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[57] ABSTRACT 
A bistable storage tube having a direct viewing storage 
target is described in which the storage dielectric is a 
layer of phosphor particles each coated with smaller 
particles of secondary electron emissive material 
which are bonded thereto. The particles of secondary 
emissive material are only provided on the surface of 
the phosphor particles and are distributed substan 
tially uniformly throughout the dielectric layer. The 
storage dielectric is made by coating the phosphor 
particles with a secondary emissive forming substance, 
and heating to produce the secondary emissive parti 
cles and to simultaneously bond them to the phosphor 
particles. 

12 Claims, 5 Drawing Figures 
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BISTABLE STORAGE TUBE HAVING STORAGE 
DIELECTRIC OF PHOSPI-IORPARTICLES 
COATED WITH SECONDARY EMISSIVE 

MATERIAL 

CROSS REFERENCE TO RELATED APPLICATION 

The present application is a streamlined continuation 
of US. Pat. application, Ser. No. 618,129, ?led Feb. 
23, 1967, now abandoned. 

BACKGROUND OF INVENTION 

The present invention relates generally to charge 
image storage tubes having a direct viewing storage tar 
get including a storage dielectric layer of phosphor ma 
terial capable of bistable storage of a charge image and 
which emits a light image corresponding to such charge 
image, and in particular to an improved storage dielec 
tric of phosphor particles coated with smaller particles 
of high secondary electron emissive material bonded 
only to the surface of such phosphor particles and dis 
tributed uniformly throughout such layer and to a 
method of manufacture of such storage dielectric. A 
small amount of secondary emissive material is em 
ployed efficiently to increase the writing speed and use 
ful lifetime of the storage dielectric without greatly de 
creasing the brightness of the light image emitted by 
the phosphor. In one embodiment using 3.5 percent of 
magnesium oxide secondary emissive material with 
96.5 per-cent of manganese activated zinc orthosilicate 
phosphor material, a writing speed of 400,000 centime 
ters per second and a light image brightness of 3.5 foot 
lamberts was obtained. The method of manufacture of 
the improved storage dielectric includes coating the 
phosphor particles with a secondary emissive forming 
substance, and then heating the coated phosphor parti 
cles to produce the secondary emissive material and to 
simultaneously bond such secondary emissive material 
to the phosphor particles. 
The improved storage dielectric of the present inven 

tion is especially useful in direct viewing bistable stor 
age tubes which are employed in storage type cathode 
ray Oscilloscopes, but may also be used in radar, and 
sonar apparatus as well as in other display devices such 
as those employed as part of data transmission systems. 
Previous bistable storage tubes employing phosphor 
storage dielectrics have had a slow “writing speed” 
which is the maximum velocity of de?ection of a writ 
ing- beam which will still produce a stored charge im 
age, due to the relatively low secondary electron emis 
sion of the phosphor material. In order to increase this 
writing speed it has previously been proposed to add 
higher secondary emissive material, such as magnesium 
oxide, to the phosphor storage dielectric by loosely 
mixing the particles of magnesium oxide with particles 
of phosphor material. While this does increase writing 
speed, unfortunately it also has the disadvantage of 
greatly reducing the brightness of the light image emit 
ted by. the phosphor material due to the large amount 
of magnesium oxide required. As a result previous bis 
table storage tubes employing phosphor storage dielec 
trics eitherv have a high brightness of about 6 foot 
lamberts but relatively slow writing speed of approxi 
mately 25,000 centimeters per second obtained by 
omitting any secondary emissive additive, or have a rel 
atively low brightness of about 2 foot-lamberts and a 
high writing speed of 100,000 centimeters per second 
by using such secondary emissive additive. Thus previ 
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2 
ously it was thought that both high brightness and fast 
writing speed were not possible when using a storage 
dielectric of phosphor material. 
While the so-called transmission type or grid control 

storage tubes having a mesh storage target with a non 
phosphor storage dielectric and a separate phosphor 
viewing screen are capable of fast writing rate and high 
brightness, these are much more complicated, expen 
sive and delicate tube structures than the simplified 
storage tube of the present invention in which the stor 
age dielectric is itself the phosphor material which 
emits a light image, so that such phosphor storage di 
electric may be provided as a layer on the glass face 
plate of the tube envelope. 
The improved storage dielectric of the present inven 

