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[57] ABSTRACT 

A direct viewing bistable storage tube employing post 
de?ection acceleration and method of operation is de 
scribed in which the storage target includes a contact 
ing collector mesh electrode and a target electrode pro 
vided on opposite sides of a phosphor storage dielec 
tric. A more positive voltage is applied to the target 
electrode than to the collector electrode during writ 
ing. The result is an increase of the maximum stored 
writing speed of four to ?ve times, apparently because 
the secondary electrons produced within the phosphor 
storage dielectric by the writing beam are attracted to 
ward the target electrode and away from the bom 
barded surface of such phosphor layer so that the initial 
voltage of the charge image is of a more positive poten 
tial. This causes the initial charge image to be above the 
?rst crossover voltage even at such faster writing 
speeds which enables such charge image to be stored 
bistably by the charging action of the low velocity ?ood 
electrons. An intermediate layer of light transparent 
insulating material may be provided between the target 
electrode and the phosphor layer to increase the break 
down voltage of the dielectric and thereby enable such 
target electrode to be maintained at a higher positive 
voltage with respect to the collector electrode. 

14 Claims, 3 Drawing Figures 
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FAST WRITING BISTABLE STORAGE TUBE AND 
METHOD OF OPERATION 

BACKGROUND OF THE INVENTION 

The subject matter of the present invention relates 
generally to charge image storage apparatus and, in 
particular, to direct viewing bistable storage tubes and 
method of operation. While such storage tubes have 
many other uses, they are frequently employed as dis 
play devices for cathode ray oscilloscopes and com 
puter terminals. 
The present invention is an improvement on the sim 

pli?ed type of storage tubes shown in US. Pat. Nos. 
3,214,631 and 3,293,473 of R. H. Anderson which em 
ploy storage targets including a storage dielectric in the 
form of a layer of phosphor material which also func 
tions as the viewing screen and is coated on the glass 
faceplate of the tube over a light transparent target 
electrode. Unlike these earlier tubes, the storage tube 
of the present invention employs an additional collec 
tor electrode mesh in contact with the opposite side of 
the phosphor storage dielectric layer from the target 
electrode, and also employs a post de?ection accelera 
tion electrode positioned between the de?ection plates 
and the ?ood gun cathodes. Other differences will be 
apparent from the following description of the present 
storage tube. . 

The storagetube of the present invention has several 
advantages over conventional direct viewing bistable 
storage tubes including a faster writing speed and a 
stored image display of high brightness. For example, 
writing speeds on the order of 125,000 centimeters per 
second and display brightness of 12 foot-lamberts have 
been achieved with bistable storage operation using a 
storage dielectric of P-l type phosphor particles with 
out any secondary emissive additive. This represents a 
gain in writing speed of about four to ?ve times that 
achieved by earlier storage tubes using a similar storage 
dielectric. In addition, conventional nonstored opera 
tion of thetube has been improved due, among other 
things, to the use of. post de?ection acceleration to pro 
vide a nonstored image display of 300 foot-lamberts 
brightness at a maximum writing speed of 500 centime 
ters per microsecond. An extremely rugged and inex 
pensive storage tube is provided since the collector 
electrode mesh is in the form of a conductive coating 
supported onthe phosphor layer, and is not in the form 
of a separate wire mesh, so that it does not have the 
image resolution and target size limitation problems as 
sociated with storage tubes having a transmission type 
storage target and separate phosphor viewing screen. 
While the exact nature of operation of the'storage 

tube of the present invention is not clearly understood, 
the following theory‘ of operation is believed to be cor 
rect and is offered for purposes of clarity, but the in 
vention should not be limited by such theory. As a re 
sult of the post de?ection acceleration through a high 
potential gradient electrical ?eld, on the order of 10 to 
20 kilovolts, the writing beam penetrates the storage 
surface of the phosphor layer storage dielectric and 
causes secondary electrons to be produced within such 
layer leaving a charge image of positive voltage on such 
surface. The low velocity ?ood electrons cause bistable 
storage of this charge image by producing secondary 
electron emission at the surface of the phosphor layer, 
such secondary electrons being emitted from the layer 
and collected by the collector electrode. A more effl 

