrate and lost or, preferably, reflected

from a metallic contact (which is possible if a transparent substrate is used).

The edge-emitting LED emits light from the edge of the junction region. The

latter structure has usually been used for diode lasers as well, although

surface-emitting laser diodes (SELDs) are being increasingly used. Surface

emitting LEDs are generally more efficient than edge-emitting LEDs.

Heterostructure LEDs, with configurations such as those described in Sec.

16.2C, provide superior performance.

(Fundamentals of Photonics, p. 606; emphasis added)

Furthermore, figures 16.1—11(a) and (b) (reproduced below) of Fundamentals of

Photonics shows the LEDs are known to be implemented as Single dies.
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Figure 16.1-11 (a) A flat—diodemnfiguratiou GaAshJ" LED. (b) A Burma-type LED.

(Fundamentals of Photonics, p. 607; emphasis added)

Page 136

Based on the foregoing, Fundamentals of Photonics provides evidence that those of

ordinary skill in the art would appreciate that Menda’s “solid ultraviolet light

emitting element having a structure of a pn junction, MOS junction or the like"

(Menda, id.) implicitly includes a single-die semiconductor light-emitting diode

and a single die semiconductor laser.

Similarly, Morkog provides evidence that light-emitting pn junctions include

single-die semiconductor light-emitting diodes (LEDs). In Morkog’s section entitled,

“III. GaN-based III-V Nitride Semiconductors" Morkog explicitly calls the light

emitters, “GaN p-n junction LEDs" (emphasis added):

These advances in material quality and processing have allowed researchers

to demonstrate and commercialize GaN p-n junction LEDs giving rise to

optimism of a GaN-based laser soon to follow. .

(M0rkog, p. 1379, right col. last full sentence; emphasis added)

The first GaN LED was reported over 20 years ago.146 Due to the inability at
the time to dope GaN p type, these devices were not conventional p-n

junction LEDs, but rather metal-insulator-semiconductor (MIS) structures.

Only recently, when Amano et al.104 first obtained p—type GaN was the first p-
n junction GaN LED realized. Soon after, some of these same workers
introduced AIGaN as a barrier materia

(Morkog, p. 1387, right col., 1St full 11; emphasis added)

1 14?

The Amano et al. article is dated 1990 which is three years before the filing date of

Menda. Morkog also points out that the GaN-based LEDs produce UV light, i.e. light
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of a wavelength less than 400 nm (Morkog, p. 1388, Fig. 47 and associated text on
p. 1389). Thus, Morkog shows that those of ordinary skill knew before the time of
Menda that a GaN—based, UV—Iight-emitting diodes were made from a

semiconductor pn junction before the time of Menda.

See-also Morkog p. 1386, Fig. 41 and Fig. 43 captions, which also use the language

“p-n junction LED" (emphasis added). See also Morkog at p. 1387, which uses the

language “p-n junction LEDs" and “p-n junction GaN LED".

Morkog's Figs. 49, 52, 56, and 58 each show single die semiconductor lasers; thus

those of ordinary skill in the art know that semiconductor light emitting devices,

including LEDs and lasers are implemented as a single die, as claimed.

Thus, Morkog teaches that those of ordinary skill in the art know that Menda's “solid

ultraviolet light emitting element having a structure of a pn junction, MOS

junction or the like" (Menda, id.) implicitly includes at least one single-die

semiconductor light-emitting diode (LED).

In addition to Penguin and Morkog, Abe shows to those of ordinary skill in the art

that a UV-light—emitting semiconductor pn junction includes both LEDs and lasers.

In discussing the prior art, Abe states,

In addition, the light source described above includes a light emitting diode

(which will be referred to as LED thereafter) as a display element used in OA

(Office Automation) apparatuses and display units. The LED is adapted to

emit light by applying current to p-n junction of a semiconductor.

(Abe, col. 1, lines 28-33; emphasis added)

Thus, Abe teaches that it was already known in the art at least by 1994 (the foreign

priority date of Abe) that a light-emitting semiconductor pn junction includes light-

emitting diodes, or LEDs.

Abe also shows that semiconductor lasers are implemented as a “single chip”:

Either of AC and DC power sources may be used as a required power source.

In case of using the AC power source, a rectifying device may be incorporated

in a lighting circuit, or the semiconductor laser element and the lighting

circuit may be integrated in a single chip.

(Abe, col. 2, lines 45-49; emphasis added)

Note that Abe includes the lighting circuit along with the semiconductor laser; thus,
Abe also points out here that the lighting circuit and the semiconductor lasers are

known to be implemented on separate semiconductor chips (Le. die).

Abe’s Figs. 1(a), 1(b), 4(a)«4(g), S, 6, 8(a), 8(b), each shows the semiconductor

laser element 1 implemented single die.
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Based on the foregoing, Abe shows that those of ordinary skill in the art would

understand that Menda‘s “solid ultraviolet light emitting element having a

structure of a pn junction, MOS junction or the like” (Menda, id.) implicitly
includes at least one single—die semiconductor light—emitting diode (LED).

Finally, Tadatomo --a reference provided by Patentee in the IDS submitted

3/2/2011 -- shows that light-emitting pn junctions include both light-emitting

diodes and lasers. In this regard, Tadatomo’s Fig. 3 (reproduced below) shows a

UV-Iight—emitting diode implemented as a single die.

Fig. 3

H-hu'lmm 33'

(Tadatomo, Fig. 3)

In regard to Fig. 3, Tadatomo states,

FIG. 3 schematically shows the structure of LED of a typical semiconductor

light emitting element. As shown in the Figure, the LED comprises a laminate

A (4, 5, 6) including the GaN single crystal (n type) produced by the method

of the present invention as a substrate 4, and a semiconductor layer 5 (n

type) and a semiconductor layer 6 (p type), both being GaN group

compound semiconductors, formed thereon, and electrodes 8 and 7 set 0n

the outermost layers 6 and 4 of the laminate A.

