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My invention relates to luminescent apparatus
and particularly to tubes and systems wherein
a luminescent phosphor screen is scanned by
beams of radiant energy, such as cathode ray
beams., Luminescent tubes are known wherein a
luminescent phosphor screen is provided for de-
veloping light under scansion with an electron
beam or other beam of radiant energy, such as
ultra-violet light beam. Such phosphor screens
are characterized in that, when excited by the
radiant energy, light is liberated in response
thereto which is useful in portraying the path
of the beam or occurrences during its traversal
of the screen in which case the beam of radiant
energy may be modulated in accordance with an
unknown phenomena,
sive use for the recreation of felevision picture
replicas. Hereafter I will use the term “lumines-
cence” to refer to the light and the property of
a phosphor developing light in response to in-
cident energy excitation, and I will use the term
“fluorescence” to refer to the light developed dur-
ing excitation, and the ferm ‘“phosphorescence’”
to refer to the light liberated by a phosphor sub-
sequent to or following the cessation of excita-
tion. The term “luminescence” will therefore be
used to include both fluorescence and phos-
phorescence,

The majority of luminescent screens are char-
acterized in the fact that they exhibit both fluo-
rescent and phosphorescent properties, the lib-
erated light intensity after cessation of excitation
often being a considerable percentage of the fiuo-
rescent light intensity liberated during excita-
tion. This fact as well as the fact that the fluo-
rescent and phosphorescent light may be of dif-
ferent colors is well known. For many applica-
tions of such tubes this inherent property of a
phosphor to exhibit both fluorescence and phos-
phorescence is a definite disadvantage in that the
phosphorescence may mask the phenomena which
it is desired to portray by means of the fluorescent
characteristics of the phosphor.

It is, therefore, an object of my invention to
provide luminescent apparatus wherein the ef-
fects of fluorescence and phosphorescence may
be differentiated. It is another object to pro--
vide a tube and method of operation wherein the
phosphorescence of the material may be con-
trolled or minimized in a definite time sequence
with respect to the excitation of the phosphor
to fluorescence. It is a still further object to
provide a tube wherein masking of the fluorescent
light by the phosphorescent light is avoided with-
out diminution of the fluorescent light, and it is
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a still further object to provide a: tube wherém

“the effective period of -phosphorescence may be
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Such tubes are in exten- -
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limitéd to a predetermined length of time."

In accordance with my invention I provide a
method of developing luminescent light having
fluoréscent and phosphorescent components over
an exténded area in a predetermined scanning
sequence including a step: of extinguishing the
phosphorescent component of the luminescent
light during a predetermined time following the
excitation of the fiuorescent light. Further in
accordance with my invention I provide suitable
apparatus for performing my method incorporat-
ing ‘a composite luminescent screen scanned on
opposite “sides by beams of radiant energy sep-
arated in-time sequence, one component of the
phosphor screen scanned by one beam having a
definite spectral emission. with respect to.that
of the phosphor component scanned by the second
beam R

These and other objects, features.and advan-

. tages.of my invention will become apparent when
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considered. in. view of the following description
of my. apparatus and method of operation when
taken . in connection . with .the accompanylng
drawing wherein:

Figure 1 shows a type of tube and apparatus
made and: operated in accordance with my in-
vention and particularly suited to my method of
developing light;

Figure 2 is an enlarged view of a composite
phosphor screen:suitable for use in the tube of
Figure. 1; and

Figure 3 shows the enclosed outline of g target
area scanned by an electron beam together with
two. phosphorescent decay -curves explammg my
invention.

