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(~ We, WESTERN BLBCTRIC for ree:ei.viJ;lg said beam and over which said
CO :ANY INCORPORATED of 195 beam js deflected by.said deJlecring~ and
Broadway~ New York Oty, New Yodr; Staff, means for modulating the laser output beam 45
United States at Ame.ric:a, a Corporation to V'U.'y t.I:Je iDtm&ity of me emission from the

5 organized and existing under the laws of the screen, said screen comprisiDg essentially a
State ~New YOlk, United States of Ameri~ material which may be rcptesl!:l1ted: by the
do hereby declare the invention, for which we formula
pray that a patent may be granted to us, and
the method by whidl it is 1b be performed, i:IIk.,Ce.:Gda8.,...Ga:.012 50

10 to be particularly desa:ibed in and by the
following statement:- in wbidl a is ytJDriUlIl., lutecium or lanthanum

The invention relau:s to visutl display ap- or a mixtnre thereof, (J is "uinimn or a mix-
para1m. ture of a!nmininm and indium or aluminium.

Interest in laser display systrms is based on and scandiUlIl.t x is from 0.0011D 0.1$, y is
1S the premise of saeens of essentially unlimited from 0 to 2.999 and z is from 0 to 3.0~ the dis- 55

size. Many of the elements necessuy for stdI play resulting from said deflected~ beam
systemS are presently available. High intensity and the emission from said phosphorescent
lasers operating at a variety of frequencies composition being essentially free from speckle.
within the visible spectnI1l bave been demon- Aa:ordiag to another aspect of the invel).

20 stl*d as having modulatim and scanning tion 'there is provided visual display apparatus 60
techniques of sufficient capacid:y fOI' most~ comprising a laser far emitting a beam of
jected uses. radiation at a wavelength between 0.3 and

One popular approach, production of images 0.53p, .tneaD5 for deflecting said beam., a
by direct reHection al visible emission is am- screm for rmving IS8id beam. and over whk:h

25 jed: to two drawbacks. FU'M', images are said beam is de.flected by said defiectingmcans~ 6S
manocbtomatic of a pa;rt:icWar we11..defined mf means for modulating the laser outpUt
wavelength so that images produced by use beam so as to vary dJe immsity of me emis-
'Of an argun-iOll laser, for example, may be sian from the~ said screen oomprising
blue and black; and, second, tefiection of co.. a~af~ -.~-

30 hereiuI: laser outpot produces a spec:k:led im.agt ing of at least OI*:: arganic~such that 70
due to periodic reinforcement of the scatI1!::red the display resulting from said defkuerl1ascr
~ See VoL 46, Bell System Ted:nicol beam and the emission from said phosphores-
]ournol, p. 1479,S~, 1967. cent O>mposition is essentially free from

So far as is known, 1here has been no pro- speckle.
35 posal to eliminate speckle from laser vimal In 0I1e! edJodiment of the invenrlon there 7S

display systems. .is used a phosphoresceat sc:rem of cerium~
Acoording to one aspect of the prt::seDt in- aetiva1M garnet energized by a laser emitting

vention there is provided visual dispJay appara- in the visible spectrum at a sDm.eWhat shorter
tuS comprising a laser for emitt:ing 81 beam of wavelength than 1iJe bulk of the emission from

40 radistion • a wavdt:ngdJ between 0.3 aI»d the screen. In aptef~ arrangemcm: yttrimn 80
0.53p" IDeaIIS for defleoting said beam,. a aluminium gamet a:uaiD.mg cerium is used.
screen, comprising a" pbosphotesaDt mzte:riel, The c:haracterist:iy yeDowish eM of the
[po. .. ~
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2 1,305,111 2

emission from this phosphor as seen by the. eye present as self-supporting members 01' as coat-
is adjusted to eppe&r more nearly white by :ings, and they may be made up on 'ODe or any
deli.bera:te refiectian of a portion of the laser combination of OJIlourants required lID produce

. emission. the desited balam::e. Similarly, the amount of
5 From the compositioaal standpoint, a pre-- reflected laser radiation may be varied by 70

ferred fonn. of this embodimeDt of the inven- delibe:mte inclusion of Ie inert tt~ in
tion utilizes a· screen coated with cerfum- the phosphor. So, far example, a fillet such as
doped yttrium abllDininm garnet (YAG) eo.er- talc results in an increase in ratio of reflected
gized by an argon-ion laser atraI1Fi so as to to converted energy.

