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{71 We, WESTERN ELECTRIC
COMPANY, INCORPORATED of 195
Broadway, New York City, New York State,
United States of America, a Corporation
organized and existing nnder the laws of the
o bty detave she Tapntion, o Which e
do invention, we
praytbatapmtnn be granted 1o us, and
the method bywhldntlstobepu'formed,
to be particulacly described in and by the
following statement; —

'I'hemvmuonrelamsmwmald:spﬂayap-

paratus,

Interest in laser display systems is based on
the premise of screens of essentially unlimited
mManyoitheelmentsnmryforsud:
systemsmpmmﬂyavaﬂahie.l-ﬁghmmry
lasers operating at a variety of frequencies
within the visible spectrum have been demon-
strated as having modiwlation and scanning
techniques of sufficient capacity for most pro-
jected uses.

One popular approach, production of images
bydirectreﬂemmufvm'blemssmxswb-
ject to two drawbacks, First, images are
mumcbmmﬂctgta particrlar well-%;ﬁnzd
wavelength 5o images produced by use
of an argon-ion laser, for example, may be
blue and black; udﬁroﬂmd,mﬂemmaotm-
herenmlasermtpnt uces a image
due to reinforcement of the scattered
beam. See Vol. 46, Bell System Technical
Journdl, p. 1479, September, 1967,

So far as is known, there has been no pro-
posal to eliminate speckle from laser visual
display systems.

Acoording to one aspect of the present in-
vention there is provided visval display appara-
s comprising 2 laser for emitting & beam of
radiation at 2 wavelength between 03 and
0.53;, means for defieoting said beam, a
screen, comprising a phosphorescent material,
A

for receiving said beam and over which said

bmmnsdaﬂecmdbysmdddmngmwns,and
raeans for modniating the laser output beam
mmryﬂndmmqofﬂmmsmonfromﬂ:e
screem, said screem comprising essentially a

mm:*alfo v which may be represented by the
iy

m,Ce,Gd,ﬁ,,Ga,Ou

in which e is yttrjum, lutecium or lanthammm
or a mixture thereof, S is aluminiom or a mix-
tmeufalummmandmﬂmmmalmmum
and scandium, x is from 0.001 to 0.15, y is
from 0 to 2,999 and = is from 0 to 3.0, the dis-
playresu]nngﬁomsmddeﬂa:mdﬁsm'beam
and the emission from said phosphorescent
composition being essentially free from speckle.

According to another aspect of the inven.
tien there is provided visual display apparatus
comprising a laser for emitting a beam of
radigtion at a wavelength between 0.3 and
0.53u, means for deflecting ssid besm, a
screen for receiving said beem end over which
said beam is deflected by said

cent composition is essentislly free from
speckle.

In ome embodiment of the invention there
is med a phosphorescent screen of cerium-
acuvavedgmetmrgwedbyahwmmng
in the visible specorem at a somewhat shorter
wavelength than the bulk of the emission from

thcscreen.lna efm&
o pr! amngnnmryttrmm
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- phor emits over 2 broad range

emission from this phosphtor as scen by the eye
is adjosted to appesr more nearly white by
deliberate reflection of a4 portion of the laser

From the compositional standpoint, & pre-
ferred form of this embodiment of the inven-
tion wtilizes a soreen costed with cerfum-
dopedytn:mmahnmnmgamet(YAG)eu:r
gized by an lager arranged so as to
emit at 4380 The cerium-activated phos-

of wavelengths
centering about 5500 A.
Variations inchade other laser sources, such
2s a cadivm-jon lsser which may emit ar 4416
A, a5 well as variations in the phosphor com-

this end, in the garnet, aluminiuvm may be
partially replaced by galiinm to shift the
absorption 10 shorter wave-length, or ytirium

in whole or in part, by

mayb..
to shift the absorption to longer

le, to produce 8 white image) by reflec-
example, 1o uce 4 HHage,

tion of a portion of the Iaser beam contipues to
be feasible,

When the phosphor compaesition is at least
mpmm'ganmdnetothela:gevanaumof
materials which are suitable for use, few limita-
nonsamplacedonthenautreofthemgmng
lager. Suitable lasers include argon-ion emitting
at 4880 A and cadmium-jon emitting at 4416
‘A, The range of suitable exciting wave-lengths

for usable monochromatic displays is from

abomZSﬂOAmabomSSODA.

