AFFIDAVIT OF Pamela Stansbury

STATE OF NEW YORK )

) ss.

COUNTY OF TOMPKINS )

Pamela Stansbury being of full age and duly sworn, deposes and says as follows:

1.

I am an employee of the Cornell University Library, and specifically Library Technical
Services, located at Comell University, Ithaca, New York 14853. I have personal
knowledge of the facts set forth below.

I am the Administrative Supervisor in Library Technical Services, which maintains
bibliographical and processing information for many historical documents. I have held
such position since 1996.

Included in the Library’s historical collection are various publications. As part of that
collection, the Library maintains custody of an original issue of Applied optics, Volume
10, Number 1, January 1971, which includes the paper Photoluminescent conversion
of laser light for black and white and multicolor displays. 1: Materials / by L.G. Van
Ulitert, D.A. Pinnow, and J.C. Williams.

Mr. Richard F. Moncrief requested information about Applied optics, Volume 10,
Number 1, January 1971 — specifically when this item was first made publicly available
by the Library. As best I can determine, the publication was publicly available at the
Cornell University Library as January 5, 1971.
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Swomn to before me this

29th day of November %Ql
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Notary Pubhc

ANDREA DENISE SMITH COLON -
NOTARY PUBLIC-STATE OF NEW YORK,
Tompkins County
Registration #01 SM6276256
Commission Exp, 02/1 1/20_{_7

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

0.90

0.30

0.20

.

.00

‘ . ot } " 4
.00 0.10 .20 0.30 0.40 0.50 0.50

CHROMATICITY DIAGRAM

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

DOCKET
ALARM

A monthly publication of the
Optical Society of America

J. N. Howard Editor
P. R. Wakeling Managing Editor

Cover: See page 153.

Published monthly by the Optical Society of
America at 20t halr!d{l rtha?'npton Strezls.
. Office of the Editor:
AFCRL, Bedford, Mass. 01730; 617-861-
4281. 'Office of the Managing Editor:
WINC, 1613 Nineteenth Street, N.W.,
ashfngmn, D.C. 20009; 202-387-1773.
omco: American Institute of

luﬁtll: 45th Street, New York, N.Y.
7 ilZ-MU 5.1940. Subscription rates
Bel ear: included in membership dues to
members; nonmombors and libraries

. Single caopies $4; complete volumes

S Copyignt 9105 by the: Ontical
op! y the Optica

Socbety of America, Inc.

Applied

Optics

14
19

2R

—_—az

a6
51

74

81
87

105

109

N

119

136
141

144

154

\hn

168
174
N2
187

183

VOLUME 10
NUMBER 1

JANUARY
1971

Gaod

y Diagram Based on Variances of Color Matching by 14
Nnrmal Ohuruu—-D . MacAdam

A Visual Tristimulus Projection Colorimeter—A. Valberg

Ad just t of the M 1i-Value and W*-Scales to Uniform Lightness Steps
" for Various Background Reflectances—C. C. Semmelroth

Internal Reﬂulion $mtrouow. Valklity of Effective Thickness Equations
—N. J. Harrick and A. |. Cariso

Hadamard-Tnns!orm Exh.ull-Annlysis Spectrometer—J. A. Decker, Jr.

A Grazing Incid Monoch tor for Satellite Studies of the Solar Hell
Lyman-a Line at 303.8 A—P_ J, Bowen, J. A. Bowles, W. M. Glencross, R. J.
Speer, A. F. Timothy, J. G. Timothy, and A. P. Wilimore

A Convenient Technique for Determining the Relative Quantum Efficiency of
a Monochromator and Detector System—J. L. Kohl, L. J. Curtis, D. A.
Chojnacki, and R. M, Schectman

Motion Blurring with Decaying Detector Response—L. Levi

Electrical Recording of the Amplitude and Phase Fluctuations of a Wave
Front—M. Bertolotti

A Simple Double Beam Accessory for Absorption Spectrescopy—K. Leutwein

Spectral Absorption Characteristics of the Major Components of Dust Clouds
—D, F. Flanigan and H. P, DelLong