10 emit at 4880 .A. The cerium-aetivated phos-- For a better understanding of the invention, 75
.phor emi1s over a broad range ofwa~ reference is made to the accmnpmying draw-
centering about 5500 A. ings in wbich:-

Varla.tiv:os include other laser~ such FIG. 1 is a Perspective view of a system em-
as a cadium.-ioo laser which may emit at 4416 bodying the invention;

15 .A, as well as variations in the phosphor com.. FIG. 2 o.n co-ordinatr:s of !relative intellSity 80
position. The absorpi:icm peak: for the phoB- based on a maximum scale ftlue of 100, and
phor may, however, be sb:ifb:d to more closely wavcleDgdl in micr:ons, is a plot of the emission
match a parti.c:ulBr energizing sourcej and to and associated e:xcita.tioo spectra for umnodi-
this end, in the garner, alumiDium may be fied c:erimn..doped YAG;

20 partially repla.ced by gallium to shift the FIG. 3 on co-ordiDatEs rtf iInmsity in 85
absorpi:icm to 6horrer wa~kngth, crr yttrium arbitrary nn1tB and waveIflngtbs in angstromS,
may be replaced, in whole Q[' .in part, by is a plot of the emission for i1lustrative
gadoIinium to shift the absorption 1b longer co1our8:nts under 4880 .A excitation; and
wavelength. Since a shift in absmptioa geaer- FIG. 4 is a chromaticity diagram showing

25 ally produces a WLmsponding shift in emission the co-ordinates of several partiaJJa:rly useful 90
in the same directioa, colour adjustment (for phcspbar emissions.
example, to produce a white image) by refiec. FIG. 1 is a perspective view of a simple
don of a portWn of the laser beam amtinues to system embodying the in\'e111ioo. &ergizing
be feasible. light is produced by .laser 10 which may, fIX'

30 When the phosphor composition is at least example" be an argon-ion laser or a cadmium- 95
in part organic.due to the large varlaUOII! of ion laser. The emerging beam 11 first
mat£riaIs which are suitable for use, few li:mita- enters modulator 12 w.bicb is provided with a
tions~ plac%d on the natute of the energizing modulating signal by means, not shown, far
l8$er. Suitable lasers include argon-ion emi1rting ampIitnde modu:la.tiDg die beam. Modulation

35 at 4880 A a:IUi cadmilJDl.-ion emitting at 4416 may be acmmplished, for example, by eJectto... 100
A. 'The range of suitable excltiDg wave-1eDgtbs optic, acoosID-optic or magnettl-oplic teehni-
·for usable monocbromatic~ is from qaes.
abcmt 2500 A to about 5500 K. FIG. 2 presen1S the emission and orelated

Specific wave1eDgtb& witbio. this bmad. range excitation spectra for cerimn-doped YAG. The
40 are chosen .in llIX'OI.'dance with dJe phospho!' emission SJ?t!Cbam is in broken. ontliIle with a 105

charactedstic:s. Generally speaking, saitable troa.d peak having its maximum value at a
pbosphm materials ·are argmic dyes or pig- waveleogtb of about OSS micron. The associa:-
mc:D1S many of which are commerc:ia11y avail- ted excitalion spectnmJ. shown in solid ootUne
able and in widespread use. is a measure of 1he inteDsfty of the emission