pho@lmmatmalsmm'gamc dyﬁﬂl'PlS-
mmmmyuﬁwhcharemmnmauyawl
gble and in
Inthxsdesm:{puon,mewﬂlbemadeofﬂm
term “ colourant  or “ organic colourant ™. It
is to bemdumdmdﬂnsaﬁm inchides
photoluminescent organic dyes pigments.
Pigments are particularly wseful end may be
formed by dissolving a dye in an organic resin
so]nunnwlnchzsmbmuunﬂycondmad.hm
known that Inminescent efficiency in
casesmaybembmd:fthedyexsnbm'bed
on a colloid which may take the form of gel
fibres or particles of *high molecular weight

ymers.
P:lgmmvﬁmmmwm
absorptions in phosphor are generally
broadband and the emission peak is relatively
mmuwmasb:ftmmu-gmmgwavdmgﬂ!
phmqmmm;sqmm&ﬁdsmceltmay
permit substitution of laser sources without
marked change in enrission colour,
Monochromatic displays result from wse of
homogeneous phosphor screens. These may be

present as self-supporting members or as coat-
ings, and they may be wade up on one or any
combination of colourants to produce
the desired balance, Similady, the amount of
weflected laser radistion may be varied by

the phosphor. So,formmple,aﬁ]leranhas
talc resulty in an increase in ratio of reflected
to converted energy.

Fmabmundms:andmgofthemvmm
reference is made to the accompenying draw-
ings inf which: —

FIG. 1 is a perspective view of a system em-
bodying the invention;

FIG. 2 on co-ordinates of velative intensity
besed on a maximum scale value of 100, and
wavelmgdzmnnms,zsaplntofthemsmn
and associated excitation for wmmeodi-

is a
colourants under 4880 A excitation; and

FIG. 4 is a chrometicity d.mgramslmwmg
theco—ordmawsotsemalpammlm'ly
phosphor emissions.

FIG. 1 is a perspective view of a simple
system embodying the invention. Energizing
light is produced by laser 10 which may, for
example, be 2 argon-ion Jaser or & cadmium-
ion laser. The emerging beam 11 first
enters modulator 12 which is provided with a
modulating signal by means, not shown, for
amplitnde modulating the beam. Modulation
may be accomplished, for example, by electro-
optic, acousto-optic or magneto-optic techni-

ques.
o forﬂ;:mmdopdmi’imﬁ
excitation spectra G. The
emission spectrum is in broken outline with a
bwoad peak having its maximum wvalne at a
wavelength of abowut 0.55 micron. The associa-
ted excitation shown in solid outline
is a measure of the intensity of the ernission
noted for various pump fes. The most
pronomced excitation peak coincides with &
pumpwavulmgthnfaf:rmt(}%mlml'il;:

emission wavelengths for two prominent
lines are also indicated The first, for the
argon-ion laser, is ar 0.488 micron. The second,
for the cadminm-jon laser, is at 0.4416 micron.
L?;lasa‘hnesareshownassoﬁdmml
A description of suitable acousto-optic
devices is contaived in Vol 46, BeH System
'I'echmca.l Joumel p. 367, Febryary, 1967.
¢ devices are described in
Vol. 38, Journd of Applied Physics, pp.
et Mty 100, oy e

may by al
the total amount of light of a {vammlar
polarization sense which is passed by an
analyser incorporated in the modulator, or
almnvd by coatrolling the amount of

hghtwhd:wdr;ﬂectedacom-opmny
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Upon emerging from meoduolator 12, the
beam, now denoted 13, enters deflector 14
which produces the appropriate horizontal and
vertical deflection so as to fill screess 15. De-
flector 14 may advantageously operate on an
acousto-optic principle, see, for Vol
57 Proceedings of the JEEE p. 160, February,
1969, The deflector 14 may also perform the
modularion funetion elimivating the need for
a separste modwator 12. Earlier deflector
driven, scanners.