(Tadatomo, col. 8, lines 37-44; emphasis added)

In FIG. 3, the light emitting part has a simple two-layer p-n junctiOn. The

junction of the light emitting part may be homo-junction where the same

materials are joined, or hetero-junction where different materials are

joined. Furthermore, the junctional structure of the light emitting part is not

limited to two-layer junction but may be multi-Iayer junction such as

double-hetero junction, single quantum well, multiple quantum well
etc.
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With such junctional structure of the light emitting part, various

semiconductor light emitting elements such as LED and LD [Laser

Diode] are obtained.

(Tadatomo, col. 9, lines 8-19; emphasis added)

In addition, Tadatomo states,

The thick GaN single crystal of superior quality which is produced by the

method of the present invention can be suitably used for semiconductor

light emitting elements such as light emitting diode (LED), laser diode

(LD) and superluminescence diode, and electron devices. In the electron

devices, the use of the GaN single crystal of the present invention as a

substrate enables production of LED, LD etc. having the same electrode

structure as in the conventional red LED etc. Those which emit blue lights are

particularly important. In addition, the efficiency of the light emission of

semiconductor light emitting elements by the use of the GaN single crystal of

the present‘invention is advantageously high.

(Tadatomo, col. 8, lines 20-32; emphasis added)

Thus, Tadatomo teaches that those of ordinary skill in the art knew around 1993-

1994 (the foreign priority dates of Tadatomo) that light-emitting pn junctions

include both semiconductor light-emitting diodes and semiconductor lasers

implemented as single dies. In addition, the electrodes 7, 8 shows that those of

ordinary skill know that the light emitting element must have a power source in

order to emit radiation (as claimed, “coupieabie with a power suppiy to emit a

primary radiation“).

In summary, each of Penguin, Fundamentals of Photonics, Morkog, Abe, and

Tadatomo provides evidence that Menda’s “solid ultraviolet light emitting element

having a structure of a pn junction, MOS junction or the like" (Menda, id.)

implicitly includes at ieast one Singie-die semiconductor fight—emitting diode

(LED) coupieabie with a power supply to emit a primary radiation, as claimed.

Feature [3]: which is the same for each singie-die. semiconductor LED

present in the device

As discussed above, Menda teaches at least one single-die LED, which is all that is

required of the claim.

Feature [4]: said primary radiation being a reiativeiy shorter waveiength'
radiation outside the visibie white iight spectrum

The LED emits ultraviolet (UV) light (i.e. below 400 nm wavelength) which is

necessarily outside the visihie white iight spectrum (400 to about 700 nm

wavelength).

LOWE§ 1034, Page 141



TCL 1034, Page 142LOWES 1034, Page 142

Application/Control Number: 90/010,940 Page 140

Art Unit: 3992

Feature [5]: a down—converting luminophoric medium arranged in receiving

relationship to said primary radiation, and which in exposure to said primary

radiation responsiveiy emits radiation at a muitipiicity of wavelengths and in

the visible white light spectrum, with said radiation of said multiplicity of

wavelengths mixing to produce a white light output

As quoted above from Manda, in regard to the liquid crystal display shown in Fig. 4,
Menda states,

[0021] Fig. 4 shows an example in which a PL element according to the

present invention has been applied to a backlight of a liquid crystal display.

In the drawing, numeral 41 designates a glass substrate transparent to

ultraviolet light. An ultraviolet light emitting element 42 as described in

the first embodiment is provided on one side of the glass substrate 41.

Further, a blue PL luminescent layer 43, a green PL luminescent layer 44,

and a red PL luminescent layer 45 as described in the second embodiment

are stacked on the other side of the glass substrate 41.

[0022] As shown in the drawing, a liquid crystal display device 50 is

stacked on the PL luminescent element having the above construction. The

liquid crystal display device 50 comprises a first glass substrate 51 and a

second glass substrate 52. A polarizing plate 53 is stacked on one side of the

glass substrate 51. A transparent electrode 54, a color filter 55, and an

aligning film 56 are stacked in that order on the other side of the glass

substrate 51. Further, a polarizing plate 57 is stacked on one side of the glass

substrate 52, and a transparent electrode 58 and an aligning film 59 are

stacked in that order on the other side of the glass substrate 52. A liquid

crystal material 60 is filled into the two aligning films 56-59 to constitute a

liquid crystal display cell.

[0023] In the above embodiment, individual PL luminescent layers 43 to 45

of three primary colors are excited by ultraviolet light emitted from

the ultraviolet light emitting element 42 and emit respective lights, and

these three primary colors are mixed together to provide a white light.

The white light thus obtained is applied as a backlight of the liquid crystal

display device 50 through the first glass substrate 51. Also in this

embodiment, a deterioration in the PL luminescent layers 43 to 45 can be

avoided, and the service life of the PL luminescent layers 43 to 45 can be

prolonged.

(Manda translation, p. 7; emphasis added)

Fig. 4 shows that Menda’s luminophoric medium 43, 44, 45 is in receiving

relationship to the UV light emitting element 42.

Menda discloses that the UV light is down-converted (in terms of energy) to visible

light. UV light has a wavelength of less than 400 nm and visible white light includes

wavelengths between 400 to 700 nm. In particular, Menda’s luminophoric medium

yields light having separate wavelengths of blue 43, green 44, and red 45 that

mix to produce white light when mixed (lot).
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Feature [6]: wherein each of the at ieast one singie-die semiconductor

fight-emitting diode in interaction with iuminophoric medium receiving its

primary radiation produces white iight output

Because the light source of Menda passes through all three PL layers 43, 44, and

45, each of the at feast one singie—die semiconductor fight-emitting diode in

interaction with iuminophoric medium receiving its primary radiation produces white

iight output.

This is all of the features of claim 1.