Effects of Argon Atoms on the Self-Absorption and the Intens! :y of H! 2537-A
Radiation in Hg 4 Ar Discharges—T. J. Hammand and C.
Statistical Band Model Parameters and Integrated lntensitiu for th- 5.9-x,
la.s 4y and 11.3 » Bands of HNO; Vapor—-A. Goldman, T. G. Kyle, and F.
onomo

Radiance and Polarization of Linhi Reflected from Optically Thick Clouds—
G. W. Kattawar and G. N. Plass

Radiation-Induced Changes in Refractive Index and Absorption Co-lﬂchnt
for Several Optical Materials—D. R. Olson, H. D. Dieselman, and J,
Schroeder

Damping of Lattice Vibrations in Solids—J. N. Plend|

The Correction of Optical Aberrations by Neutron Irradiation—P. Sinai

Images of Truncated One-Dimensional Periodic Bar Targets in Abcrn!ion—
imited Optical Systems—J. W. Foreman, Jr., G. H, Hunt, and E. K. Lawson

Influence of Scattered Radiation on Narrow Field of View Communicntlon
Links—D. E. Setzer

Small-Angle Scattering of Light by Ocean Water—H, T, Yura

Bidirectional Suthrlf}u Characteristics of Healthy Gfm Soybean and Corn
Leaves in vivo—H Breece |1l and R. A, Holme:

Cineholomicroscopy of Small Animal Microclrcnlmon—M. E. Cox, R. G;
Buckles, and D. Whitlow

Calorimeter for Laser Energy Measurements—M_ M, Birky
The CO: Laser Signature Problem—P. C. Claspy and Yoh-Han Pao

CO. Laur with Simultaneous Active and Passive Q-Switching=0. M. Stafsudd,
0. Ersoy, and S, Pizzica

A Prs?ds‘alpn Variable, Double Prism Attenuator for CO; Lasers—T. Oseki and

Photoluminescent Conversion of Laser Ll\’ht for Black and White and Multi-

color Displays. 1: Materials—L. G. Van Uitert, D. A. Pinnow, and J. C.
Williams

Photoluminescent Conversion of Laur I.lgat for Ilncl( and White and Multi-
Eﬂ}gr y 2: v innow, L. G. Van Uitert, and M.
eldman

Measurement of the Beam Parameters of a Laser Beam and lts Diffraction
Field, Using a Hologram—T, Miyamoto and K. Yasuura

A Contribution to the Com nl’"'”" of Single Exposun nnd Multiple Exposure
Storage Holograms—M . Lang, G. Goldmann, and P. Graf

Holographic Subtraction—K. Bromley, M. A. Monahan, J. F« Bryant, and B. J.
ompson

A Holurapmc lnt.rhromctor for M.asurinn Radiation Energy Deposition
Profiles in Tr parent - Hussmann

A Generalized T‘chni&uo of Two-Wavelenath, Nondiffuse Holographic
Inurhumﬂry—F

Tk 1.

ng D Line Prolilu from Fabry-Perot Inter-
I‘oromn" Frimos of V.ry Low Density—P. B. Hays and R. G. Roble

Schlieren \'qu-!inﬂon Device Allowing an Arbitrary Orientation of the Lines
with Resp the ing Direction—R, Grossin, M. Jannot, and S.

Viannay

January 1971 / Vol. 10, No. 1 / APPLIED OPTICS A5

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

D
A

Photoluminescent Conversion of Laser Light for
Black and White and Multicolor Displays. 1: Materials

L. G. Van Uitert, D. A. Pinnow, and J. C. Williams

A number of photoluminescent materials have been found to have properties that make them extremely
useful for improving the quality of laser displays as well as offering simplifications for multicolor systems.
The principal function of these materials is that of color conversion when coated onto a laser illuminated
viewing screen. A secondary, yet significant, role is that of rendering the converted light incoherent.
This eliminates the unpleasant granular or speckly texture associated with direct viewing of diffusely scat-
‘tered coherent light. Tt is concluded that virtually any visible color may be achieved by photoluminescent
conversion of 4 monochromatic blue or ultraviolet laser beam.