One suvitable composition for the phosphor
screen contaims trivalent ceriom in an appro-
priate bost, Emission of Ce** is generally in the
near ultraviolet portion of the spactrom, How-
fxv?s;slitﬁi:ld spiitigs n. gar e AR

m garnet as y
that emission may be shifted to the visible por-
tion of the Asseen from FIG. 2 the
emission for YAG: Ce?* is quite broad with a
peak at about 0.55 micron (yellowish white).
The peak absorption in shat laftice cemtres
about 0.46 micron and this sbsorption spec-
trom is suitable for use either with the argon
(:4884y) or cadmium (4416y) laser. As dis-
cussed In & subsequent section, there may be
no particular advantage gained by shifting the
absorption to exactly coincide with the laser
emission,

While reference has been mede to * absorp-
tion », ocnly the sbsorbed energy
which is converted to visible emission as dis~
cussed, it of comsequence. Absorbed energy
usefully converted in this fashion may be repre-
sented in terms of an “excitation ™ spectrvm,
and it is in these terms that the data of FIG.
2is ;

The excitaton 2 in the cerium-
doped garnet may be shifted to accommodate
the lasers discussed or to more effectively
utilize other lager sources, To this end, the pro-
totypical composition, YeAl; O1s, 14y be modi-
fied by partial or total substitution of gallivm
for almminium and/or gadolininm for yttrium.
The former has the effect of moving the ex-
citation peak to shorter while the
latter has the opposite effect. The peak of the
excitation spectrum may be tailored in this
manner within the renge of from about .33
moicron %o about 48 micros; however, useful
excitation may be i over the
broader range of about 0.30 micron to 0.53
micron. ,

Aslﬁftintheexsgt&ﬁmip:cm‘pm&m
an accompenying shift in the emission’ spec-
trum with the range of emission peaks being
from about 0.51 micron to abont 0.61 microns.
For the preferred embodiment designed to
produce 2 white or near-white imsge, the
emission peak should not be at wavelengths
less than about .52 midron (| : with
an excitation pesk of about .43 micron. which
resulis in a YAG con;pmﬂmnnﬁﬁsd by
substitution of about 45 atom per cent gal~

Iium for ahmoinium). From the same stand-
point for this preferred embodiment, the phos-
phor M“&Mﬁ"d” as to result
in" an excitation at wavelengths greater
than about 0.58y (or, more properly energiza~
tion should not exceed this limit) since even
ineffective conversion will result in addition of
some longer wavelength light and, therefore,
will impart a yellowish tinge t the reflected
migbnYAGh;vﬁcb7ﬂammpa-m
yttrium is replaced by gadolinium corresponds
withgs;condiﬁonmd,therefure,ﬂﬁsrepm-
sents the maximum wmcompensated partial sub-
stitution of gadolinium for the preferred em-

Suitable phosphor compositions depend upon
cerjum activation. A suitable cerium range is
from about .001 to about .15 atom per for-
muls unit of gamet (based om the swichio-
metry Y3Al0.), (Ce? itutes for yitrinm
and therefore reduces the amount of this com-
ponent by an equal amount), The lower limit
on Cerium content gepresents the minimmm
concentration resolting in a readily discernible
re-emission image, while the maximum
epproximately coincides with the solubility
limit ins the A cetium range
is from .005 t .10. The lower limit is based
on minimum concentration required for a re-
emission image discernible in ordinery room
lighting, and the upper limit is occasioned
by the face that forther increase resuits in little
improvement. Its preference is based largely
on economics (as compared with the broad
maxitmum sbove).

In view of above considerations, the
g&mgmmphospmnmim may be set

as;

Yﬁ-w-r(thdrAlu-uGaxom (1)
i
X 0.00% to 0.15 or in the preferred
range i3 from 0.005 to 0.10,
y i from 0. to 2.999 and

z is from 0. to 3.0.

Certain other substitutions are possible. So,
for example, lutechum or lanthanum may be
substituted for yttriom, and indium or scan-
dium may repiace atuminium in part. However,
since excitation and emission spectra
may be obtained in the more commop and
more economical YAG or substituted YAG
system, it is not expected that further modi-
fications will go into commercial wse.

While occasions may arise in which ir is
desived 10 produce coloured or off-white
images, the embodiment is primarily con-
cerned witht white or pear-white images. In
the unmodifiecd YAG:Ce system wsing an
argop or cadminm laser, white images may
result by compensation of the
yellow cast emission by some reflection of the
shiorter wavefength laser emission. Under these
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circumstances it is desired to design Iayer
thicknesses and compositions or provide for

some reflection such that total absorption does
notmult.