45 In this desa:iption, use will be made of the Dated for various pump :frequencies. The n1O$I: 110
term .. co1ourant" or .. mganic coJ.ourant". It p:ronounced excitation peak coincides with a
is 1D be unde:l'stood that this term includes pump wavcrleogtb of about 0.46 micron. The
photol.umiDesceot organic dyes and pigmen1S. emission wa'ftiengtbs for two prominent laser
Pigme:ots a:re pa.1'Iicn1arly useful and may be Jines are also fudicated. The first, for the

SO farmed by dissolving a dye in an organic ;r:esin argon-ion Iase:r, isat 0.488 micron. The second, 115
solution which .is SIlbsequentIly condensed. It is for the cadmium-im laserJ is at 0.#16 micron.
known that luminesa:nt efIiciency in certain The laser lines are shown as solid verdcal
cases may be enbanted if the dye is absorbed lines.
on a colloid whidb. may take the :form of gel A description of suitable aoousto-optic

55 fibres or particles of'high molecular weight devices is con:tlIiDed. in VoL 46, Bell System. 120

polr:the YAG-cerium pbospIm display, r:=eca1
~~.~~~

absorptions in the phosphor are generally Vol 38, l~ of A.pPlied PJrysics, pp.
broadband and the emission peak is :relatively 1611-1617, March, 1967. In ~y event,

60 iDsemiti9'e to a sb:if:t in energizing. wavelength. moduJatian:may be accomplished by altming 125
This phenom.enou is quite usefal since it may the 1Dtal amount of light of a particuIar
permit sa'bst:itu1ion of laser sources without poIarlzation smse which is passed by aD
marked c:haDige in~ emission colour. an'aIyser ina>rporated in the nwdu1atDr, or

Monocbromatic displays :result fnm use of altemative1y by controlJiDg the amomt of
65 homogeneous phosphor screens. These may be light which i&~ acorstn-opI:ica. 130
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Upon emerging from. moduJ.e.1m' 12, the limn for aluminium). From the same stand-
beam, now d:e:o.cJttd 13, ea.tm' deflector 14 point for this prefe:rr&l embodiment, the phos-
which produces the rappropriate horizontal: and phot should not be :modified So as to result
vertia1 deflection so as to m SdreeO 15. De-- in- an excitatiOJI peak at wavelengths gremter

S flectnr 14 may advantageoos1y operate: on an than about O.5SIJt (or, mote properly encrgi.?a... 70
aooustO-optic principle, see, for~ Vol. oon shoold not erceed this !limit) s:im:e even:
57 Proceedings of the IEEE p. ,160,. Cbrnary, ine:ffeoti.~ COIlversioo will resWt in addition of
1969. The defiectot' 14 may also perform the some longer wave1eDgtb light and, therefore,
modulation fmt:tion eliminating the need for will impart a yeUowish tinge 1:CJ the reHec:ted

10 a separate modufaux' 12. Earlier d.efiect:or emission. YAG in which 70 attJm per cent'. 75
systemS utilize lJIfdmnjOltl, sometimes motor yttrlmn is replaced by gadolinium correspoods
driVf:l:1" scanners. with this condition and, t:herefon; this repre-

One SIJitab1e composition f~ the phosphor ~ts the maximum uncompensated partial. sub-
screen contains trivalent cen'um in an appro-- trtitotion of gado1ini.um for the ptefe:m:ed em-

15 pri8lte host. Emission of Cet+ is generally in the bodimeot. 80
near ultraviolet portion of the spa::ttmn. How- Suitabl.e phosphor comp<mtions depend upon
ever, it is k:Dowu, probably due to the latge: cerium activation. A suitable cerium range is
crystal fielld spJittings in garnet such B YAG,. from I3bout: .001 to about .15 atom. per for-
that emission may be shifted to the visible pot- mula UDSt of game!:~ au the stDichio-

20 oon of 1he spect:nun. As 'SeeD. from FIG. 2 the metry YoaAls012). (0} substitutes for yttrium 85
emi!si0ll fur YAG: eea+ is quite btoad with a and therefore teduces the amoont of this com-
peak lit about 0.55 mi:anm (yellowish white). pone.at by an equal amount). The lower limit
The peak absorption in d1at lattice centres on cerium content tePlesen1:s die minimum
about 0.46 miaon and this absorption spec- cona:ntratixm resalting in a readll discemib1e•. . y