Claim 3 reads,

3. A fight-emitting device, comprising:

a semiconductor laser coupieabie with a power suppiy to emit a primary

radiation having a reiativeiy shorter waveiength outside the visible light

spectrum; and

a down-converting iuminophoric medium arranged in receiving reiationship to

said primary radiation, and which in exposure to said primary radiation

responsiveiy emits poiychromatic radiation in the visibie iight spectrum, with

different waveiengths of said poiychromatic radiation mixing to produce a

white iight output.

Claim 3 is distinguished from claim 1 in that (1) a semiconductor laser is required

versus a singie—die semiconductor LED; (2) the primary radiation is required to be

outside the visible light spectrum, as opposed to outside the visible white light

spectrum; and (3) the. wording associated with the luminophoric medium.

With regard to difference (1), claim 3 requires the LED be a semiconductor iaser.

Menda teaches that the UV-Iight emitting element can be a “pn junction", as just

discussed. Thus, all pn junction, light-emitting devices are implicitly included.

Penguin provides additional evidence that light—emitting pn junctions include

semiconductor lasers. In this regard, Penguin states,

semiconductor laser Syn. diode laser A laser that uses a pm junction

diode made from a direct-gap semiconductor material such as gallium
arsenide, GaAs.

(Penguin, p. 509; second emphasis added)

Similarly, as noted above, Morkog states,

These advances in material quality and processing have allowed researchers

to demonstrate and commercialize GaN p-n junction LEDs giving rise to

optimism of a GaN-based laser soon to follow.

(Morkog, p. 1379, right col. last full sentence; emphasis added)
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Thus Menda’s “pn junction" that produces UV light includes both LEDs and

semiconductor lasers since both are within the scope of “pn junctions", as

disclosed by Menda as the “UV light-emitting element” (Menda, 1] [0018]).

As already indicated above, each of Fundamentals of Photonics, Abe, and Tadatomo

teach those of ordinary skill that Menda’s “solid ultraviolet light emitting element

having a structure of a pn junction, MOS junction or the like” (Menda, 1] [0018])

implicitly includes semiconductor lasers, as well as LEDs.

Finally, LEDLASER indicates that those of ordinary skill in the art know that a

semiconductor laser is simply a specialized form of p-n junction diode:

Laser diodes (also called ‘injection lasers') are in effect a specialised form of

LED. Just like a LED, theyre a form of P-N junction diode with a thin

depletion layer where electrons and holes collide to create light photons,when the diode is forward biased.

In other words, they end up ‘in sync and forming continuous-wave coherent
radiation.

(LEDLASER, p. 2, right col., emphasis added)

Thus, LEDLASER shows that those of ordinary skill in the art know that Menda’s

“solid ultraviolet light emitting element having a structure of a pn junction, MOS

junction or the like" (Menda, 1] [0018]) implicitly includes semiconductor lasers,

as well as LEDS because the laser is just the specialized form of the pn junction
LED.

With regard to difference (2), as noted above in discussing claim 1, UV light is
outside the visible spectrum.

With regard to difference (3), the difference is in wording only and is not distinct

from claim 1. In other words, there is no difference between poiychromatic

radiation and a multiplicity of wavelengths, as it applies to mixing to produce white

light.

Thus, Menda discloses all of the features of claim 3.

Claim 5 reads,

5. A fight-emitting device, comprising .-

at ieast one singie-die semiconductor fight-emitting diode (LED) coupieabie

with a power supply to emit a primary radiation which is the same for each

singie-die LED present in the device, said primary radiation being a reiativeiy

shorter waveiength radiation; and
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a down-converting iuminophoric medium arranged in receiving reiationship to

said primary radiation, and which in exposure to said primary radiation, is

excited to responsiveiy emit a secondary, reiativeiy ionger wavelength,

poiychromatic radiation, with separate waveiengths of said

poiychromatic radiation mixing to produce a white iight output, each of the

at ieast one singie—die semiconductor light-emitting diode in interaction with

iuminoghodc medium receiving its primagv radiation produces white light

output.

Claim 5 is distinct from claim 1 in that (1) the primary radiation is not required to

be outside the visible white light spectrum; (2) the down-converting is required to

yield longer wavelengths than that of the primary radiation; and (3) separate

wavelengths are required to be produced.

With regard to difference (1), claim 5 is broader in this respect; thus, Menda

discloses the claimed LED for the reasons indicated in conjunction with claim 1.

With regard to differences (2) and (3), as discussed in rejecting claim 1 above,

Menda discloses that the UV light is down-converted (in terms of energy) to visible

light. UV light has a wavelength of less than 400 nm and visible white light includes

wavelengths between 400 to 700 nm. In particular, Menda’s luminophoric medium

yields light having separate wavelengths of blue 43, green 44, and red 45 that

mix to produce white light when mixed (Manda translation, 1H] [0021]-[0023],

supra).

This is all of the features of claim 5.

Claims 22 and 26 read,

22. A fight-emitting device according to ciaim 5, wherein each singie-die

semiconductor LED present in the device comprises a singie-die two-lead
semiconductor LED.

26. A fight-emission device, comprising

a singie—die, two-teed semiconductor fight-emitting diode emitting radiation;
and

a recipient down—converting iuminophoric medium for down-converting the

radiation emitted by the fight-emitting diode, to a poiychromatic white iight.

Independent claim 26 is broader than all of the other independent claims except for

the feature that the LED has two leads. Thus, Menda, as discussed above, discloses

each of the features of claim 26 and claims 21 and 22 except for explicitly

indicating the number of leads of the UV light-emitting element 42.
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As noted above, the UV light-emitting element 42 can be a pn junction and thereby

includes single—die semiconductor LED and semiconductor lasers, as evidenced by

any of Penguin, Morkog, Abe, and Tadatomo.

Tadatomo‘s Figs. 3, 4, 5, and 6 each show that those of ordinary skill know that a

light-emitting pn junction implemented as a LED or LD has two leads, one

attached to each electrode 7 and 8 for each of the p-type and n-type

semiconductor of the pn junction.

