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1. 

This invention relates to a cathode ray tube, 
or Similar device, having an impressionable 
Screen which is capable of substantially perma 
nent alteration when impinged in selectable areas 
by an electron beam of predetermined intensity, 
but which is substantially unalterable by a beam 
of predetermined lower intensity; moreover, 
which lower intensity beam by tracing areas thus 
altered may produce detectable screen reactions 
which differ from those produced in tracing un 
altered areas. 
The invention relates, in one specific form, to 

a cathode ray tube, or its equivalent, the screen 
whereof is susceptible of substantially permanent 
alteration in its secondary emissive properties 
along a characteristic trace or path. When bom 
barded by an electron beam of selected (usually 
high) intensity-the trace configuration being 
characteristic of a particular signal impulse or 
input stimulus impressed upon the tube's deflect 
ing plates or coils, and of the frequency or simi 
lar identifying effect arbitrarily imparted to the 
beam, such as by its intensity modulation, which 
effect persists in the trace pattern associated with 
that Signal impulse-but which screen is sub 
stantially unalterable by a beam of different; 
(usually low) intensity. Hence, should a beam 
of low intensity retrace the path, by reason of 
Subsequently in pressing that particular signal 
impulse upon the tube's deflecting plates, the 
beam at low or normal intensity will produce 
Secondary enissions which differ in effect from 
those produced by traversing other (previously 
unaltered) portions of the screen. Thus, where 
Originally the high-intensity beam was intensity 
modulated, secondary emissions will now be pro 
duced which pulsate at a frequency correspond 
ing to the initial modulation of such high in 
tensity 2n. Generally, in one practical ap 
plication of such a tube, by collecting the re 
Sultant secondarily emitted electrons, and im 
pressing the resulting current or voltage on a de 
tecting circuit, a selected result may be produced 
which is identical with or related to the stimulus 
then causing the beam to regenerate a perma 
nent trace on the screen. Contrariwise, no beam 
of any intensity which does not retrace the path 
of the Original trace will produce the same result. 
Furthermore, several traces may be impressed 
permanently upon a single screen, whereby the 
beam, in regenerating at low intensity any one 
of these trace patterns, will produce a secondary 
emission result characteristic of that trace only, 
Whereupon detecting devices sensitive to and 
selective of the several possible secondary emis 
Sion resultS Will produce an end result which 
alone, of all the possible end results, corresponds 
to the input stimulus which originally produced 
that particular trace. My copending applica 
tion Serial No. 639,616, filed January 7, 1946, and 
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2 
entitled Translating device and method, from 
which this application is divided, discloses such 
a practical application of the tube. 
An object of the present invention is to provide 

an electronic tube, such as a cathode ray tube, 
having a screen comprising material capable of 
permanent alteration in its reacting properties 
by the effect of a high intensity beam initially 
impinging the screen in selected areas and there 
after of producing different detectable reactions 
to a lower intensity beam when it impinges such 
altered and unaltered areas. 
A more specific object of my invention is to 

provide a cathode ray tube having a screen, the 
secondary emission properties of which are per 
manently alterable in selected areas only by a 
relatively high intensity beam impinging such 
area.S. 

In achieving the objects of my invention I 
provide a cathode ray tube screen consisting of 
a plurality of layers, the outermost of which, 
away from the glass or other screen backing (ma 
terial, will serve effectively as a shield for, or 
barrier to secondary emissions from, an under 
lying layer when the Screen is impinged by a 
relatively low intensity electron beam, but which 
shield or barrier layer may be permanently de 
stroyed, or altered in its properties, in selected 
areas, by impingement in such areas of a rela 
tively high intensity beam, with the result that 
the reaction of the Screen to Subsequent impinge 
ment in Such areas of a lower intensity beam 
will differ from its reaction to impingement in 
unaltered areas of the Screen. In a preferred 
case, the shielding layer prevents or subdues 
secondary emissions from an underlying conduc 
tive layer by preventing it from reacting to a 
beam of normal or low intensity, but the shield 
ing effect may be destroyed by the point impact 
of an intense beam, whereafter secondary emis 
sions will be produced in relatively greater de 
gree when a normal beam strikes that point. 
Alternatively, the Overlying layer may not be 
dest:'Oyed strictly, but may be caused to merge or 
combine with the underlying layer when im 
pinged by an intense beam to the same end. 
Other objects of my invention are hereinafter 
set forth in greater detail by reference to the 
accompanying drawings. 