tion solves the above-mentioned problem by providing 
the high secondary emissive material as a coating of 
smaller particles on the surface of the phosphor parti 
cles so that such secondary emissive material is used 
most efficiently thereby greatly reducing the amount of 
secondary emissive additive needed to increase the 
writing speed to the desired speed. By using a lesser 
amount of high secondary emissive material, the stor 
age dielectric of the present invention produces a light 
image of higher brightness due in part to the greater 
percentage of phosphor material, and in part to less at 
tenuation of such light image by the secondary emissive 
material. In addition, by positioning the secondary 
emissive material only over a portion of the surface of 
each phosphor particle it enables the low velocity flood 
electrons to strike both the phosphor particle and its 
secondary emissive coating simultaneously which 
makes more efficient use of the phosphor material 
since the secondary emissive material does not prevent 
the electrons from striking the phosphor. It should be 
noted that the low velocity flood electrons are only ac 
celerated through a potential difference of approxi 
mately 200 to 500 volts, so that they will not penetrate 
through a layer of secondary emissive material to the 
phosphor particle in the event that such phosphor par 
ticle is completely masked from the electrons by the 
high secondary emissive material which occurs in the 
prior storage dielectric employing a mixture of phos 
phor material and secondary emissive material. 
The method of manufacture of the storage dielectric 

of the present invention forms the high secondary emis 
sive material from a substance coated on the phosphor 
particles, so that the secondary emissive is intimately 
bonded to the phosphor particles as it is formed. How 
ever, in the previous storage dielectrics the secondary 
emissive material is formed separately before it is 
mixed with the phosphor particles, and such secondary 
emissive material is not bonded to the phosphor parti~ 
cles. 
The phosphor storage dielectric of the present inven 

tion can be made porous to enable the collection of 
secondary electrons through such storage dielectric 
and the addition of secondary emissive material does 
not interefere with such collection because it is bonded 
to the phosphor particles and does not fill the pores be 
tween adjacent phosphor ‘particles, unlike previous 
storage dielectrics in which it is merely mixed with such 
phosphor. In addition, it has been found that the stor 
age dielectric of the present invention has a longer use 
ful lifetime than previous phosphor storage dielectrics. 

It is therefore one object of the present invention to 
provide an improved bistable storage apparatus which 
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is capable of fast writing speed in producing the stored 
charge image and emits a light image of high brightness 
corresponding to the stored charge image. 
Another object of the present invention is to provide 

an improved storage tube of simple and economical 
construction in which a storage dielectric of phosphor 
particles and high secondary emissive material coated 
on such phosphor particles is employed. 

Still another object of the present invention is to pro 
vide an improved storage dielectric of long, useful life 
time which is capable of bistable storage of a charge 
image produced thereon at a fast writing speed and 
which emits a light image of high brightness corre 
sponding to the stored charge image by employing 
phosphor particles coated with high secondary emissive 
material bonded to such phosphor particles. 
A further object of the present invention is to provide 

an improved method of manufacture of a phosphor 
storage dielectric capable of bistable charge image 
storage which is simple and reliable, in which a high 
secondary emissive material is formed from a substance 
previously coated on the phosphor particles so that the 
secondary emissive material formed is simultaneously 
bonded to the phosphor particles. 
An additional object of the present invention is to 

provide an improved storage dielectric of phosphor 
particles coated by smaller particles of high secondary 
emissive material bonded to the phosphor particles to 
enable a small amount of secondary emissive material 
to be used efficiently to increase the writing speed of 
the storage dielectric without greatly decreasing the 
brightness of the light image emitted by the phosphor 
particles and, at the same time, providing a longer use 
ful lifetime for the storage dielectric. 

BRIEF DESCRIPTION OF DRAWINGS 

Additional objects and advantages of the present in 
vention will be apparent from the following detailed de 
scription of certain preferred embodiments thereof and 
from the attached drawings of which: 
FIG. 1 is a schematic diagram of a charge image stor 

age apparatus including a simpli?ed storage tube em 
ploying the storage dielectric of the present invention; 
FIG. 2 is an enlarged horizontal section view taken 

along the line 2-2 of FIG. 1 showing a portion of one 
embodiment of a storage target employing the storage 
dielectric of the present invention; 
FIG. 3 is an enlarged section view of a portion of an 

other embodiment of a storage target employing the 
storage dielectric of the present invention; 
FIG. 4 is an enlarged section view of a portion of a 

third embodiment of a storage target employing the 
storage dielectric of the present invention; and 
FIG. 5 is a greatly enlarged section view of a portion 

of the storage dielectric of the present invention which 
may be employed in either of the storage targets of 
FIGS. 2, 3 or 4. 

DESCRIPTION OF PREFERRED EMBODIMENT 

As shown in FIG. I, a charge image storage apparatus 
in accordance with the present invention includes a 
simpli?ed direct viewing bistable storage tube 10 of the 
type shown in US. Pat. No. 3,293,473 of R. H. Ander 
son, issued Dec. 20, 1966. A phosphor storage target 
12 is mounted within the evacuated envelope of the 
storage tube and positioned so as to be bombarded by 
high velocity writing electrons emitted from a writing 
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4 
gun cathode 14, which may be connected to a DC. po 
tential of —-3,000 volts. The writing gun also includes a 
control grid 16 as well as accelerating and focusing an 
odes 18 to form a narrow beam of high velocity writing 
electrons. The beam of writing electrons is transmitted 
through horizontal de?ection plates 20 and vertical de 
?ection plates 22 which de?ect the electron beam in a 
conventional manner to cause such beam to produce a 
charge image on the phosphor storage dielectric of 
storage target 12. 
The writing gun may also be employed as the reading 