Thus, Tadamoto provides evidence that Menda’s “solid ultraviolet light emitting

element having a structure of a pn junction, MOS [Metal-Oxidew

Semiconductor] junction or the like” (Menda, 1] [0018]) implicitly includes two

leads, as required by each of claims 22 and 26.

2. Claims 2, 23, 24, 180, 181, and 186 are rejected unde_r_35 U.S.C. 103(3) as

being unpatentable over Menda, as evidemed by any of Penguin, Fundamentals

of Photonics, Morkog, Abe, and Tadatomo, and in view of Imamura.

Claims 2 and 23 read,

2. A light-emitting device according to claim 1, comprising a two-lead

array of single-die semiconductor L595.

23. A light—emitting device according to claim 5, comprising a two-lead

array of single-die semiconductor 1.595.

The prior art of Menda, as evidenced by any of Penguin, Fundamentals of Photonics,

Morkog, Abe, and Tadatomo, as explained above, discloses each of the claimed

features of claims 1 and 5. Menda does not explicitly disclose a two-lead array of
single-die LEDs.

Imamura’s Figs. 4 and 5 (reproduced below) shows the top and side views of an

light array 10 may from an array of single-die semiconductor LEDs 13 on a

substrate 15 (Imamura, col. 3, lines 16-36).
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(Imamura, Fig. 4)
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(Imamura, Fig. 5)

The array 10 can be used as a backlight for a liquid crystal display, such as shown

in Fig. 8 (Imamura, col. 4, lines 59-61). Each LED die 13 has two leads that

connect to the array’s two leads, made from the gold-plated copper pattern 12

shown in the side View of right side of Fig. 5 and in the top View as the horizontal

lines running across the top and bottom of the substrate 15 that connect the array

of LEDs 13. As also shown in Fig. 4, each of the array’s two leads ends in a

terminal. Thus, Imamura teaches a two-lead array of single—die semiconductor
LEDs.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Imamura’s two-lead array configuration of plural identical UV LEDs

-—therefore emitting identical UV radiation-- for Menda’s UV light emitting element

42, in order to enable making a uniformly lit, larger, liquid crystal display than

could be made from a single UV LED, as taught by Imamura (Imamura, col. 3, lines

37-60).

Proposed amended claim 24 reads,

24. A liquid crystal display, including:

a backlight member including a multiplicity of light-emitting devices,

each light-emitting device comprising:

at least one single-die semiconductor light-emitting diode (LED)

coupleable with a power supply to emit a primary radiation which is

the same for each single-die LED present in the device, said primary

radiation being a relatively shorter wavelength radiation, and

a down-converting luminophoric medium arranged in receiving

relationship to said primary radiation, and which in exposure to said

primary radiation responsively emits a secondary, relatively longer

wavelength, polychromatic radiation, with separate wavelengths of

said poiychromatic radiation mixing to produce a white light output,

wherein each of the at least one single—die semiconductor light-

emitting diode in interaction with luminoghoric medium receiving its

grimary radiation produces white light outgut.
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Claim 24 is distinct from claim 5 in that (1) a liquid crystal display is claimed as

opposed to just a light emitting device, and (2) a multiplicity of light-emitting

devices is required to make a backlight for the LCD.

Imamura is applied as above.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Imamura's array configuration of plural identical UV LEDs

"therefore emitting identical UV radiation-- for Menda's UV light emitting element

42, in order to enable making a uniformly lit, larger, liquid crystal display than

could be made from a single UV LED, as taught by Imamura (Imamura, col. 3, lines

37-60).

Further in this regard, the courts have held that mere duplication of parts has no

patentable significance unless a new or unexpected result is produced. See In re

Harza, 274 F.2d 669, 124 USPQ 378 (CCPA 1960). Thus, it would have been

obvious to use more than one UV LED to increase the brightness or increase the

size of the display.

Proposed new claims 180 and 181 read,

180. The liquid crystal display gfigiaim 24, wherein said multiplicity of light—

emitting devices comprises an array of single-die semiconductor iight-

emitting diodes.

181. The liguid castai display of claim 18_0,, wherein said array comprises a

regular pattern.

 

Imamura calls the LED array a “LED array substrate 10" (Imamura, e.g. at col. 3,

line 19) which is shown to be a rectangle, in Fig. 4. In addition, Imamura states,

A plurality of LED array substrates 32 are mounted in the interior of a

cover 33 to provide a back-light 34 for illuminating a liquid crystal display
panel 30 and are supplied with a power through a connector 31.

(Imamura, col. 4, lines 65-68; emphasis added)

Thus the array can be may whatever size is required for the LCD.

Proposed new claim 186 reads,

186. The liquid casual display of claim 24, comprising a full-color liguid
cmstal display.

Menda discloses a full-color LCD display. Menda’s Fig. 4 shows the color filter 55

used to produce each of the different colors required for each pixel of the display
(Menda translation, 1] [0022]). In addition, Menda explicitly states that the LCDs

are “full color” (Menda translation, 1] [0019], 15': sentence).
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3. Claims 1, 3, and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Menda in view of any of Fundamentals of Photonics, Morkog, Abe, and
Tadatomo.

The prior art of Menda, as evidenced by any of Penguin, Fundamentals of Photonics,

Morkog, Abe, and Tadatomo, as explained above, is believed to discloses each of

the features of claims 1, 3, and 5. If, however, it is believed by Patentee that any of

Penguin, Fundamentals of Photonics, Morkog, Abe, and Tadatomo does not provide

sufficient evidence that Menda’s UV—iight emitting pn junction implicitly includes a

single-die semiconductor LED or a semiconductor laser, then any of Morkog,

Fundamentals of Photonics, Abe, and Tadatomo at least renders this obvious.