I. Introduction

In a recent review of laser display technology Baker!
pointed out that considerable motivation in this field
stems from the promise of producing a eathode ray tube
type of display with essentially unlimited sereen size.
He concluded that although adequate light beam modu-
lation and scanning techniques are presently available,
broadly applicable equipment awaits the development
of an efficient multicolor laser source.

Although such a multicolor source would indeed be
desirable, the prospects for its realization, even in the
distant future, are speculative. However, it is clear
that efficient monochromatie or limited color range laser
sources can and will be developed.? The purpose of the
present work is to show that a monochromatic laser
source is satisfactory for white light and multicolor
displays when advantage is taken of photoluminescence,
the absorption of light of one wavelength and the sub-
sequent emissions at another wavelength. By prop-
erly coating a viewing screen with existing organie and
inorganic phosphors it is possible to efficiently convert
monochromatic blue or ultraviolet laser light into
virtually any visible color including white. An addi-
tional benefit of this eonversion is the elimination of
the unpleasant granular texture generally associated
with direct viewing of diffusely scattered coherent
light,® because the converted light is incoherent.

The basic physies of photolumineseent conversion is
quite simple. Photons from a light beam such as a
laser beam are absorbed in a material which is thereby
raised to an excited state. This excitation equilibrates
in a brief interval, typically 10~* sec to 10-* see. Equil-

The authors are with Bell Telephone Laboratories, Ine., Mur-
ray Hill, New Jersey 07974.
Received 16 March 1970,
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ibration can proceed both radiatively by the emission of
a photon and nonradiatively by, for example, a series of
phonon interactions. A material is considered to be a
phosphor if radiative emission is observed. The rela-
tive strength of radiative transitions is specified in terms
of the phosphor's quantum efficiency, defined as the
ratio of emitted photons to absorbed photons. In
general, the energy of the emitted photons is less than or
equal to the energy of the absorbed photon (Stokes's
law). That is, the color of the emitted light is either
unchanged or shifted in the direction of longer wave-
lengths. In certain limited cases anti-Stokes (shorter
wavelength) emission is also possible when additional
energy is supplied to the single photon excited state by
other means such as thermal excitation or multiple
photon absorption.' In the present work we will con-
sider only Stokes emitting phosphors which have suf-
ficiently high quantum efficiencies to be of interest for
laser display applications. Some emphasis will be
placed on those materials that can be excited by the
argon ion laser which is presently the most suitable
source for a laser display system.

Il. Characterization

There are four basic properties that characterize
photoluminescent materials. They are (1) absorption
and emission spectra, (2) conversion lifetime, (3)
quantum efficiency, and (4) absorption ecross section,
It should be noted that the last three properties can be
functions of the exciting wavelength. The features
that make a phosphor desirable for application in laser
display systems can be related to these properties.
First, the phosphor must have a high absorption cross
section for the exeiting laser wavelength so that nearly
total absorption ean take place in a thin layer of mate-
rial that is coated onto a secreen. The phosphor should
have an emission spectrum in a desired wavelength
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range with a high quantum efficiency, say, 509 or

- greater, since the display screen size is limited by avail-

able light intensity. In addition, the conversion

~ lifetime should be sufficiently short so that the sereen

will not be overly persistent; there is no perceptible
consequence if the lifetime is exceptionally short.®
Finally, the phosphor should be inexpensive, stable, and
preferably nontoxie.