Figure is a side view in Section of a Cathode 
ray tube structure suitably adapted to the prac 
tice of my invention. 

Figure 2 is a greatly enlarged fragmentary Sec 
tional view of my novel cathode ray tube screen, 

35.5 Figure 3 is a front view of the screen of the 
cathode ray tube, showing arbitrary trace pat 
terns permanently impressed in the screen. 
The tube of Figure 1 includes a special metal 

lic coating upon the interior of the glass envelope, 
together with a very thin layer of material, 
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capable of permanent change under the influence 
of a beam of great intensity, overlying the metal 
lic coating, and consonant with the latter. By 
way of example a satisfactory coating consists 
of a thin film or undercoating of metallic pota S 
sium is on the interior of the glass , and over 
lying this metallic film a very thin layer or over 
coating of potassium hydroxide with adsorbed 
hydrogen, to comprise a sensitive composite 
coating. In Figures 1 and 2 the actual layers 
are greatly exaggerated as to thickness. The 
metallic potassium layer need only be thick 
enough to offer a continuous surface, and a Single 
moleculiar layer of potassium hydroxide with 
adsorbed hydrogen is sufficient. As one of many 
alternative forms, a metallic sodium film at 0 
is covered by a very thin film (ideally ap 
proaching molecular thickness) of paraffine, 
volatilizable by the intensified cathode ray. 
In all forms, dependence is placed on fact that 

when a cathode ray strikes a metallic surface, 
electrons are emitted therefrom, but an unim 
paired thin nonmetallic coating on such a me 
tallic Surface as O alters the freedom of elec 
tronic emissions. The coating ceases to be unim 
paired when broken by impact of an intensified 
cathode ray during the time a signal selected for 
future recognition is being impressed upon the 
screen. The overcoating if may be converted 
from potassium hydroxide to metallic potassiun, 
in the first instance above, merging with the po 
tassium of the undercoating 9; in the case of 
the paraffine overcoating, it may simply be voia 
tilized by the beam to leave exposed the metallic 
Sodium. In any case, the beam effects a perma 
nent change in the nature of the composite screen 
coating, whenever the bean's trace bombards the 
screen at high intensity, and that permanent 
change alters the capability of emission of elec 
trons from the changed portions of the Screen, 
when subsequently bombarded, at lesser intensity. 
Other metals may be used as the undercoating, 

Such as other alkali metals, or caesium, or Sele 
nium. The overcoating should be compatible 
with or consonant to the undercoating 0, in each 
C3Se. 
Where, in this specification, relative intensity 

of the electron beam is referred to, as "great' or 
“high' intensity, or “lesser' or lower' intensity, 
it is scarcely possible to define these terms in 
absolute quantitative units, for the reason that 
these value; will necessarily vary in accordance 
with the characteristics of the tube and the na 
ture of the screen coating employed. In general, 
"great' intensity refers to an intensity such that, 
under the conditions present, the beam produces 
an irreversible chemical or microphysical change 
in the screen, whereas a beam of "lesser' intensity 
is one which produces only a reversible or elec 
tronic reaction upon the screen, secondarily emit 
ting such electrons as bombard the screen, With 
out permanent change in the nature of the screen 
itself. If the screen is of metallic potassium 
coated with potassium hydroxide, the beam of 
great intensity produces a chemical change; if 
the Screen is of a metal coated. With paraffine, 
Such a bean produces a microphysical change. In 
either case, a beam of lesser intensity produces 
only an electronic effect, receiving and emitting 
electrons without change in the chemical or phys 
ical properties of the Screen itself. 
AS is Well known, the Cathode ray tube may 

have horizontal deflecting plates or coils 2, and 
vertical deflecting plates or coils f3 between which 
may be passed, generally axially of the tube, a 
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4. 
narrow beam of electrons directed against the 
screen which is disposed transversely of the beam 
at the enlarged end of the tube. For beam-form 
ing purposes the tube may incorporate a conven 
tional cathode-heater element 4, cathode 5, 
control grid 6, coacting to produce a stream of 
electrodes Which is accelerated and focused by 
anodes 7 and 8. 
The tube may also incorporate an electron col 