2 
cient secondary emission bistable storage operation is 
achieved by applying a high positive voltage to the tar 
get electrode to enable the initial voltage of the charge 
image produced by the writing beam to be a more posi 
tive voltage. Thus, when the target electrode is pro 
vided with a more positive voltage than the collector 
electrode to produce a high positive potential gradient 
between the target electrode and the collector elec 
trode, the secondary electrons produced by the writing 
beam within the storage dielectric layer are attracted 
toward the target electrode and away from the storage 
surface so that such secondary electrons cannot reduce 

' the positive voltage of the initial charge image. At fast 
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writing speeds in previous storage tubes, the secondary 
electrons of the writing beam were allowed to reach the 
storage surface and caused the potential of the initial 
charge image to be reduced below the first crossover 
voltage so that bistable storage by the uniform bom 
bardment of the ?ood electrons is not possible. This 
problem was discovered and overcome by the present 
invention so that the storage tube of the present inven 
tion is capable of a faster maximum writing speed dur 
ing its storage operation. 

It is, therefore, one object of the present invention to 
provide an improved bistable storage apparatus and 
imethod of operation which is capable of a faster maxi 
mum writing speed when producing a stored charge im 
a e. 

gAnother object of the invention is to provide a direct 
viewing bistable storage tube in which post de?ection 
acceleration of the writing beam is employed along 
with a storage target having a light transparent target 
electrode and a collector mesh electrode positioned on 
opposite sides of a phosphor storage dielectric with the 
target electrode. 

Still another object of the invention is to provide such‘ 
a storage tube and method of operation in which a 
more positive voltage is applied to the target electrode 
than to the collector electrode to enable storage at a 
faster writing speed. 
A further object of the present invention is to provide 

such a storage tube in which the post de?ection accel 
eration electrode is positioned between the writing 
beam de?ection means and the ?ood gun cathode. 
An additional object of the present invention is to 

provide 'such a storage tube and method of operation 
in which the writing beam is caused to penetrate into 
the storage dielectric layer and produce secondary 
electrons within such layer which are attracted toward 
the target electrode away from the bombarded surface 
of the storage dielectric, at least until the low velocity 
?ood electrons cause bistable storage of the charge im 
age. 
A still further object of the present invention is to 

provide such a storage tube in which an intermediate 
layer of light transparent insulating material having a 
higher dielectric constant than the phosphor material 
is provided between the phosphor layer and the target 
electrode to provide a higher voltage breakdown 
strength for the dielectric between the target electrode 
and the collector electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present inven 
tion will be apparent from the following detailed de 
scription of a preferred embodiment thereof and from‘ 
the‘ attached'drawings of which: 
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FIG. 1 is a side elevation view of one embodiment of 
the storage tube of the present invention with parts bro 
ken away for clarity; 
FIG. 2 is an end elevation view taken along the line 

2-—2 of FIG. 1; and 
FIG. 3 is a vertical section view taken along the line 

3--3 of FIG. 2 shown on an enlarged scale. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in FIGS. 1 and 2, a direct viewing bistable 
storage tube in accordance with the present invention 
includes an evacuated envelope 10 containing an elec 
tron gun 12 having a cathode 14 connected to a source 
of negative D.C. voltage of about —3 kilovolts for pro 
ducing a writing beam 16 of high velocity electrons. 
The writing beam is deflected to form the charge image 
by any suitable deflection means, such as a pair of verti 
cal de?ection plates 18 and a pair of horizontal de?ec 
tion plates 20 mounted within the envelope 10, or by 
electromagnetic de?ection coils (not shown) posi 
tioned outside of the envelope. The writing beam 16 
forms a charge image on the surface of a storage target 
22 supported at the opposite end of the envelope from 
cathode 14 on a ?at glass faceplate 24 forming a por 
tion of the envelope. 
The storage target is shown in greater detail in FIG. 