25 trum is suitable for use eitbet with 1fIe argon re-eaII!lSiOl1 JIllllgJ:, while the DVlximum 90
(.4884p} or cadmium (.4416p.) laser. As dis- approximau!y coincides with the soWbiIity
cussed m a subsequent sectOOa.l there may be limit in the garnet. A Ple:ferxed ce.rium range
no particWar advantage gained by shifting the is from .005 ttl .10. The bwer filmit is base:l
absmption to ea.cdy coincide with the laser em mjnjtm1ID concentr&tioD requiIt:d fat a !te-

30 emission. emission image discermDle in ordila!y room. 9S
While reference has been made 11) " absorp- ~ and the upper limit is occasioned

tion~ ••, 0IJ1y the absorbed eIlfl1'SY by the faa: that further increase results in little
which 18 converted to visible ernisskm as dis-- impttJVemenr. Its prefemlre is based largely
cussed, is of ccasequem::e. Absorbed energy on eoonomics (as co.aipared with the broad

3S usefully coo.w.rt'ed in this fa.shiQn may be repre- maximum above& 100
sented in terms of ad ecezcitadon" spectntD, In view of above c:onsidera1ions" the
and it is in these trmlS that the data of FIG. ove:ralIl garnet phosphor limits may be set
2 is !epIest:nItcL f01llh as:

The excitation spectmm in the cerium-
40 doped garnet may be shifted ttJ 80"00Jmodate Yk-7CexGd,AI,...Ga.0 13 (l)

the lasers discussed or to IDDte effectively
utilize ot:her laser sources. To this cod, the pro. in which 105
totypical compositioD, YeAlt0lb.tUY be ttiodi~ x is from 0.001 to 0.15 IX' in the preferred
tied by partial or 1bta1 sabstitutim of gallium range is fra:n 0.005 to 0.10~

45 for abllDjnjmn and/or gadOlinium for yttrium. y is from O. to 2.999 and:
The form&:r has the effect of moving the C'X- z is £rom O. to 3.0.
citation peak to shorter wavelength wbile the

Certain other substltlllions are posRbIe. So,latter has the oppcske effect. The peak af the 110
excitation spectnII1 may be tailated in this for eumple, lutecium or Ian1:banum may be

50 ma:nne.t within the- tange of from aboot .33 subslitut'ed fur: yttrium, and indium 011:" scan-
miCtIDD m about .48 micron.; .however~ useful diwn may repJacc aluminium in part:. However,
emtation may be a.a:omplished over the since suitabh: ercitation and emission spectra
broaQer range of about 0.30 micron to 0.53 may be obtained in the IDOII."e amunon and 115
micron. more~ YAG or substituted. YAG

55 A shift in the excitation spectrum produces ~ it is not~ tbat further modi~
an .accompanying shift in the emissiOJ1 spec- fkatioos wnJ. go intb amJ:IIIa'clal use.
trum with the range of emission peaks being While ocx:asions may arise in which it is
from about 051 micron to about: 0.61 microns. desired to produce co1om'ed: or off-white 120
For the pteferzed fJIJlbodimelIt: designed to images.. the e:oio:Iimeot is primaiily con~

60 Produce a whire or near-white im.age, the cemed with whtte or DellIl"-white images. In
enrlssim peak shooId: not be at wave1eDgt:bs the umnodified YAG: Ce &ystem using an
leSs than ebOlIt.52 DUdron (amespondidg with argon or cadmium laser~ white images maY'
an excitation' peak of about: .43 micron which temlt by com.pensa1ian of the secondary 125
results in a YAG~ mOOffied by yel1kJw cast eariission by some re.flection of the