lector ring 9 located near the screen, which col 
lects electrons emitted by the screen when bom 
barded by the cathode ray or beam. For con 
venience, the several tube components have been 
shown connected to leads extending to a terminal 
Strip having terminals labeled A, B, C . . . G. 
Terminal F, connected to the anode 8, to the 
screen, and to one of each of the deflecting plates 
2, 3, may be grounded, and terminal E con 
Ilected to the anode T, at a potential below 
ground potential. Terminal D, connected to the 
cathode i5, may be placed at a still greater poten 
tial below ground, whereas terminal C, connected 
to the control grid, may be connected to a source 
of potential which is adjustable relative to the 
potential of the cathode, in order to vary or con 
trol the intensity of the beam in any selected 
manner. Terminals A and B, which are con 
nected respectively to the ungrounded vertical 
and horizontal deflecting plates, are free to be 
impressed with selected voltage stimuli to deflect 
the beam and produce corresponding traces on the 
screen in the customary manner. Secondarily 
emitted electrons drawn to the collector ring 9 
pass from the tube to terminal F from whence 
they may be impressed on a suitable receiving 
circuit. 

In the device of my Copending above-cited ap 
plication, referring to the use therein of a Cath 
ode ray tube of the type of present concern, the 
Sound of the human voice or other initial Stimulus 
may be detected electrically, separated into two 
component Signal Voltages, for instance, Voltages 
comprising high and low frequency harmonic 
components of the stimulus, and then separately 
applied to the horizontal and vertical plates of the 
cathode ray tube to trace on its screen a pattern 
uniquely related to the original sound or stimu 
lus. The present invention contemplates an elec 
tronic tube for recording a plurality of such 
stimuli permanently on the screen of the tube, 
in such a Way that repetition of the same signals 
applied to the tube's deflecting plates will create 
a detectable reaction, such as in terms of sec 
ondary electron emission, which may be identified 
with such signals. In a preferred manner of 
using the tube, as in my copending application, 
a trace pattern or record is created by a pulsating 
high-intensity electron beam bombarding the 
screen during the application to the tube's de 
flecting plate of the signal Voltages representing 
the stimulus to be recorded. The resulting reac 
tion of the screen to the intense bombardment at 
points of impact of the beam, comprises a per 
manent alteration in the secondary emission 
properties of the screen at such points, but not in 
others, with the result that the trace pattern will 
have been impressed upon the screen permanently 
in the form of a broken line of alternately altered 
and unaltered segments. Lowering the beam in 
tensity and retracing the same path results, 
therefore, in a Series of time-separated impulses 
of secondary emission electrons emanating from 
the screen and collected by the collector ring 9. 
By employing different beam-pulsation frequen 
cies for different Stimuli during their recording, 
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frequency sensitive apparatus responsive to the 
secondary emission impulses will thereby be en 
abled to distinguish or identify a recorded stimul 
lus when it is repeated to the apparatus, and to 
perform a selected related operation or Create a 
related effect. In Figure 3, two purely arbitrary 
trace patterns a and y are shown as they might be 
impressed on the Screen, representing different 
stimulus records, 
The tube and Screen structure which I have dis 

closed herein may be thought of as an electronic 
impressionable record Inedium on which may be 
impressed and preserved various information and 
data in the form of bean trace patterns. The 
purposes of forming records may vary. I have 
indicated the preferred purpose, but by so doing 
it is not intended that the present invention is to 
he limited accordingly. In the indicated use, the 
record is used as a means of identifying particular 
intelligence or stimuli as they are repeated to the 
incorporating apparatus, but I may in other cases 
prefer to use the record impressed on the Screen 
for direct reproduction purposes in the usual 
sense of the tern, that is for play-back or related 
purpOSes. 

Moreover, I have confined the foregoing de 
Scription to a cathode ray tube because such 
tubes are the most common of the beam tubes, 
but I conceive of other possible tubes one of 
which may, for example, use ion beams. Conse 
quently, the invention is considered to be of a 
Scope which does not confine itself in unnecessary 
particulars, such as the general structural details 
of the tube, but only as I have incorporated them 
into the following clains. 