While I will describe one part1cular embodiment
of an apparatus suitable for performing my meth~
od  of -developing luminescent light, it will be
appreciated that my method of operation is not
limited to the particular embodiment set forth
hereinafter, but that the method may be per- -
formed with other types of apparatus and in fact
may be performed entirely by hand. Such an
embodiment of my methoed will be .described fol-
lowing- the particular references to the appara-
tus shown in Figure 1 wherein the tube | com-

- 'prises. an evacuated- envelope having two neck
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portions 2 and 2* and an intermediate cylindrical
portion 3 enclosing- a2 composite phosphor screen
which will be described- hereinafter in consider-
able detail as to -its preferred components and
method -of ‘construction. -The composite phos-
phor screen 4 is so-.positioned that it may be
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scanned by an electron beam on each side there-
of, such as developed by electrode structures lo-
cated within the neck portions 2 and 2’. The
electron. beam developing means positioned in
each of the neck portions 2 and 2’ may be sub-
stantially identical and include cathodes 5—5’
preferably-of the type which may be indirectly
heated by a filamentary heater. The cathodes
55’ may each be surrounded by a confrol grid

or intensity modulating electrode 6—=6’ connected.

to the usual biasing battery, such-as-through--a
potentiometer as shown, and to the negative ter-
minal of the potential source 1. - It will-be appre-
ciated that the control electrdde-leads-may- be
provided in series with a source of modulating
potential 8—8’ although for-certain applications
to which my method and system is particuldrly
adapted it is necessary to apply modulating:po-
tentials to only one of the grid electrodes, such
as the grid electrode 6. -However, for other ap-
plications the modulating sources may be entirely
eliminated. The electrons liberated by the cath-
odes 5—5’ and controlled by the electrodes 6—6’
are accelerated and directed toward opposite sides
of the phosphor screen 4 by first anodes 9—9’
connected to an intermediate point on the poten-
tial source T for purposes of beam focusing and
by second anodes 10—{0’ connected to the posi-
tive terminal of the potential source T so that
the beam comprising the electrons is focused on
the luminescent phosphor screen 4. Intermedi-
ate the anodes 9—9’ and the screen 4 and pref-
erably surrounding the respective neck portions
22’ I provide mutually perpendicular deflection
means, such as the vertical deflection coils 1 1—11{’
and horizontal deflection.coils 12—12’, to. deflect
each of the beams over the extended area of the
screen. 4 in such. a manner that the areas scanned

4
15 adapted to be scanned by the electron beam
I from the cathode 5 and a phosphor layer 15’
adapted to be scanned by the electron beam 16’
from the cathode 5’. These phosphor layers may
be self-supporting within a frame member or
may be on opposite sides of a thin transparent
foundation as later described. The layers i5 and
15’ are wholly dissimilar phosphor materials hav-

o ing different spectral emission characteristics.
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_'The layer 15 may.be of any suitable material hav-
.ing. peaked .spectral emission characteristics in
the vigible or ultraviolet portions of the spectrum

-and.-may’ be those materials having relatively
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rgreat ‘phosphorescence
“Various inorganic phosphors, such as manganese-

following excitation.

. .activated zine silicate, zinc beryllium or zirconium
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by one beam on one side of the screen are directly -

opposite the areas scanned by the other beam
but .at .a somewhat later predetermined time.
The deflection coils 11. and 12 are. connected.to
a conventional deflection supply: circuit shown at
13. This deflection supply:circuit. may. comprise
conventional sawtooth generating circuits or may
comprise a time axis. supply connected to. one
set. of coils with an unknown wave form applied
to the other set of coils.  Similarly the deflecting
coils 1§’—I12’ may be connected: to: a separate
conventional source of deflection supply as circuit
shown.at 13’ which may. likewise develop.saw-
tooth current forms under control of the .deflec~
tion supply 13 in such a manner that the elec-
tron beam from the cathode 5’ scans over the
same areas on the right side of the screen 4 as
the areas scanned on the left side but at a pre-
determined time following the scanning on the
left side. Obviously electrostatic means may be
substituted in whole or in part for the magnetic
means for beam deflection and means may be
provided for “keystone correction,” which is de-
sirable when the electron beam scans an inclined
target.