65 sUbstitution Df about 4 atom Per r:ent. gat- sliorter wavelength laser emissimi Under these
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circumstanCeS it is desired to design layer are those which faIU within the pllygon dete:r-
thicknesses and compositions or provide far mined by straight lines which connect adjacent
some refh:ction such that total absorption does primaries. As an example, the dotted triangle
not result. in FIG. 4 encloses the oolour gamut of a

S Modification of the YAG: Ce system within shadow mask colour CRT. Far~ 70
the compositiooal range descnDed may shift there is also shown the majOl1' cadmium and
the emjssion so thait it needs no compensation. argon laser lines at 4416 ~ 4880 A, and
This may be accnmpIis,hed for exam~ by 5145 A as well as the emissions of three pbm-
partial substitutioo. of gallium for aluminium in phors (N~ 3485, 3483 and 3484) which are

10 the 200/0 to 60010 mnge per fornmla UIJit. Rhodamine based pigIII.eun). The attOW on the 75
Under sach circumstances, the phosphor layer 3485 dye emiSlri.oDslwws the effect of adding
is designed so as to result in little or no re- phthdocyanine toner, which se1ectively absorbs
iiection. This may be accomplished by~ the longe:r wave1eDgt:h yellow and red portion
viding for essentially complete~ and of tlb.e emission to produce a more vivid

15 minjmal refIfJct:ion. green. It can m seen that the combination of 80
Inone experimen.tBI~ apparen1'ly light from either of these b1ue J.u:er sources

whi~ images res$ed. from use of the composi- and e!II1issioo iirom. the 3483 mui 3485 phos-
tion Ya.99Ceo-o~OUl' It WIS found: that pm tedts in a aolour gamut similar to dlat
appro:ximately 500/0 of the energy of a one of the ca10ur cathode ray tube.

20 watt .4881' argon beam was absorbed in a layer A black and white display can be ac;bieved 85
thickness of about 0.4 miHimetres. The image by scanning a monacbromatic .laser beam on a:
could be fmther inumsified by providing a viewing screen: that is costed with an 'llppl'O-
mirror bacldng tbeteby resoldng in total prlate blend of phosphors and direct scattering
absorption (within the exc:itation band) of materials sucb as powdered MgO or talc. For

2S ~ 7,..,;" of the lasc:t energy. The approxi- exam.p~ a combination of scatteted light from 90
mate zsala of the laser energy which is refiec.. a blue argon-ion 1&er beam (4880 A) and blue-
ted soffices to compc:nsate for the yellowish to-red converted light from. either of the
cast of the re-emisskm- ~ dye pbosphon 3483 and 3484 can

FIG. 3 presents the emission specI1'a for two product: a white appea.rance since a straight
30 organic phosphon and their 50--50 blend.. line amnecting these primaries on the cbrtJma,.. 95

.The p1msphors are t=!: 1,8-naptbal p- ticity diagram passes very near to jJbuninant .
xenylimidC (peaking at 5300 ) (curve A) and C.
Rhodamine (peaking at 6050 A) (cmve B). A mmbjnatioo; of more than two: primaries
Both iIuo:rersce with high efficiencies' (greater can also be used: to prodUce white. As an

35 than 500/0) under 4880 A ereitation. The exznpe, It Cd-He laser beam which 100
broken line~ a particulate 50-50 iIhnnmates a COt1'eaIl1y proportionedmixtnre of
mixture of these two phosp1wr.J. The individual MgO and dye phosphom 3484 ani! 3485 can.
p1msphors fluotesce yeI)ow..green aDd red. be used ttl m:hicve a white appeanmte. .Alte.r-
Their combined output is~ The blue natively, MgO may be replaced by pyre.lerw-

40 content of radiation from the screen can also be cmtaPring materials or 7-diet:hyi amino, 4- lOS
ertbanreA by addition of reftective matter to methyl coumarin-mnrajning materials (bluo-t'O-
increase the fracI:ion of 4880 A laser radia- blue and uI1raviolet~to-b1ue amvertiDg pJm..
tion re:flected when this argon-ion laser radi- phots, respectively, to completely eIimi:natt:
arion is~ for example. He:aa; the overall speckle.)