Ill. Materials

Rather than attempting to cover the broad field of
phosphors, we will discuss, by way of particular ex-
amples, those materials that we consider to be par-
ticularly suitable for laser display systems. They

- generally fall into two categories, inorganic rare-earth
phosphors and organic dye phosphors. To a lesser ex-
tent we will also consider inorganic compounds that are
activated by transition metals and other organic mate-

- rials such as the aromatic hydrocarbons.

i

~A. Inorganic Phosphors

According to Pringsheim,® practically all molecules
that are photoluminescent in condensed states are

- rather complex. The only exceptions are the positive
- ions of some rare-earth metals. The optical properties
of these ions are so little perturbed by the surrounding
medium that, even in erystals, they behave almost like
isolated atoms, and their energy levels are well known.”

e

- The rare-earth Th®* is a particularly useful ion since
 the wavelength for maximum absorption of its 5D,
manifold corresponds quite elosely to the blue (4880
A) emission of the argon ion laser, When this ion is
- embedded in a properly chosen host, such as a tungstate
or & molybdate, it will emit upon excitation a strong
greenish-yellow color which has a peak at approximately
5440 A7 The lifetime is approximately 0.5 msec,
~and the quantum efficiency is high, approaching 1009.
We have examined the performance of Nag.sThe.s WOy
under excitation by an argon laser (4880 ‘H) and find
that 1-mm thick sample absorbs approximately 50%
} of the incident beam. This absorption cross section is
substantially lower than eptimum since a considerable
~ thickness of material would be required to coat a display
. screen.
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th 1. Relative absorption spectra of Th*+ and Eu** and the

‘emission spectra of Eu?*. When these two rare-earth ions are

‘included in the same host, such as Nag s Thg 55 2 WOy, absorp-

{ion of argon laser radiation at 4880 X is due to Th*+ while excita-

\ tion transfer to Eu®* results in the characteristic Eu?+ emission
spectrum which peaks in the red at 6140 A.
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Fig. 2. Relative absorption and emission spectra of YAG:Ce.
The broad absorption band is due to a d-band excitation.

It is possible to achieve other eolors by photolumines-
cent conversion using different rare-earth ions. For
example, Sm®+ has a peak emission at 5980 A, Eu®+ at
6140 A, Dy3+ at 5740 A, and Er*+ at 5520 A7 How-
ever, none of these transitions other than those for Th*+
can be directly excited to any extent by the 4880-A line
of the argon laser. Generally, shorter wavelength
excitation is required. However, indireet excitation of
Eu®t is possible through an intermediate Th®+ ion.?
For example, excitation transfer from Th*+ to Eu?+ in
Nag.sTho.2sEug.ssWO; causes this material to emit a
strong red color under 4880-A illumination. The ab-
sorption bands of Th** and Eu®* and the emission of
Eu®+ are displayed as a function of wavelength in Fig.
1. The absorption cross section, quantum efficiency,
and lifetime of this material are sxm}lar to Nag.sTbo.s
WO, discussed above.

The Ce®* and Eu?* ions are exceptions to the general
observation that the fluoreseence of rare-earth ions is
little affected by the host. This is so because their
emissions are from d-bands which strongly interact with
the crystal field.* A rather unusual but useful material
is made by adding cerium to Y AlL:O; (YAG). The
lower excited states of the crystal field components of
the 5d configuration of the YAG:Ce composition are
sufficiently low in energy that absorption of 4880-A
light becomes appreciable.® Figure 2 shows the ab-
sorption and emission spectra in detail. Note that the
peak of the emission spectrum oceurs at 5500 A, the
wavlength at which the eye is most sensitive. We
have found that at 4880 A the absorption eross section
is approximately 30 dB/mm/wt 9, of Ce added to the
YAG host. In addition to this relatively large absorp-
tion cross seetion, this ecompound has a very short life-
time of approximately 0.07 psee (Ref. 11) and a quan-
tum efficiency of approximately 709,. These proper-
ties make YAG:Ce very attractive for display screen
applications. Furthermore, this material may be
tuned for a particular use. By replacing some Y with
Gd the peaks of the absorption and emission spectra
shift to somewhat longer wavelengths, while replacing
Alwith Ga causes the opposite effect.® Other Ce®+ and
Eu*t compositions that have been investigated®™
require excitation at wavelengths substantially shorter
than 4880 4, generally in the ultraviolet.*

In addition to the rare-earth compounds, there are
large classes of inorganic phosphors which have 11-VI
hosts such as ZnS and activators such as Bi, Mn, Cu,
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