In accordance with- my invention I provide a
luminescent phosphor screen 4 either as shown in
Figure 1 or Figure 2 comprising a composite:phos-
phor or phosphor coated member. In-either
event the screen 4 is so positioned that it may be
viewed by an observer at 14, although where both
electron guns are angularly displaced the screen
may be viewed such as by an observer at {4’, as
referred to more particularly below. . More par-
ticularly the structure shown-in-Figure 2 may
comprise a luminescent phosphor ‘sereen having
two layer components, such as the phosphor layer
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silicate, copper or silver activated zinc or cad-

.mium-sulphides or various other materials hav-

ing a visible spectral emission under excitation
may be used for the layer 15. I provide thelayer
15’, ‘however, of .a material having - relatively
rapid phosphorescent decay characteristics with
high luminescence, such as. in the red or infra-
red portions of the spectrum, capable of accel-
erating or extinguishing the phosphorescence .of
the material comprising layer 15. The material
comprising the layer 18’ is preferably chosen to
have the same or somewhat shorter phosphores-
cence than the layer {5.and may to.advantage
comprise chromium: activated aluminum  oxide,
chromium activated: aluminum: berylliate,.chro-
mium activated. zinc-beryllium . aluminate. and
manganese activated magnesium silicate. . All of
these materials have .an excitation-band in the
red or infra-red portions of the spectrum so that
the light. liberated by the elemental scanned areas
of the layer (5’ becomes incident upon-opposite

areas. of the layer: 15. :Such opposite areas hav-

ing been previously scanned by the beam 16 may
still be liberating phosphorescent. light; and.the
luminescence from- the:layer 15" rapidly: accel-
erates_this liberation. of light thereby rapidly ex-

.tinguishing . the phosphorescence from the -layer

A5,

_The layers 15_and- 15’: are preferably of: such
thickness and -the velocity of the electron beams
from the cathodes b and 5’ are so chosen that the
electrons. do not, penetrate to.the full thickness
of the individual layers scanned by .the respec-

 tive beams and. into the:opposite layer. . _More
.aceurately these factors-are-chosen so. that-the

electron beam does: not_penetrate to_any-large
extent into and execite the layer underlying the

“layer scanned by-the;particularly electron. beam.

The light liberated-in response to each scanning
is, therefore, characteristic of the excitation band
of only the layer which:is scanned. Thus,: while
I will later refer to thelayer {5 as a-cascade layer,
it will be appreciated that this layer:or any mul-
tiple layers replacing the layer 15.are.of such
thickness with respect to the electron beam veloc-
ity from the cathode 5. that .penetration of elec-
trons capable. of: producing luminescence in the
layer 15’ is minimized.

.To prevent penetration: of electrons.from .one

:layer to another.:which might.excite: the: other
Jayer, the phosphor layers {5 and 15’ may.be sep-
-arated by a small but finite distance on opposite
-sides of an electron barrier 17. “~'Thus, as shown

in Figure 1 the layers 15 and 15’ may be on-oppo-
site sides of a. thin glass or other infra-red trans-
parent electron barrier 11 serving. as a foundation

- for the two -layers. - The separation-between the

- layers {5--and- 15’; however,-should- be--as small

75

as possible and preferably equal to or less than



5 .
the electron beam diameter to prevent loss of
resolution. Otherwise spreading of the lumines-
cence from the layer (5’ tends to accelerate the