As noted above, Fundamentals of Photonics indicates that those of ordinary skill

knew before 1991 (the copyright date of the book) --that is two years before the

foreign filing of Menda—- that light-emitting semiconductor pn junctions at least

included light—emiting diodes and semiconductor lasers. In this regard, the term
“LED" is defined:

A light-emitting diode (LED) is a forward-biased p-n junction fabricated

from a direct-gap semiconductor material that emits light via injection
electroluminescence...

(Fundamentais of Photonics, p. 593; emphasis added)

Fundamentals of Photonics goes on to state that the both LEDs and semiconductor

lasers are of “small size" and are used in displays:

Semiconductor photons sources, in the form of both LEDs and injection

lasers, serve as highly efficient eiectronic-to-photonic transducers. They are

convenient because they are readily modulated by controlling the injected

current. Their small size, high efficiency, high reliability, and compatibility

with electronic systems are important factors in their successful use in many

applications. These include lamp indicators; display devices; scanning,

reading, and printing systems; fiber optic communication systems; and

optical data storage systems such as compact-disc players.

(Funda entals of Photonics, paragraph bridging pp. 593-594; emphasis added)

Thus, those of ordinary skill in the art also knew that small-sized LEDs and

semiconductor lasers were used to make display devices, just as in Menda, i.e.
the LCD. Therefore, Fundamentals of Photonics provides evidence that those of

ordinary skill in the art knew before 1991, when the book was published (that is
two years before Menda) that the small-sized LEDs and semiconductor lasers were

already know for use to make display devices.

With regard to semiconductor lasers, Fundamentals of Photonics states
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16.2 SEMICONDUCTOR LASER AMPLIFIERS

The principle underlying the operation of a semiconductor laser amplifier is

the same as that for other laser amplifiers: the creation of a population

inversion that renders stimulated emission more prevalent than absorption.
The population inversion is usually achieved by electric current injection in a

pm junction diode; a forward bias voltage causes carrier pairs to be

injected into the junction region, where they recombine by means of
stimulated emission.

(Fundamentals of Photonics, p. 609; emphasis added)

Thus, Fundamentals of Photonics shows that those of ordinary skill in the art know

that semiconductor lasers are a form of pn junction and by extension that a light-

emitting pn junction, such as Menda’s, suggests semiconductor lasers as well as
LEDS.

In addition, Fundamentals of Photonics states that the basic structure of the LED

and semiconductor laser are the same:

Device Structures

LEDs may be constructed either in surface-emitting or edge-emitting

configurations (fig. 16.1-10). The surface-emitting LED emits light from a face

of the device that is parallel to the junction plane. Light emitted from the

opposite face is absorbed by the substrate and lost or, preferably, reflected

from a metallic contact (which is possible if a transparent substrate is used).

The edge-emitting LED emits light from the edge of the junction region. The

latter structure has usually been used for diode lasers as well, although

surface-emitting laser diodes (SELDs) are being increasingly used. Surface

emitting LEDs are generally more efficient than edge-emitting LEDs.

Heterostructure LEDs, with configurations such as those described in Sec.

16.2C, provide superior performance.

(Fundamentals of Photonics, p. 606; emphasis added)

Furthermore, figures 16.1—11(a) and (b) (reproduced below) of Fundamentals of

Photonics shows the LEDs are known to be implemented as single dies.
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Figure 16.1-11 (a)A flat-diodc-configuration GaAslflPx LED. (1:) A [forms-type LED.

(Fundamentals of Photonics, p. 607; emphasis added)

Based on the foregoing, Fundamentals of Photonics provides evidence that those of

ordinary skill in the art would appreciate that Menda's “solid ultraviolet light

emitting element having a structure of a pn junction, MOS junction or the like"

(Menda, id.) implicitly includes a single-die semiconductor light-emitting diode

and a single die semiconductor laser.

Because Menda explicitly suggests making the UV light emitting element 42 of the

liquid crystal display as a “solid ultraviolet light emitting element having a

structure of a pn junction, MOS junction or the like” (Menda, 'Il [0018]), and
because Fundamentals of Photonics states that the semiconductor LEDs and lasers

are known to be used in “display devices”, it would have been obvious to one of

ordinary skill in the art, at the time of the invention to use known light—emitting pn

junctions, such as those disclosed in Fundamentals of Photonics, which are singie-
die semiconductor LEDs and semiconductor lasers.

As noted above, Morkog provides evidence that light-emitting pn junctions

include single—die semiconductor light-emitting diodes (LEDs). In Morkog’s section

entitled, “III. GaN-based III-V Nitride Semiconductors" Morkog explicitly calls the

light emitters, “GaN p-n junction LEDs" (emphasis added):

These advances inmaterial quality and processing have allowed researchers
to demonstrate and commercialize GaN p-n junction LEDs giving rise to

optimism of a GaN-based laser soon to follow.

(Morkog, p. 1379, right col. last full sentence; emphasis added)
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The first GaN LED was reported over 20 years ago. ”6 Due to the inability at
the time to dope GaN p type, these devices were not conventional p-n

junction LEDs, but rather metal-insulator-semiconductor (MIS) structures.

Only recently, when Amano et al.104 first obtained p-type GaN was the first p—
n junction GaN LED realized. Soon after, some of these same workers
introduced AlGaN as a barrier material?”

(Morkoc, p. 1387, right col., 1St full 11; emphasis added)

The Amano et al. article cited in Morkog is dated 1990 which is three years before

the filing date of Menda.

Morkog also points out that the GaN-based LEDs produce UV light, i.e. light of a

wavelength less than 400 nm (Morkog, p. 1388, Fig. 47 and associated text on p.

1389). Thus, Morkog shows that those of ordinary skill knew before the time of

Menda that a GaN~based, UV-light-emitting diodes were made from a

semiconductor pn junction before the time of Menda.

See also Morkog p. 1386, Fig. 41 and Fig. 43 captions, which also use the language

“p-n junction LED" (emphasis added). See also Morkog at p. 1387, which uses the

language “p-n junction LEDs” and “p-n junction GaN LED".