45 effect is to prod~· a white appearance to RegaIdItss of how many phosphors are 110
tbeeye. used, it is appaIrellt from tile chromatici1;y di&-

FIG. 4 is the hrternaticmaUy ac:c:ept'ed em gram that a nec:essuy oondition for acbieviag
chromaticit¥ cUagram (see Applied Optics: A. a true white is that: the illl1mina:ting laser beam
guide to Modem Optical System Design a. bave a wavelrngth of approximately 4950 A

50 Wiley & SODS 1968) Ch. 1 by L. I.ev.11 which or shoirlzr. Otherwise, it • impossible to in- 115
can be used as a guide in asseJlSing the colour cl.11dc HbltDinant C withUr II; polygcm: whose
~ of a display systmJ.. In this diagram" primaries are the sotree and any o::nnbination

satarated (JI1OnO!d:m:omat} co1om's are 1oca- of longer waveJeagtbs that am be achieved
ted on the perinmr.e:r of the hoIse-shoe-sbap by dowD<cnversioJ1 of frequency. FOI'bJQafe1y,

55 plot, while colouts of decreasing saturation the argon~ion laser satisfies this' necessaly 00I1- 120
app1'I1'8Ch j1lImnjnam C 'W!hid1 is It white colour clition. RepIesentative materials and the colour
equivalent 10 average daylight illumination. which they fIuamce include pyre1ene (blue~;
Every . real mtour~ regardless of i1S' spectral fluotescein (yellow..green); eosin =;
complexity, can be represented. by a single Rhodamine-~mi); Rhodamine-6G );

60 point (Xl or within this plot. A straight line acridine ~; aetifiavin .(ydIow~green); 125
COJ11U!Cting any two pain1S' (p:rimaries) repre- na~ (red); llU13D1ine-O (yelIow~

sents the locns of possible coIOUES that can be green); 4-amina, 1,8-naptba! po.xcnyJimide
achieved by blending them m varying p;ropor.. (yellow-grem); and 7-diethy~ 4--methyl

6S
lions. Similarly, the gamut at ct:J1ours possible coumarin (blue). Other dyes 8Ile xanthene,
by the combination of more than tWCJ primarles ~ Dxazine, driazine, aaidine, flavin,. 130
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uapthaDmide and 0l0IIlaIin derivatives. Data optimize screen: composition for a given laser
5DJ1 ablbptiou ami: emissioo of selected dyes is source.

given in Table I. Such data may be used 1D

TABLE I

Absorption and Fluorescence Bands ofDyes in Aqueous or A1coholk solutiODS

(Approximate limits ofbands in Ai peaks of bau.ds in parentheses)

First Fluorescence
Compounds Absotption Band Band Colour

I. XANTHENE:

F1UOlIJl UoV. 2900-4600 violet
(3200) strong

Fluorescein 4400-5200 5100-5900. ye11o.green
(DihydroxyB.uoran) (4940) (5180) verystroDg

Eosin 4SOO-56OO 5200-6000 yellow
(Tetrabromo1luorescein) (5170) (S400) strong

~ein)
4600-5560 5180-5880 yellow

(5165) (5375) weak

Rose benga1e (5438) 5500--6700 orange
(Tetraiodo- (6000) very weak
tetraeblorocluorescein)

Rhodamine B extra 48()()..4)()0 5500-7000 red
(5500) (6050) strong

Rhodamine 6 G 4800-5900 5360-6020 yellow
(5260) (55SO) strong

Acridine red 4550-6000 5600-6800 orange
medium

Pyronine B 5400-5900 5600-6500 %
II ACRIDINE:

Acridine
.