Modification of the YAG : Ce yystem within
the compositional range described may shift
the emission so that it needs no compensation.
This may be accomplished for example, by

flection. This may be accomplished
vxdmgforasenﬂallywmplmwbz}!%

Inoncexpenmmmlmngmmx,appa:mt'ly
white images resulted from use of the composi-
tion Y’”Cemsm}o’& tﬁ:m fm;d that
approximately 50%, energy of & one
watt 488y argon beam was absorbed in a layer
th1cknmofabout04m1ﬂ1m¢1m The image
cold be forther intensified by providing a
mirror backing thereby resulting in total
absorption (within the excitation bend) of
about 75°%, of the laser energy, The approxzi-
mate 25%, of the Iaser energy which is reflec-
ted suffices to compensate for the yellowish
cast of the re-emission,

FIG. 3 presets the emission spectra for two
organic phosphors and their 5(;—50 blend.

phosphors are ing, 1,8-napthal p-
xenylimide (pesking at 5300 A) (curve A) and
Rhodamine (peaking at 6050 A) (cmve B).
Both fluoresce with hgheﬁaenmw(gm&ter
than 50%) under 4880 A excitation. The
broken line represents a particalate 50-—50
mxxmreotﬂwemlahcwhml‘hemdmdual
phosphors fiuoresce yellow-green and red
Their combined owtput is orange. The blus
content of radiation from the screen can also be
enhanced by addition of refleciive matter to
increase the fracton of 4880 A laser radiz-
tion reflecied when this argon-ion laser radi-
ation is used, for example, Hence, the overall
g:ctismpmdnm'awhiteappearanoem
cye.
chrlj'cfm‘l.lsg::gram( Apl:edo CIE

city s A plics:
guide to Modern Optical System Design (j’
Wiley & Soms 1968) Ck. 1 by L. Levi) which
muﬁdﬁﬁkm%ﬁem
uality of a system. diagram,
gm satorated {monochromatic) colours are loca-
mﬁm%mgmmw
plot, while colours of decreasing samuration
approach illnminant C which 7s 2 white colour
equivelent to average daylight ilinmination.

Oﬁmpl 'y m
point on or within this plot. A straight line
connecting any two points (primaries) repre-
sents the locus of possible colours that can be
achieved by blending them in varying propor-
tions. Similarly, the gamut of colours possible
by the combination of more than two primaries

are those which fall within the polygon deter~
mined by straight lines which connect adjacent
As an example, the dotted triangle
in FIG. 4 encloses the colonr gawit of a
shadow mask colour CRT. For
there is also shown the major cadmim and
argonlas&rhn&sat#lﬁA,HSOA and
5145Aaswdlasﬂwmsaonsofthmphos—
phors (Nos. 3485, 3483 and 3484) which are
Rhodammebasedplgmeuts) The arrow on the
3485 dye emission shows the effect of adding
phthafocyanine toner, which selectively absorbs
the longer wavelength yellow and red portion
of the emission to a2 more vivid
green. It can bz seen that the combination of
light from either of these blue laser sources
and emission from the 3483 and 3485 phos-
phors results in a colowr gamnt similar to that
of the colowr cathrde ray tube,
Ablackandwh:red:splaycanbeaqhieved
by scanning & monochromatic laser beam on &
E o of phoshons o B e appee
priate scattering
materials such as powdered MgO or talc. For
example, a combination of scattered light from
2 blue argon-jon Jaser beam (4880 A) and blue-
to-red converted from ecither of the

A combination of more than two primaries
can also be used to produce white, As an
exsmple, & Cd-He laser beam which
jllmmpinates a oned mixture of

4 conrectly proporti
MgO and dye phosphors 3484 and 3485 cen
beusedmascheveawhm Alter-