Morkog’s Figs. 49, 52, 56, and 58 each show single die semiconductor lasers; thus

those of ordinary skill in the art know that semiconductor light emitting devices,

including LEDs and lasers are implemented as a singie die, as claimed.

Similarly, as noted above, Morkog states,

These advances in material quality and processing have allowed researchers

to demonstrate and commercialize GaN p-n junction LEDs giving rise to

optimism of a GaN—based laser soon to follow.

(Morkog, p. 1379, right col. last full sentence; emphasis added)

Thus, Morkog teaches that those of ordinary skill in the art know that Menda’s “solid

ultraviolet light emitting element having a structure of a pn junction, MOS

junction or the like" (Menda, 1] [0018]) can be at ieast one single-die semiconductor

fight—emitting diode (LED) or semiconductor iasers.

Because Menda explicitly suggests making the UV light emitting element 42 as a

“solid ultraviolet light emitting element having a structure of a pn junction, MOS

junction or the like” (Menda, 'fl [0018]), it would have been obvious to one of

ordinary skill in the art, at the time of the invention to use known UV-light—emitting
pn junctions, such as those disclosed in Morkoc which include single-die
semiconductor GaN-based LEDs and semiconductor lasers.

As also noted above, Abe shows to those of ordinary skill in the art that a UV-light-

emitting semiconductor pn junction includes both LEDs and lasers. In discussing the

prior art, Abe states,
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In addition, the light source described above includes a light emitting diode

(which will be referred to as LED thereafter) as a display element used in OA

(Office Automation) apparatuses and display units. The LED is adapted to

emit light by applying current to p-n junction of a semiconductor.

(Abe, col. 1, lines 28-33; emphasis added)

Thus, Abe teaches that it was already known in the art at least by 1994 (the foreign

priority date of Abe) that a light-emitting semiconductor pn junction includes light-

emitting diodes, or LEDs.

Abe also shows that semiconductor lasers are implemented as a “single chip”:

Either of AC and DC power sources may be used as a required power sourCe.

In case of using the AC power source, a rectifying device may be incorporated

in a lighting circuit, or the semiconductor laser element and the lighting

circuit may be integrated in a single chip.

(Abe, col. 2, lines 45-49; emphasis added)

Note that Abe includes the lighting circuit along with the semiconductor laser; thus,

Abe also points out here that the lighting circuit and the semiconductor lasers are

known to be implemented on separate semiconductor chips (i.e. die).

Abe’s Figs. 1(a), 1(b), 4(a)-4(g), 5, 6, 8(a), 803), each shows the UV-light emitting

semiconductor laser element 1 implemented single die.

Based on the foregoing, Abe shows that those of ordinary skill in the art would

understand that Menda's “solid ultraviolet light emitting element having a

structure of a pn junction, MOS junction or the like" (Menda, 1] [0018]) can be at

least one singie-die semiconductor fight-emitting diode (LED) or semiconductor
iaser.

Because Menda explicitly suggests making the UV light emitting element 42 as a

“solid ultraviolet light emitting element having a structure of a pn junction, MOS

junction or the like" (Menda, id.), it would have been obvious to one of ordinary

skill in the art, at the time of the invention to use known UV—light-emitting pn

junctions, such as those disclosed in Abe which are single-die semiconductor LEDs
and semiconductor lasers.

Finally, Tadatomo --a reference provided by Patentee in the IDS submitted
3/2i2011 -- shows that light-emitting pn junctions include both light-emitting

diodes and lasers. In this regard, Tadatomo’s Fig. 3 (reproduced below) shows a

UV-light-emitting diode implemented as a single die.
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F (0 OJ

(Tadatomo, Fig. 3)

In regard to Fig. 3, Tadatomo states,

FIG. 3 schematically shows the structure of LED of a typical semiconductor

light emitting element. As shown in the Figure, the LED comprises a laminate

A (4, 5, 6) including the GaN single crystal (n type) produced by the method

of the present invention as a substrate 4, and a semiconductor layer 5 01

type) and a semiconductor layer 6 (p type), both being GaN group

compound semiconductors, formed thereon, and electrodes 8 and 7 set on

the outermost layers 6 and 4 of the laminate A.

(Tadatomo, col. 8, lines 37-44; emphasis added)

In FIG. 3, the light emitting part has a simple two-layer p-n junction. The

junction of the light emitting part may be homo-junction where the same

materials are joined, or hetero-junction where different materials are

joined. Furthermore, the junctional structure of the light emitting part is not

limited to two-layer junction but may be multi-iayer junction such as

double-hetero junction, single quantum well, multiple quantum well
etc.

With such junctional structure of the light emitting part, various

semiconductor light emitting elements such as LED and LD [Laser

Diode] are obtained.

(Tadatomo, col. 9, lines 8-19; emphasis added)

In addition, Tadatomo states,

The thick GaN single crystal of superior quality which is produced by the

method of the present invention can be suitably used for semiconductor

light emitting elements such as light emitting diode (LED), laser diode

LOWE§ 1034, Page 154



TCL 1034, Page 155LOWES 1034, Page 155

Application/Control Number: 90/010,940 Page 153

Art Unit: 3992

(LD) and superluminescence diode, and electron devices. In the electron

devices, the use of the GaN single crystal of the present invention as a

substrate enables production of LED, LD etc. having the same electrode

structure as in the conventional red LED etc. Those which emit blue lights are

particularly important. In addition, the efficiency of the light emission of

semiconductor light emitting elements by the use of the GaN single crystal of

the present invention is advantageously high.

(Tadatomo, col. 8, lines 20-32; emphasis added)

Thus, Tadatomo teaches that those of ordinary skill in the art knew around 1993-

1994 (the foreign priority dates of Tadatomo) that light—emitting pn junctions

include both semiconductor light-emitting diodes and semiconductor lasers

implemented as single dies. In addition, the electrodes 7, 8 shows that those of

ordinary skill know that the light emitting element must have a power source in

order to emit radiation (as claimed, “coupieabie with a power suppiy to emit a

primary radiation").