3()()()-...45()0 4000--4800 b1ue-violet
medium

:~yellow Uov.-5200 4750---6400 green

EuCbrysine Uov.-5400 . 5050-6700 greenish-
(5850)
~

~A Uov.-5100 4790-6500 green weak

Acriftavine (Trypaflavine) Uov.-SOOO • 485().......6600 yellowish-
green strong
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Compounds

IIIAZINB:

Magdala red

Safranine

1,305,1,11 6

TABLE I (continuBd)

Fluorcscence
First

Absorption Band Band Colour

4000-600O 5500-7000 redstroDg
(5240) (6000)

(5390) yellow-red

IV TBIAZINB:

Thionin.e

.Methylene blue

4800-6300
(5800)

5500-7000

orange
medium

red medium

A napthaijrnide dye; 4-amino, 1,g...napthal length blue.light such as the 4579 A emission 45
p-xen.ylimide (yellow~gree:n) and two Rhod~ of aD argon laser or 1!b.e 4416 A emission of a
amine dyes (orange and red) are exemplary. cadmium Jaset, while it bectmes green fluo.res.

5' Their emission spectra for 4880 A exdtuion cing under 10Dgar wavelength blue excitation
exhibit peaks at 5300 A rr=-green), 6050 such as the 4880 A line of an argon laser. In
A (Orange-!red) aud 6200 (red) lespective1y. addition, pigments of coumarin which 50
It has been detmnined that the:i:r li:fet:iDms are .fI.UOl'eSCe bJne under near ulttavio1tJt excitation
all considerably less than one miCl'OSl:lCmld and are comm.e:rciaiy available.

10 their absorption cross sectiOJlf are so large that In the sysrem having aD organic oo1Ol.1!18Dt
the entire laser beam is abmrbed within thin phosphor and using an argon or cadmium 18ser,
:Iilms which are approximatl:ly 0.1 mm thick. white images may result by adjUS111lCIlt of the S5
Their absorption bands are quite broad, in~ saeen composition to a yellow cast so that
clading essentially all of the violet and blue teftected blue adds in to give a: whiter image.

IS' and a poI'liOJJ of the green. It has been estima- However, as with the ga:mot phosphors, suit-
ted that their quantmn efficiencies are above able choices of phosphors can readily be made
500/0. 'l.lms" these matrrials are well suited. SO 1!bat 110 oompensatimr is needed. This may 60
for laser display systems. be atromp~ for emnp1e, by blending

The colours of these .fI.uoresciDg dyes may be particulate mixtures of blue, yellow and red
20 modified somewhat by varying the type of emitting phosphors. Under such c:ircmnstances,

carrier which is used to formpi~ and. the phosphor la~ is designed so as to result
to a lesser em:nt by vuying the type of in little or no reftection. ThJf may be ac:com- 6S
vehicle, or binder, infX) which the pigment is pUshed by pmriding for essentially complete
incorporated. It is also possible 1D modify absorption and minimal te:fiection.

25 co1outs by combining fluarescent dyes with It is appareat that fiual desigo of a phosphor
non.ft.aorescent dyes that se:lectbdy absorb a screen depends upon power levels, lase!:" wav&
portion of the e:missiou spedl'Um. For example, leugths, phosphor absorption level, and emis- 70
the emission spectrum of the naptbaUmide sian wavelength. Re.ftection of unconverted
dye (ri 3485) shown in FIG. 3 peaks at laser emission may be enhanced by using thin

30 5300 in the green. Normally this .fI.uores- ~ by re.fl.ective backings (although this
cenc:e: appears to bave a yeIlowish-green cast also~ in additional secondary emission
due 10 the broad tail of the emissioo. spectrum during rell'avasal) and by incOIpOlation of 75
which extends into the yellow and red. How- " inert" xdeotive material sud1 as talc.
ever, 1lbis tail can be snbstantialJ¥ reduced by Variatiollfl mayutiIize a Jaser source which is

35 the ad.diti'On of. & mmfluoresdng green toDer behind rather than in frmt of a screen and a
such as a pbthalocyaniDe which abso!rbs in the variety of other amngementI h- foIdinIg

80yellow and red. The result then is a trade-off Ibeams, for modulation, and fur deftection of
of brightness for the ability to limit the spec- the beams.
tral c:onteIlt.