I claim as my invention: 
1. A cathode ray tube having associated there 

With a screen structure of a nature susceptible of 
permanent alteration in its sensitivity to electron 
bombardment by initial bombardment. 

2. A cathode ray tube having associated there 
With a Screen structure of a nature Susceptible of 
permanent alteration by intense electron bom 
bardment, in its Sensitivity to react in electrically 
detectable manner to Subsequent bombardment 
at lower intensity. 

3. A cathode ray tube including a sensitive 
screen coating of an alkali metal, and an over 
coating of a compound of Such metal, having the 
property of being reduced to metallic form by 
initial bombardment by an electron beam of high 
intensity, but of being unaffected by such a beam 
of low intensity, said over coating being inter 
posed between the sensitive metallic coating and 
the electron Source. 

4. A cathode ray tube including a sensitive 
Screen coating of potassium, and an over coating 
of a compound of such metal, having the property 
of being reduced to metallic form by initial bom 
bardment by an electron beam of high intensity, 
but of being unaffected by such a beam of low 
intensity, Said over coating being interposed be 
tween the sensitive metallic coating and the elec 
tron Source. 

5. A cathode ray tube including a sensitive 
screen coating of potassium, and an over coating 
of potassium hydroxide, having the property of 
being reduced to metallic form by initial bom 
bardment by an electron beam of high intensity, 
but of being unaffected by such a beam of low 
intensity, said over coating being interposed be 
tween the sensitive metallic coating and the elec 
tron Source. 

6. A cathode ray tube including a sensitive 
screen coating of metallic sodium, and an over 
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6 
Coating of paraffine interposed between said sensi 
tive coating and the electron source. 

7. An electronic tube having a sensitive perma 
ent recording Screen comprising a metallic un 

dercoating of secondarily emissive material and 
a, nonmetallic overcoating of shielding material 
effective when unimpaired to shield said under 
coating for purposes of secondary emission, from 
a, beam of normal intensity, but capable of in 
pairnent by the point impact thereon of a beam 
of higher intensity to expose permanently said 
undercoating at the impact points, to the effect 
of a beam of normal intensity, thereby thereafter 
to produce greater secondary emission therefrom 
at such points upon inpingement of a normal 
intensity bean. 

8. An electronic tube having a sensitive per 
nanent recording screen comprising an under 
coating of Secondarily enissive material and an 
overcoating of shielding material effective when 
unimpaired to shield said undercoating for pur 
poses of secondary enission, from a bean of nor 
mal intensity, but capable of impairment by the 
point inpact thereon of a beam of higher inten 
sity to expose permanently said undercoating at 
the impact points, to the effect of a beam of nor 
mal intensity, thereby thereafter to produce 
greater secondary emission therefrom at such 
points upon inpingement of a normal-intensity 
bean. 

9. The electronic tube as defined in claim 8 
in which the nonmetallic overcoating comprises 
a, thin layer of paraffine, 

10. An electronic tube having a sensitive screen 
comprising a metallic undercoating and an over 
lying coating of the hydroxide of said metal with 
adsorbed hydrogen. 

1. The electronic tube of claim 10 in Which 
Said metal comprises any base metal, the hy 
droxide of which in the presence of hydrogen is 
capable of decomposition into the metallic base 
by electron bombardment. 

12. A cathode ray tube having associated there 
with a screen structure of a nature Susceptible of 
permanent alteration in its secondary emission 
properties by intense electron bombardment, in 
its Sensitivity to produce different amounts of 
secondary emission in areas initially bombarded 
than in other areas, when such areas are subse 
quently impinged by a beam of lower intensity. 

13. A cathode ray tube comprising beam-form 
ing means, beam-Scanning means, and a perma 
nent recording screen structure operatively dis 
posed for impingement by the scanning electron 
beam, said screen structure having the property 
of permanent alteration of its scanning response 
quality in areas affected by an electron beam of 
high intensity, rendering said screen structure re 
Sponsive differently in intensely bombarded areas 
than in areas unaffected by such high intensity 
beam, Said cathode ray tube and screen structure 
being adapted to retain such difference perma 
nently. 

THOMAS N. ROSS. 
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