extinction of phosphorescence before such action

is desired. ‘5 "The electron beam {6’ produces luminescence of
I have referred above to the use of cascade which the phosphorescent component is shown
phosphor layers, the principal mode of opera- by the dash-dot line of Figure 3. This phos-
tion of which is fully described in my copending phorescent component is light of low frequency,
application, Serial No. 383,893, filed March 18, preferably being in the red or infra-red portion
1941, Such screens in principle comprise a series 10 of the spectrum and is usually of lower frequency
of layers of different phosphor materials having than the phosphorescent light from the layer (5.
different spectral emission characteristics and Consequently the light from: the layer 15 is in-
related spectral absorption characteristics where- cident upon the layer 15 at the point G’ and since
by, following excitation of one layer, the second  the phosphorescence of the layer {§ at the point
layer is excited at a lower frequency by the lu--15 G’ is-still of finite value, the energy developing
minescent lisht of the preceding layer. Such a the phosphorescence in the layer {5 at the-point
multiple cascade phosphor system may be sub- G’ is rapidly dissipating ‘as shown by the hump
stituted for the layer 15, with the layer of the in ‘the curve following the point G’. The phos-
cascade having the highest frequency or shortest phorescence of the layer :{5 following the ‘point
wavelength spectral response facing the electron 29 G’ ‘is, therefore, rapidly accelerated and' extin-
beam 16 and the layer having the lowest fre- ‘guished and becomes practically zero at the point
quency spectral response facing the layer 15°. In H so that from H to A of the scanning line AB
such 8 combination the layer (5’ is of a phosphor ~  and from F-to G of the scanning line EF the
having a lower frequency or longer wavelength screen’15.is developing no useful light.. - Obviously
spectral response than the nearest adjacent-layer g5 this arrangement allows the positive extinction
of the cascade screen. : of the phosphorescent light’ developed. by the
The various chromium and manganese acti- layer i5 prior to the redevelopment of lumines-
vated materials referred to above are suitable for cence by the scanning beam 16. Consequently
use with phosphor layers of either the single or the period of phosphorescence of the line {5'may
cascade type having a useful emission spectra gg be controlled over a wide time range, limited only . -
over 5 wide range of frequencies and I have by the maximum time period between sequential
chosen these phosphor materials because their scanning of the same area and a minimum fime
spectral absorption band lies outside of the visible pericd necessary for the extinction of the phos-
spectrum so that the composite screen may be phorescence by the beam 16’ represented by the
viewed from the scanned side of the layer (5’ g5 scanning time between points &' and H.
such as by an observer at 14’. If, however, the As shown by Figure 3 the phosphorescent de- -
layer I5 is to be observed directly such as by an cay period of the layer {5’ is shorter than the
observer at 14, the layer {5’ may comprise phos- phosphorescent decay period of the layer 15:and
phors having absorption spectra overlapping the the phosphorescent intensity of the layer {5 may
emission spectra of the layer or layers 15.- Such 40 be considered substantially zero following: the
phosphors include silver or copper activated point J-so that this layer is in condition to be
zinc-cadmium sulphide of relatively high cad- reexcited without any holding over of light emis-
mium content and silver or copper activated zinc sion from a previous scansion. T
sulpho-selenide. From the above it will be evident that I have
In operation of my method and system ele- 45 provided a systemand method whereby the period
mental areas of the layer, or series of layers of phosphorescence of & luminescent screen may
represented by the layer 5, are scanned in a be controlled within definite time limits and that
predetermined sequence, such as by the electron the extinction of the phosphorescence may be
beam 16, elemental areas of the layer 15’ opposite  limited to confined areas. Previous arrangements
said elemental areas of the layer 15 being scanned g, for the extinction of phosphorescence have lim-

at a predetermined time later for the purpose
of extinguishing the phosphorescent light de-
veloped by the layer i8. This scanning sequence
and the resultant action will be fully appreciated
by reference to Figure 3 wherein the lines AB, "
CD and EF represent three elemental lines
secanned on opposite sides of the phosphor screen
4 by the two electron beams. It will be assumed
that electrons are simultaneously scanning widely

separated areas at any instant of time for which®

the instantaneous position of the beam I8 is
shown at point G and the instantaneous position
of the electron beam I6’ is shown at G’. The

dashed-line curve originating at the point G ig_
representative of the phosphorescence developed ’

by the electron beam (6 and it will be noted that
the ordinates representative of phosphorescent
intensity decrease from G to E, from D to C and
from B to G: it being assumed that the electron

beam 16 has previously scanned the lines AB,'yg

CD and E to the point G. The phosphorescent
intensity along these lines is thus shown by the
ordinates from the line to the dashed lines and
it will be noted that the intensity gradually de-_

9,408,227

" value ‘at the point G’. The electron beam (6’

however, from the cathode 5’ has reached the
point G’ along the scanning line AB at the time
the electron beam 16 -has reached the point. G.-

ited the useful light output of the device. Thus,
it has been proposed to utilize a filter transparent
to fluorescence but opaque to phosphorescence or