-conieining materials (blue-to-
blue and ultraviolet-to-blue converting plm-
pim, )respecuvely, to completely eliminate

of how mony phosphors are
used, it is apparent from the chroshaticity dia-
gram that a necessary condition for achieving
8 true white is that the Tluminating laser beam
haveawavdmg:hofappmxtmaﬂdywso.ﬁ
shorter, Otherwise, it ¥ impossible to in-
chdcﬂhmnam(:mﬂmapulygmwhosc
primaries are the sowce and any combination
of Ionger wavelengths that ¢an be achieved

green); 4-amine, 1,8-fm p-myhmde
(yellow-green); and 7-d1ethy]nmmo, 4-methyl
coumarin (blue). Other dyes are xanthene,
azine, oxazine, thiazine, acridine, flavin,
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ide and coumarin derivatives. Data  optimize scresn composition for & given laser

on shsorption and emission of selected dyes is  source.

given in Table 1. Such data may be used to

TABLE 1

Absorption and Fluorescence Bands of Dyes in Aqueous or Alcoholic solutions
(Approximate limits of bands in A; peaks of bands in parentheses)

First Fluorescence
Compounds Absorption Band Band Colour
I. XANTHENE:
Fluoran Y. 2900—4600 violet
(3200) strong
Fluorescein - 4400—5200 5100—-5900.  yellow-green
(Dihydroxyfluoran) (4540) (5180 very strong
Eosin 5200—6000 yellow
(Tetrabromofluorescein) (5170) (5400) strong
Brgnosin 4600—5560 5180—5880 yellow
etraiodofluorescein) (5165) (5315) weak
Raose bengale (5438) 5500—6700 orange
(Tetraiodo- {6000) very weak
tetrachlorocluorescein} .
Rhodamine B extra 4800—6000 5500—7000 red
(5500) (6050) strong
Rhodamine 6 G 4800—5900 5360—6020 yellow
(5260) (5550) strong
Acridine red 4550—6000 56006800 orange
) A medinm
Pyronine B 5400—50900 5600—6500 orange
IT ACRIDINE: .
Acridine’ 3000—4500 . 40004800 blue-violet
_ Acridine yellow wv.—5200 4750—6400 green
Buchrysine wy.—5400 - " 50506700 greenish-
(5850) yellow
Rheonine A " wv.—5100 47006500 green weak
" Acriflavine (Trypaflavine) wv.—5000 " 4850—6600 yellowish-
green strong

Exhibit 1009 Page 5
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TABLE 1 (continusd)

Fluotescence
First
Compounds Absorption Band Band Colour
III AZINE: .
Magdala red 4000—6000 5500—7000 red strong
_ (5240) (6000)

Safravine (5390) yellow-red
IV THIAZINE:
Thionine 4800—6300 orange

{5800) medium
Methylene blue 5500—7000 red medium

A napthafimide dye; 4-amino, 1,8-napthal
p-xenylimide (yellow-green) and two Rhexd-
amine dyes (orange and red) are exemplary.
I’hurmmssmnwmforﬂso.&mmn
exhibit peaks at 5300 A -green), 6050
A (Orange-red) end 6200 A (red )rwpecuvdy
It has been determined thet their
allconmdu'ablylﬁsthanmcm:cmmndand
their cross sections are so large that
the entire laser beam is absorbed within thin
films which are approximately 0.1 mm thick.
Their absorption bands are quite broad, in-
cluding essentially afl of the violet and blue
and a portions of the green, It has been estima-
ted that their

The colours of these Buorescing dyes may be
modified somewhat by varying the type of
cargier which is used to form pigments, and
0 a lesser extent by varying the type of
ml ’m:I:opossi&e m.o;ifl;

t is )
colows by combining fluorescent dyes with
nonfluorescent dyes that selectively absorb a
pertion of the emission spectrom. For exampie,
the emission spectrum of the napthalimide
dye { 3485) shown in FIG. 3 peaks at
5300 A, in the green. Normally this fluores-
cence appears to have a yellowish-green cast
due to the broad tuil of the emission spectrem
wiich extends into the yellow and red. How-
ever,ﬂnsmlmnbembstsnmllyreducedby
the additdon of a nonfluorescing green tomer
such as a phthalocyanine which absorbs in the
yellow and red. The result then is a trade-off
of brightness for the ability to limit the spec-
tral content,

In contrast t the many yellow and red
emitiing dyes, blue emitiing dyes are less com-
mon. However, examination of pyrelene in
dilute aloholic solutions indicates that it is
blue-fluorescing when excited by short wave-

lmg:hbluehgbtmchmtheﬁ?h&emsswn

of an ergon laser or the 4416 A emission of a
cadmivm laser, while it becomes green fluores-
cing under longer wavelength blue excitation
such as the 4880 A line of an argon laser. In
addition, pipments of coumarin which
finoresce biue under pear ultraviolet excitation
are commercially available.