Because Menda explicitly suggests making the UV light emitting element 42 as a

“solid ultraviolet iight emitting element having a structure of a pn junction, MOS

junction or the like” (Menda, 1| [0018]), it would have been obvious to one of

ordinary skill in the art, at the time of the invention to use known UV-Iight-emitting

pn junctions, such as those disclosed in Tadatomo, which are single-die
semiconductor GaN-based LEDs and semiconductor lasers.

Based on the foregoing, even if Menda does not implicitly include the UV light-

emitting pn junction is a singie-die semiconductor LED or a semiconductor iaser,

then each of Morkog, Abe, and Tadatomo at least makes this obvious, as indicated

above. Again, given that Menda explicitly states the UV light emitting element 42

may be implemented as a “solid ultraviolet light emitting element having a

structure of a pn junction, MOS junction or the like" (Menda translation, 1]

[0018]), it would have been obvious to those of ordinary skill in the art to use

known pn junction, UV-light-emitting diodes and/or lasers disclosed in any of

Morkog, Abe, and Tadatomo, which are singie-die semiconductor LEDs (claims 1

and 5) and/or semiconductor iasers (claim 3).

This is all of the features of claims 1, 3, and 5.

4. Claims 21, 22, and 26 are rejected under 35 U.S.C. 1031a) as being

unpatentable over Menda in view of Tadatomo.

Proposed amended claim 21 and claim 22 reads,

21. A fight-emitting device according to ciaim 5, wherein each singie—die
semiconductor LED present in the device comprises a singie—die, two—iead

gaiiium nitride based biue iight semiconductor LED.
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22. A fight-emitting device according to ciaim 5, wherein each singie-die
semiconductor LED present in the device comprises a singie-die two-iead
semiconductor LED.

Menda does not teach that the LEDs have two leads.

As noted above in the previous rejection of claim 5, Menda in view of either of
Tadatomo teaches that the GaN—based LEDs have two leads Tadatomo (Fig. 3);

therefore, the modification of Menda by Tadatomo, as discussed above, results in a

GaN—based LEDs having two leads.

Using Tadatomo’s GaN-based LED as Menda’s UV light source would have been
obvious to one of ordinary skill in the art at the time of the invention for the same

reasons as indicated in the previous rejection with regard to Tadatomo.

Claim 26 reads,

26. A fight-emission device, comprising

a singie-die, two-iead semiconductor fight-emitting diode emitting radiation;
and

a recirpient down-converting iuminophoric medium for down-con verting the

radiation emitted by the fight-emitting diode, to a poiychromatic white iight.

This claim is significantly broader than claim 22 above. Menda in view of either of
Abe and Tadatomo teaches each of the features of this claim for the reasons

discussed in rejecting claims 1, 5, and 22 above.

5. Claims 2, 23, 24, 180, 181, and 186 are rejected under 35 U.S.C. 1031a) as

being ungatentable over Menda in view of any of Fundamentals of Photonics,

Morkog, Abe. and Tadatomo and further in view of Imamura.

Claims 2 and 23 read,

2. A iight—emitting device according to ciaim 1, comprising a two-lead

array of singie-die semiconductor L505.

23. A iigh t-emitting device according to ciaim 5, comprising a two-lead

array of singie-die semiconductor £505.

The prior art of Menda in view of any of Fundamentals of Photonics, Morkog, Abe,

and Tadatomo, as explained above, discloses each of the claimed features of claims

1 and S. Menda does not explicitly disclose a two-lead array of single-die LEDs.
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Imamura’s Figs. 4 and 5 (reproduced below) shows the top and side views of an

light array 10 may from an array of single-die semiconductor LEDs 13 on a

substrate 15 (Imamura, col. 3, lines 16-36).

 

  l3 ll

 Em

(Imamura, Fig. 4)

 
(Imamura, Fig. 5)

The array 10 can be used as a backlight for a liquid crystal display, such as shown

in Fig. 8 (Imamura, col. 4, lines 59-61). Each LED die 13 has two leads that

connect to the array’s two leads, made from the gold-plated copper pattern 12

shown in the side view of right side of Fig. 5 and in the top View as the horizontal

lines running across the top and bottom of the substrate 15 that connect the array

of LEDs 13. As also shown in Fig. 4, each of the array’s two leads ends in a

terminal. Thus, Imamura teaches a two-lead array of single—die semiconductor
LEDS.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to fashion Menda’s UV backlight 42 of pn junction LED as Imamura’s two-

lead array configuration of plural identical UV LEDs "therefore emitting identical UV

radiation-- in order to enable making a uniformly lit, larger, liquid crystal display

than could be made from a single UV LED, as taught by Imamura (Imamura, col. 3,

lines 37-60). Each LED would be that of Morkog for the reasons indicated above.

Proposed amended claim 24 reads,

24. A liquid crystal display, including:

a backlight member including a multiplicity of light-emitting devices,

each light-emitting device comprising:
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at ieast one single-die semiconductor tight-emitting diode (LED)

coupieabie with a power suppiy to emit a primary radiation which is

the same for each single-die LED present in the device, said primary

radiation being a reiativeiy shorter waveiength radiation, and

a down-converting iuminophoric medium arranged in receiving

reiationship to said primary radiation, and which in exposure to said

primary radiation responsiveiy emits a secondary, reiativeiy longer

waveiength, poiychromatic radiation, with separate wavelengths of

said poiychromatic radiation mixing to produce a white tight output,

wherein each of the at ieast one singie-die semiconductor light-

emitting diode in interaction with iuminophoric medium receiving its

primagy radiation produces white tight output.