3 and includes a target electrode 26 formed by a light 
transparent conductive film of tin oxide or the like 
coated on the inner surface of the glass faceplate 24. A 
storage dielectric layer 28 of phosphor material is pro 
vided on the faceplate over such target electrode. The 
storage dielectric 28 may contain any suitable phos 
phor material, such as manganese activated zinc ortho 
silicate, which is designated Zn2SiO4:MN and known as 
P-l phosphor. However, the storage dielectric may also 
contain a small percentage of secondary emissive mate~ 
rial, such as magnesium oxide, in the form of small par 
ticles bonded to the surface of the phosphor particles 
in order to further increase the writing speed of such 
storage dielectric with a slight reduction in display 
brightness. A collector mesh electrode 30 is provided 
in contact with the bombarded surface of the phosphor 
storage dielectric 28 and may be in the form of a coat 
ing of metal providing a mesh of 200 lines per inch hav 
ing a 75 percent electron transparency. 
The collector electrode 30 is electrically connected 

to the exterior of the envelope 10 through a lead por 
tion 32 of a layer of chrome plating or other suitable 
metal deposited on the surface of the glass faceplate 
and insulatingly spaced from the target electrode 26 by 
a gap 33. The glass faceplate 24 is sealed to a ceramic 
funnel portion 34 of the envelope 10 by means of a seal 
36 of fused glass frit which may be a devitri?ed glass 
that crystallizes during heating. Both the target elec 
trode layer 26 and the lead portion 32 of the collector 
electrode 30 extend through the seal between the face 
plate 32 and the sealing material 36 to the exterior of 
the envelope. Sources of D.C. supply voltages outside 
of the envelope are connected to the electrodes 26 and 
30 so that, at least during the formation of a charge 
image by the writing beam, a more positive voltage is 
applied to the target electrode than to the collector 
electrode to provide a positive potential difference of 
about +300 volts between these electrodes to increase 
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4 
the writing speed of the storage tube, as discussed else 
where herein. ' 

In some cases, it may be desirable to increase the 
breakdown voltage strength of the dielectric material 
provided between the collector electrode 30 and the 
target electrode 26 to enable the above-mentioned high 
potential difference between such electrodes. For this 
reason, an intermediate layer 42 of light transparent in 
sulating material, such as silicon dioxide or other fused 
glass material, having a higher dielectric constant than 
the phosphor material of the storage dielectric layer, is 
provided between the target electrode 26 and the phos 
phor layer 28. For example, an intermediate layer 42 
of silicon dioxide, having a thickness of about 0.7 mi 
crons, has been employed with a phosphor layer 28 of 
P-] phosphor, having a thickness of about 25 microns, 
to enable a potential, gradient of about +300 volts 
across such dielectric layers. 
After the writing beam 16 forms a charge image on 

the phosphor storage dielectric layer 28, such charge 
image is stored as a bistable charge image in a conven 
tional manner by the bombardment of such phosphor 
layer substantially uniformly with low velocity ?ood 
electrons emitted by a plurality of ?ood guns 44. Each 
of the ?ood guns includes a ?ood gun cathode 46 which 
may be connected to a D.C. potential of about +15 ki 
lovolts. During storage, the collector electrode 30 is 
connected to a positive D.C. potential of +l5,l75 volts 
or about +175 volts positive with respect to the ?ood 
gun cathode, while the target electrode 26 is connected 
to a positive D.C. potential of +l5,475 volts or about 
+475 volts positive with respect to the ?ood gun cath 
ode. 
A post de?ection acceleration electrode 48 is pro 

vided between the ?ood gun cathodes 46 and the out 
put ends of the horizontal de?ection plates 20, and 
such acceleration electrode is connected to a D.C. volt 
age of about +15 kilovolts. A mesh electrode 50 con 
nected to a D.C. voltage of about zero volts is posi 
tioned closely adjacent the output ends of the horizon 
tal de?ection plate and spaced from such acceleration 
electrode. The mesh electrode 50 is near the average 
voltage of the horizontal de?ection plates and func 
tions as an electrostatic shield which prevents the high 
voltage ?eld of the acceleration electrode 48 from pen 
etrating into the space between the horizontal de?ec 
tion plates 20 and distorting the horizontal de?ection 
field. 
Since the writing gun cathode 14 is connected to a 

negative D.C. voltage of —3 kilovolts, such beam is only 
accelerated through a potential gradient of about 3 ki 
lovolts before being de?ected by the vertical de?ection 
plates 18 and the horizontal de?ection plates 20. The 
de?ected beam is then accelerated through a high po 
tential gradient of about 15 kilovolts due to the ?eld 
provided between the mesh electrode 50 and the accel 
eration electrode 48 so that such beam strikes the stor 
age dielectric layer with a total energy of about 18 kilo 
volts. This post de?ection acceleration causes the writ 
ing beam to produce a light image of high brightness, 
up to 300 foot-lamberts, on the phosphor screen layer 
28 and a writing speed of about 500 centimeters per 
microsecond for conventional nonstorage operation of 
the tube. During nonstored operation of the tube, the 
?ood guns 44 may be cut off to prevent bistable stor 
age. The post de?ection acceleration of the writing 
beam also enables a faster writing speed during bistable 