® to-use a food of infra-red light over the entire
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phosphor screen area to extinguish the phos-
phorescence. Obviously such arrangements are
definitely disadvantageous in that they are con-
tinuously ‘effective and considerably decrease the
light output which may be utilized to advantage.
While I have described my system and method -
with particular reference to phosphor excitation
by cathode ray beam means and with particular
reference to a preferred structure utilizing -elec-
tron beam generating means, it will be appre-
ciated that my method and apparatus is not.lim- -
ited to the forms specifically described. For ex-
ample, my method may be very efficiently per-
formed by scanning a beam of ultra-violet light
over opposite sides or over one side with electron
excitation over the other side of a composite
phosphor screen wherein the ultra~violet light is
scanned by the use of mirrors or by a scanning -
spot from a cathode ray tube having an ultra-
violet emitting phosphor - screen. Furthermore,

creases with time to the point G but is of fnite* 75 my method may be performed efficiently by man-
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ually ‘moving: a- light beam- from flashlights held
in the hand by each of two -persons-on opposife
sides of a composite phosphor screen in sueh.a
manner that the light beam developing the long-
est wavelength lisht on the phosphor- screen -fol-
lows the other light beam. Therefore, in-view
of these many modifications in apparatus and
the fact that various expedients may be -utilized
in following my method, my invention should not
be limited to the particular apparatus or to the
sequence of steps described except- as set. forth
in the appended claims.

Iclaim:

1. Apparatus for developing luminescent light
comprising a luminescent target having phosphor
material exposed on opposite sides thereof, means
facing each side of said target to subject each of
said sides to a beam of ‘luminescence exciting
energy, the said phosphor material on one side
-of said target having a spectral emission, when
excited, of higher frequency than the said phos-
phor material on the other side of said target
and means to scan said beams of exciting energy
over similar paths on opposite sides of said target
and at non-opposite points at any instant of time
along said paths.

2. Apparatus for developing luminescent light
and extinguishing phosphorescent light compris-
ing a composite phosphor screen of extended
area, said screen including oppositely disposed
rhosphor materials excitable to Iluminescence
‘under incident excitation at different wave-
lengths, means to scan elemental areas. of the
extended area of the phosphor material excitable
at the shorter wavelength with a beam of radiant
energy to develop luminescence including a phos-
phorescent component, and means to scan ele-
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mental areas of the  other phosphor material -

opposite said first-mentioned elemental areas at
a time within the phosphorescent decay Period
following scanning of said first scanned material.

3. Apparatus for developing luminescence and
suppressing phosphorescence comprising a lumi-
nescent screen having oppositely disposed layers
of phosphors, one of said phosphors having a
luminescent excitation band of relatively high
frequency, the other phosphor having a band ex-
tending into the infra-red portion of the spec-
trum, and means to scan opposite elemental
areas of said phosphors during sequential periods
of time wtih luminescence exciting energy where-
by the phosphorescence of the high frequency
emitting phosphor is accelerated.

4, Apparatus for developing luminescence and
suppressing phosphorescence comprising a lumi-
nescent screen having oppositely disposed-layers
of phosphors, one of said phosphors having a
luminescent and phosphorescent. excitation band
of relatively high frequency, the other phosphor
having an excitation band extending -into the
infra-red portion of the spectrum, and means to
scan opposite elemental areas of said phosphors
with luminescence exciting energy during se-
quential periods of time, the scanning of the high
frequency phosphor preceding the seanning of
the said other phosphor whereby the phosphor-
escence of the high frequency emitting phosphor
is accelerated.

5. Apparatus as claimed in claim 4 wherein the
phosphor having a relatively high frequency ex-
citation band is of a material having a longer
phosphorescent decay time than that of the phos-
phor having a band extending into the infra-red
portion of the spectrum.