Claim 24 is distinct from claim 5 in that (1) a liquid crystal display is claimed as

opposed to just a light emitting device, and (2) a multiplicity of light-emitting

devices is required to make a backlight for the LCD.

Imamura is applied as above.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to fashion Menda’s UV backlight 42 of pn junction LED as Imamura’s two-

Iead array configuration of plural identical UV LEDs --therefore emitting identicai UV

radiation-- in order to enable making a uniformly lit, larger, liquid crystal display

than could be made from a single UV LED, as taught by Imamura (Imamura, col. 3,

lines 37-60). Each LED would be that of Morkog for the reasons indicated above.

Further in this regard, the courts have held that mere duplication of parts has no

patentable significance unless a new or unexpected result is produced. See In re

Harza, 274 F.2d 669, 124 USPQ 378 (CCPA 1960). Thus, it would have been

obvious to use more than one UV LED to increase the brightness or increase the

size of the display.

Proposed new claims 180 and 181 read,

180. The iiguid cggstai dispiay of ciaim 24, wherein said muitipiicity of tight-

emitting devices comprises an array of singie-die semiconductor iight-

emitting diodes.

181. The iiguid cpzstai dispiaz of ciaim 180, wherein said array comprises a

reguiar pattern.

Imamura calls the LED array a “LED array substrate 10" (Imamura, e.g. at col. 3,

. line 19) which is shown to be a rectangle, in Fig. 4. In addition, Imamura states,
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A plurality of LED array substrates 32 are mounted in the interior of a

cover 33 to provide a back-light 34 for illuminating a liquid crystal display

panel 30 and are supplied with a power through a connector 31.

(Imamura, col. 4, lines 65-68; emphasis added)

Thus the array can be may whatever size is required for the LCD.

Proposed new claim 186 reads,

186. The liquid crystal display of claim 24, comprising a full-color liquid

crystal display.

Menda'discloses a full-color LCD display. Menda’s Fig. 4 shows the color filter 55

used to produce each of the different colors required for each pixel of the display

(Menda translation, 1] [0022]). In addition, Menda explicitly states that the LCDs

are “full color” (Menda translation, 1] [0019], 1‘5t sentence).

6. Claims 4 and 11-13 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Menda in view of Morkog.

Claims 4 and 13 and proposed amended claims 11 and 12 read,

4. A light-emitting device according to claim 3, wherein said semiconductor

laser includes an active material selected from the group consisting of III-V

alloys and Ii- VI alloys.

11. A light-emitting device according to claim 5, wherein each single-die

semiconductor LED present in the device is on a substrate lg a multilayer

device structure, and wherein said substrate comprises silicon carbide.

12. A lightjemitting device according to claim 5, wherein each single-die
semicondtictor LED present in the device is on a substrate i_n a multilayer

device structure, and wherein said substrate comprises a material selected

from the group consisting of sapphire, SiC, and InGaAIN.

 

13. A light-emitting device according to claim 12, wherein said multilayer

device structure includes layers selected from the group consisting of silicon

carbide, aluminum nitride, gallium nitride, gallium phosphide, germanium

carbide, indium nitride, and their mixtures and alloys.

Menda does not indicate the materials from which the pn junction or substrate are
made.

Morkog teaches UV light-emitting LED and lasers made from III-V materials such as

GaN, from II-VI materials such as ZnSe --as required by claim 4-— and from SiC:
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For optical emitters and detectors, ZnSe, Sic, and GaN all have

demonstrated operation in the green, blue, or ultraviolet (UV) spectra.

Blue SiC light-emitting diodes (LEDs) have been on the market for several

years, joined recently by UV and blue GaN-based LEDs. These products

should find wide use in full color display and other technologies. In laser

development, ZnSe leads the way with more sophisticated designs having

further improved performance being rapidly demonstrated. If the low damage

threshold of ZnSe continues to limit practical laser applications, GaN appears

poised to become the semiconductor of choice for short-wavelength lasers

in optical memory and other applications.

(Morkog, abstract; emphasis added)

Morkog indicates that GaN has been grown on silicon carbide (SiC) and sapphire

(single crystal Ale3) substrates --as required by claims 11—13. (See Morkog, p.

1382, sections entitled, “C. Substrates for nitride epitaxy" and “D. Buffer layers for

nitride heteroepitaxy on sapphire”. Thus, GaN-based, UV LEDs and lasers can be

fabricated on Sit: and sapphire substrates --as required by claims 11-13.

LEDs and lasers require a pn junction, the p-type and n—type semiconductor being

separate layers. In addition, the semiconductor material from which the pn

junction, e.g. GaN, are made must be grown on a substrate, the substrate being an

additional layer. This proves that LED and lasers are multilayer-ed device structures,

—-as required by claims 11-13. Not the least of which lasers have quantum wells

which are multilayer structures.

It would have been obvious to one of ordinary skill in the art, at the time of the

invention to use Morkog’s materials for Menda's LED because Menda is silent to the

details of the pn junction LED, such that one of ordinary skill would use known

materials to make the LED, as taught in Morkog. In this regard, it has been held

that the selection of a known material based on its suitability for its intended use is

prima facie obvious. See Sinclair 8: Carrol‘if Co., Inc. v. Interchemicai' Corp., 325

U.S. 327, 65 USPQ 297 1945). See also In re LESHIN, 125 USPQ 416 (CCPA 1960).

(See MPEP 2144.07.) In addition, given that Menda uses a UV-light LED and Morkoc

teaches materials for UV-light LEDs, one of ordinary skill has 'a reasonable

expectation of success.

7. Claims 48 and 52—54 are rejected under 35 U.S.C. 1031a) as being

unpatentable over Menda in view of either of Morkog and Tadatomo, as applied

to glaim 24 above, and further in view of Uehara or, in the alternative, over

Menda in view of Imamura and either of Morkog and Tadatomo, as applied to

claim 24. above, and further in view of Uehara.

Proposed new claim 48 reads,
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