. 3,742,286 
5 

storage operation of the tube when the target electrode 
26 is at a highly positive voltage with respect to the col 
lector electrode 30. As a result, the stored writing 
speed is increased four to ?ve times, for example from 
25,000 centimeters per second to about 125,000 centi 
meters per second for a storage dielectric layer consist 
ing entirely of P-l phosphor with no secondary emis 
sive additive. The light image display corresponding to 
the stored charge image has a brightness of about 12 
foot-lamberts. 
While the reason for the increased maximum stored 

writing speed is not clearly understood, it is believed 
that the post de?ection acceleration of vthe writing 
beam causes such writing beam to penetrate through 
the bombarded storage surface of the phosphor layer 
28 and to produce secondary electrons within the phos 
phor layer. These writing beam secondary electrons are 
attracted toward the target electrode 26 and away from 
such storage surface rather than toward the collector 
electrode 30 due to the more positive potential of such 
target electrode. This results in an initial charge image 
of more positive potential being produced on the bom 
barded surface of the phosphor layer so that even for 
faster writing speeds such charge image voltage is still 
above the first crossover voltage on the secondary elec 
tron emission curve of the storage dielectric so that the 
low velocity ?ood electrons can cause bistable storage 
of such charge image in a conventional manner. Thus, 
the low velocity ?ood electrons emitted by the flood 
gun cathode 46 bombard the surface of the phosphor 
layer 28 and cause secondary electrons to be emitted 
therefrom which are collected by the collector elec 
trode 30. This causes the potential of the charge image 
to be driven up to an upper stable voltage correspond 
ing to the collector electrode voltage, and causes the 
potential of the unwritten background target areas to 
be driven down to a lower stable voltage corresponding 
to the ?ood gun cathode voltage. 
The intermediate insulating layer 42 blocks any D.C. 

field and prevents the secondary electrons produced 
within the phosphor layer by the writing beam from ac 
tually reaching the target electrode, but this does not 
matter since bistable storage of the charge image is ac 
complished by the flood electron within about 1 micro 
second after writing. Thus, the AC. ?eld produced 
across the intermediate insulating layer 42 between the 
writing beam and the target electrode is enough to at 
tract secondary electrons of the writing beam away 
from the bombarded surface of the phosphor layer for 
a suf?cient time to enable bistable storage. 
The direct viewing bistable storage tube of the pres 

ent invention also includes collimating electrodes 52 
and 54 of conducting material coated on the inner sur~ 
face of the envelope funnel '34 and connected, respec 
tively, to positive D.C. voltages of 15,090 volts and 
15,080 volts. These collimating electrodes cause the 
?ood electrons to strike the phosphor storage dielectric 
substantially at right angles thereto and to uniformly 
distribute such ?ood electrons over the surface of such 
dielectric in a conventional manner. Also, the input sig 
nal applied to the vertical de?ection plates 18 is sup 
plied in a conventional manner through a vertical am 
plifier 56 having its input connected as the input termi 
nal 58 of the cathode ray oscilloscope. The input termi 
nal 58 may also be connected to a trigger generator cir 
cuit 60 which, upon receipt of a vertical input signal, 
generates a trigger pulse and applies such pulse to a 
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6 
sweep generator circuit 62 causing it to produce a ramp 
voltage sweep signal which is applied to the horizontal 
deflection plates 20. 

In addition, a conventional graticule scale 64 of inter 
secting lines of light re?ecting material may be pro 
vided on an exterior graticule plate 66 positioned over 
the exterior surface of the faceplate 24. Alternately, 
the graticule lines 64 may be provided on the inner sur 
face of the faceplate and illuminated by light transmit 
ted through the light transparent edge of such face 
plate. ‘ 

It will be obvious to those having ordinary skill in the 
art that many changes may be made in the above 
described preferred embodiment of the present inven 
tion without departing from the spirit of the invention. 
Therefore, the scope of the present invention should 
only be determined by the following claims. 