40 In amtmst to the many ye:tlow and red WHAT WE CLAIM IS:-
emitting~ blue emitting dyes are less com~ 1. VISUal display appan.tUs comprising a
man. However, examination of pyrelene in laser for emitti:ng a beam of radiaition at a
dHu:te ftkoholic solutions indicates that it is wavelength between 0.3 and 0.53p., means for 85
blue-.fI.uoresdng when excited by short wave- deflecting said beam, a screen, amprising a
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3. Visual display apparatus comprising a
laer for emitting a beam of radiation. at a
wavelength between 0.3 and 0,53.p., means
foil' deIlecting said beam, a screen for xteeiving

25 said beam and over wbi.ch said beam is defiec..
ted by said defiectiug means, aDd means :for
modulating the 1aseIr ootplII: beam. S!O as :m vary
the ~ty of the emission from the~
said scteeD comprising a layer of phosphore&-

30 cent COJllPO'itioD aJDSisting of at least one
oxgamc colorant such 1Ihat the display resn1ting
from. said deftected laser beam and the cmis..
sion from said phosphoresce:tt composidon is

. essentially free from. speckle.

2Q

phosphoresce:nt material, for receiving said 4.~ acaJrding to claim 3, in which 3S
beam and over whicb said beam is deflected said colorant is a derivative of coumarin,
by said deilecting means, and means for modu~ ~'~~ R1rodami~ napt;balimide,
1ating the laser output beam to vary the inte:n~ azme., or thiaZIDe.

5 sity of the emission 1b:oJ:n the screen, said sc:ree:n 5. Apparatus aa:ording to claim 3, in which
cmnpt.ising essmtially a material which may be slLid oomposition comprises at least cme of 40
represemed by the:formula pyre1ene, 7~diethylamine 4~methyl coumarin,

R.hodamine B, RhodamiDe 6G, acr.icIirJe aDd .
4-aminb l,8~Dapbtbal p-xeo.y1imide.

6. Appatams according to anyone of the
preceding claims in which said laser is an 4S
argon-ion laser.

7.~ aooording to any one of the
preceding claims in which said laser is a
cadmium-ion laser.

8. A.ppa.rattJs accordiDg to any one of the 50
precedJng~ in w.bich said screen is such
that a portion of said radiation ream is unooo...
vetted so that the co:mbinarlon of refieK:ttd laser
emission and the phosphorescent emission from
the screen appears essentially white.

9. Appamtus aa:arding to any one of the
preceding dlaims. in which said III.'OdnIail:mg
means is an e1edro-optic modnlator and said.
d.efiect:ing means is an~ defleoter.

10. Apparatus according to claim 9, in 60
whie.tt said modula1Dr and deflector constitute
a single tmit.

11. Visual display apparatus manged sub­
stmtiaIly as herein described with reference to
FIG. 1 and having as a layer upoD the screen 6S
at least one phoephoresceot material heIrein
men1ioned.

H. L JACKSON,
Chattered Parent Agent,

5 Momington Road,
Woodfcrd Green, Essex.
Agent for the Applicanta

in which III is yttrium, .b:zt:ecimn or lanthanum.
10 or a mixture thereof, {J is alnminium. or a mix­

ture of lll1uminium and indium. OIl' aluminium
and~ " is from 0.001 10 0.15, y is
from 0 to 2.999 and: 11 is from. 0 to 3.0, the
display resa1ting from said defter:rerlla6er beam

IS and El:he emissicml from said phospharescent
compositibn being essentially me from speckle.

2. Appatatus acecrdiDg to claim 1, in which
said phosp.boresceDt -composition is represented
by the formula.

Printed for Her Majesty's Stationery Office by the Courler Preas, LeamiDgton Spa, 1m.
Published by the Patent omce, 2S Southampton Buildinp~ 1.oPcioD, WCZA lAY~ from

which c:opiea may be obtained.
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