;6. Apparatus for developing luminescent light.
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-8
~.comprising an evacuated envelope, a pair of op-
. Ppositely .disposed: electron .sources. in said .enve-
-~ lope,.-a.:composite Iuminescent phosphor screen
- having - a . phosphorescent material excitable
under incident electrons in the visible portion of
the spectrum facing one of.said electron sources
_and a material excitable in the infra-red. portion
of the spectrum:facing the other of said.sources,
-means.to scan electrons over.elemental areas of
said first-mentioned material to excite visible
luminescence including a.phosphorescent. light
component-and.means:to.scan.electrons ‘fr,orri said
_second -source over.elemental: areas. of said. sec-~
ond-mentioned: material opposite said first-men-
tioned .areas within .a.time following said’ first-
mentioned scanning.less than the phosphorescent
decay period of said.first-mentioned material.
7..Apparatus for developing luminescent, light
and suppressing phosphorescent light comprising
an-evacuatedenvelope, a. pair. of oppositely dis-
posed electron sources .in. said.-envelope, a .com-
posite luminescent..phosphor . screen having a
layer of phosphorescent material excitable under
incident electrons.in the. visible.portion of. the
spectrum facing .one of said electron sources and
a layer of material excitable .in.the. infra-red
portion of the spectrum facing the other of said
sources, means to scan electrons over elemental
areas of said first-mentioned material layer to
excite visible luminescence including a phosphor-
escent light component, means to scan electrons
from said second source over elemental areas of
said second-mentioned material layer opposite
said first-mentioned areas within a time follow-
ing said first-mentioned. scanning less than the
phosphorescent decay period. of said first-men-
tioned material and means between said material
layers to prevent excitation of one material layer
by electrons incident upon the other material
layer.

8. Apparatus for developing luminescent. light
comprising a luminescent phosphor . layer of
material eéxcitable under incident energy in the
visible portion of the spectrum, a.second. layer
contiguous  with said first layer :excitable- and
emitting energy in the infra-red portion.of the
spectrum, dual means to-sequentially subject di-
rectly opposite elemental areas of said layers to
incident luminescence- exciting. energy the .time
‘period between excitation of opposite areas being
within the phosphorescent decay time of said
first-mentioned layer, and means to prevent un-
desirable excitation of both of said layers by one
of said dual means.

9. Apparatus for developing luminescent light
comprising a luminescent phosphor layer of ma-
terial excitable under incident energy in the visible
portion of the spectrum, a second layer contiguous
with said first layer excitable and emitting energy
in the infra-red portion of the spectrum, dual
means to sequentially subject directly opposite
elemental areas of said layers to incident lumi-
nescence exciting energy the time period between
excitation of opposite areas being within the
phosphorescent decay time of said first-men-
tioned layer, each cf said layers being of sufficient
thickness to absorb substantially all of the energy
incident on the respective layers whereby unde-
sirable excitation of both of said layers by each
of said dual means is prevented.

10. The method of developing and controlling
luminescent light comprising the steps of develop-
ing luminescent and phosphorescent light-over
displaced elemental areas in space in predeter-
mined.sequence .and developing: luminescence of
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longer wavelength than said developed light over
elemental areas adjacent with said first-men-
tioned areas at a finite time following the first
development of luminescence.

11i. The method of developing and controlling
the intensity of light comprising the steps of
developing light having a fluorescent and a phos-
phorescent component over displaced elemental
areas in space in predetermined sequence and
developing luminescence of longer wavelength
than the phosphorescent component of said devel-
oped light over elemental areas contiguous with
said first-mentioned areas at a finite time follow-
ing the first development of the fluorescent light
component.

12. The method of developing light of prede-
termined phosphorescent decay period including
the steps of developing phosphorescence over ele-
mental areas displaced one from the other in

coplanar relation, and developing light of longer
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wavelength than said phosphorescence over ele-
mental areas in coplanar relation and adjacent
said first-mentioned areas during the unobjec-
tionable decay period of said phosphoréscence
and at a Anite time following the initial develop- ’
ment of phosphorescence.

13. The method of developing: light of prede-
termined phosphorescent decay period including
the steps of simultaneously developing fluores-
cence and phosphorescence over elemental areas
displaced one from the other in coplanar relation,
and subsequently developing fluorescence .and
phosphorescence of longer wavelength than the
first developed phosphorescence over elemental
areas adjacent said first mentioned areas during
the decay period of said first developed phos-
phorescent light and at a finite time following the
development of said first mentioned fluorescence,

HUMBOLDT W. LEVERENZ.