I claim: 
1. A bistable charge image storage tube apparatus of 

fast writing speed in which the improvement comprises: 
writing means for producing a writing beam of high 

velocity electrons and including de?ection means 
for de?ecting said beam to produce the charge im 
age; 

post de?ection acceleration means for accelerating 
the writing beam through a high electrical ?eld 
after said beam is de?ected; 

storage target means including a storage dielectric 
provided on a support member in position to be 
bombarded by said writing beam for producing a 
charge image on said storage dielectric by second 
ary electron emission, a target electrode provided 
on said support member beneath said storage di 
electric, and a secondary electron collector elec 
trode of mesh shape supported over the bom 
barded surface of the storage dielectric on the op 
posite side of said storage dielectric from the target 
electrode; 

holding means for bombarding the storage target 
with low velocity electrons to cause bistable stor 
age of said charge image by secondary electron 
emission; and 

voltage means for applying a voltage to the target 
electrode which is more positive than the voltage 
on the collector electrode to produce a positive po 
tential gradient across the storage dielectric at least 
during the formation of the stored charge image, 
said target and collector electrodes both being 
maintained at a more positive voltage than the 
cathode emitting the low velocity electrons of the 
holding means at least during storage. 

2. Storage tube apparatus in accordance with claim 
1 in which the collector electrode contacts the bom 
barded surface'of the storage dielectric. 

3. Storage tube apparatus in accordance with claim 
2 in‘which the storage dielectric is a layer of phosphor 
material and the support member is of light transparent 
insulating material, while the target electrode is of light 
transparent conductive material. 

4. Storage tube apparatus in accordance with claim 
3 in which the support member is a nonporous glass 
member. 

5. Storage tube apparatus in accordance with claim 
3 in which the storage target means includes an inter 
mediate layer of light transparent insulating material, 
having a higher dielectric constant than said phosphor 
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material, provided between the phosphor layer and the 
target electrode. 

6. Storage tube apparatus in accordance with claim 
5 in which the intermediate layer is of fused glass mate 
rial. 

7. Storage tube apparatus in accordance with claim 
2 in which the acceleration means includes an accelera 
tion electrode having at least a portion thereof posi 
tioned between the deflection means and the cathode 
emitting the low velocity electrons of the holding 
means. 

8. Storage tube apparatus in accordance with claim 
7 in which the acceleration electrode is provided on the 
inner surface of the envelope of said tube. 

9. Storage tube apparatus in accordance with claim 
8 in which the acceleration electrode is a ring shaped 
coating of conducting material. 

10. Storage tube apparatus in accordance with claim 
9 which also includes a mesh electrode between the ac 
celeration electrode and the output ends of the deflec 
tion plates providing said de?ection means. 

11. A method of operating a bistable charge image 
storage tube having a storage target including a storage 
dielectric supported over a target electrode and having 
a collector electrode positioned on the opposite side of 
the storage dielectric from the target electrode in 
which the improvement comprises: 
detecting a writing beam of high velocity electrons to 
form a charge image on the bombarded surface of 
the storage dielectric; 

accelerating the writing beam through a high electri 
cal field of several thousand volts after said de?ec 
tion and before said beam strikes the storage di 
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electric to cause said beam to penetrate into said 
surface of the storage dielectric and produce a plu 
rality of ?rst secondary electrons within said stor 
age dielectric; 

applying a more positive DC. voltage to said target 
electrode than to said collector electrode to attract 
said ?rst secondary electrons toward the target 
electrode and away from said surface of the storage 
dielectric to provide the charge image with a more 
positive potential; 

bombarding said surface of the storage dielectric sub 
stantially uniformly with low velocity electrons to 
cause other secondary electrons to be emitted by 
the storage dielectric to cause bistable storage of 
said charge image; and 

collecting said other secondary electrons with said 
collector electrode. 

12. A method of operation in accordance with claim 
11 in which the acceleration of the writing beam is 
done in an acceleration region free of the low velocity 
electrons. 

13. A method of operation in accordance with claim 
12 in which said acceleration region is positioned be 
tween the source of said low velocity electrons and the 
deflection region of the writing beam. 

14. A method of operation in accordance with claim 
11 in which the collector electrode contacts the bom 
barded surface of the storage dielectric and the attrac 
tion of the ?rst secondary electrons away from such 
surface is accomplished by applying a more positive 
voltage to the target electrode than to the collector 
electrode. 

* * * * * 