In the system having an orgenic colowrant
phosphor and using an argon, or cadminm laser,
white images may result by adjustment of the
screen composition to 2 yellow cast so that
reflected blue adds in to give a whiter image.
However, as with the garnet phosphors, soit-
able choices of phosphors can readily be made
so that no compensstion is needed. This may
be accomplished, for example, by blending
paruqﬂetemtxmresofblme,ydluwandmd

tting phosphors, Under such circumstances,
thephosplmrlayensdesigmdsoasmmlﬂt
in Little or no reflection. This may be uccom-
absorption and minimal reflection.

Tt 25 apparent that final design of a phosphor

during retraversal) and by incorporation of
“ inert P reflective matenial such as tale,

Variation| may wtilize & laser source which is
behind rather then in front of a screen and a
varisty of other arrangements for folding
beams, for moduiation, and for deflection of
the beams.

WHAT WE CLAIM IS: —

I.Visualdlsplayappmmpnmg
laser for abeamofraﬂ:anmata

between 0.3 and 0.53p, means for
deflecting said beam, a screen, comprising a

85
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ph materigl, for receiving said
beam and over which said beam is deflected
bysaxddeﬂecnngmeans,andmcamformodu
latlngtbelasermtputbeamtovarythzmwnu
sity of the emission firom the screen, seid screen
comprising essentially a material which may be
represented by the formula

m.wCﬁ;Gdgl&g,,G&On

mwhxdm:sytlmm,hzteamnorlmﬂmnm
or a mixture thereof,  is sluminium or 2 mix-
mofalmmmdmdlmuratmnmum
x is from 0.001 1o 0.15, y is
from0m2999md:zxsﬁum0t030 the
d;splayrewlﬁngﬁmnsaxddeﬂmdlaserbeam
and the emission from said phosphorescent
mmpwdonbungmaﬁyﬁeeﬁmmckle.
2. Apparatus according to claim 1, in which
phosp&mescaummpmumwmpmeumd

by the formula

YorCerBl;Ors.

3. Visual display apparatus comprising a
laser for emitting a beam of radiation at a
wavelength between 0.3 and 0.53p, means
for deflecting said beam, & screen for receiving
said beam and over which said beam is deflec-
ted by said deflecting means, and means for
modulating the laser outpur beam 30 as to vary
the intensity of the emission from the screen,
smdscrmmmpnmga]ayu'otfphnsphorﬁ-
cent composition consisting of at least one
orgartic colorant such that the display resnlting
from said deflected laser beam and the emis-
sion from said composition is

4. Aypm'amsmrdmgtodam3 in which

said colorant is a derivative of coumarin,

xanthe.ne, acridine, Rhodamine, napthafimide,

5 Apperanmaeccrd:ngmclams in which
said ion at least ome of

4-am1m1,8~mphtha1p-xmyﬁm1de.

6. Apperatss according to anyone of the
preceding claims in which said laser is an
argon-fon lsser.

7. Apparatms aocording to any one of the
preceding claims in which said laser is a
cadlmmn-imlasu'

8. Apparatus according to any one of the
precedingclalms,mwhchsmdscreenxsmh
that a portion of said radiation heam is uncon-
verted so that the combination of reflected laser
emission and the emission from
the screen appears essentially white.

9. Apparatus according to any one of the
preceding claims, in which said modvlating

maa:sxsandmo-opﬁcmadniamwmdmd
deflecting means is an deflector.
10, A; to claim 9, in

which said modulator and deflector constitute
a11 andlspiay arranged
isual apparatus sab-
stantially as herein described with reference to
FIG. 1 and baving as a layer upon the screen
at least ome phosphorescent material herein

mentioned,
H. L. JACKSON,
CharmdPamtAgmr,
5 Mornington
Waodford Green, Essex.
Agenr for the Applicants,

Printed for Her Majesty’s Stetionery Office by the Courier Press, Lesmington

Spa, 1973.

Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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1305111 COMPLETE SPECIFICATION

- This drawing is a reproduction of
3 SHEETS the Original on @ reduced scale
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