gun to scan the storage dielectric to produce an electri 
cal readout signal on the target electrode of the storage 
target 12 corresponding to the storage charge image in 
a manner hereafter described, by moving the switches 
24, 26 and 28 from the “write" position shown to the 
“read” position. In the write position switch 24 con 
nects control grid 16 to a DC. supply voltage of —3,025 
volts and in the read position of such switch to a supply 
voltage of —~3,05O volts to slightly reduce the current 
density of the reading beam, which prevents erasure of 
the stored charge image during readout. In the write 
position of switch 26 the horizontal de?ection plates 20 
are connected to a horizontal sweep generator 30 
which applies a sawtooth or ramp voltage thereto. 
while in the write position of switch 28 the vertical de 
?ection plates 22 are connected to the output of a ver 
tical ampli?er 32 whose input terminal 34 is connected 
to the source of the input signal whose waveform is 
sought to be stored on the storage target 12. The verti 
cal ampli?er 32 and the horizontal sweep generator 30, 
as well as the storage tube 10 all form parts of a cath 
ode ray oscilloscope which operates in a conventional 
manner and will not be described further. 
Once a charge image is written on the storage target 

12 by the high velocity writing electrons. it can be 
stored as a bistable charge image in a conventional 
manner by bombarding the storage dielectric uniformly 
with low velocity flood electrons emitted from the two 
?ood guns 36. During storage the voltage applied to the 
backing plate or target electrode of the storage target 
12 by a voltage divider including a ?xed resistor 37 
connected in series with a variable resistor 38 by a 
switch 40, is approximately +200 volts with respect to 
the flood gun cathode voltage, such target voltage 
being within the “stable range" of voltages over which 
the storage dielectric is capable of bistable storage of 
a charge image formed thereon. 

In order to erase the charge image the switch 40 is 
moved from the “store” position to the “erase" posi 
tion to connect a variable resistor 42 in series with re 
sistor 37 so that a higher voltage above the “fade posi 
tive” voltage is applied to the target electrode to cause 
the potential of the storage dielectric to increase until 
it is substantially uniform all over such storage dielec 
tric and equals the potential of the target electrode. 
Then the target voltage is decreased below the “reten 
tion threshhold” voltage and subsequently raised 
slowly above the retention threshhold voltage into the 
stable range to enable bistable storage of another 
charge image. While this invention in target voltage for 
erasure may be done manually by variable resistor 42, 
in actual practice it is done by pulsing the target elec 
trode. In order to assure uniform bombardment of the 
storage dielectric of the storage target 12 by the low ve 
locity ?ood electrons, a plurality of collimating elec 
trodes may be provided as coatings on the inner wall of 
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the storage tube envelope, one of such collimating elec 
trodes 44 being shown in FIG. 1 as connected to a DC. 
supply voltage of +50 volts between the voltages of the 
flood gun cathode and the target electrode. 

In order to provide an electrical readout signal a ras 
t'er signal generator 46 is connected to the horizontal 
de?ection plates 20 and to the vertical de?ection plates 
22 of the storage tube through switches 26 and 28, re 
spectively, in their read position. These raster signals 
may be sawtooth voltages similar to those employed in 
a conventional television receiver so that the vertical 
signal has a frequency of 60 cycles a second and the 
horizontal signal has a frequency of about 15,000 cy 
cles per second. This causes the electron beam emitted 
by the cathode 14 to be uniformly scanned in a rectan 
gular raster pattern across the surface of the storage 
target to produce an electrical readout signal on the 
target electrode which is transmitted through an AC. 
coupling capacitor 48, a preampli?er 50 and a power 
ampli?er 52 to the Z-axis or brightness modulation 
input of a television monitor tube 54. The horizontal 
and vertical de?ection plates of the television monitor 
tube 54 may be driven by the raster signal generator 46 
at the same frequency or related frequency to that of 
the corresponding raster signals supplied to the storage 

20 

25 

tube, in order to cause a reproduction of the storage _ 
charge image to be produced on the television monitor 
tube due to the brightness modulation of the electron 
beam in such monitor tube by the electrical readout 
signal of the storage tube. 
As shown in FIG. 2, one embodiment of the storage 

tube of the present invention includes a storage target 
12 having a storage dielectric 55 of phosphor material 
and high secondary emissive material applied as an in 
tegral or undivided layer of particles over a thin, light 
transparent conductive ?lm 56 of tin oxide forming the 
target electrode of the storage target, which is coated 
on the inner surface of a glass face plate 57 forming 
part of the envelope of the storage tube. The target 
electrode film 56 extends through a seal provided be 
tween the face plate 57 and a funnel portion 58 of the 
storage tube envelope in order to enable electrical con 
nection to such target electrode from an external volt 
age source. When the funnel portion 58 of the envelope 
is made of ceramic material it is sealed to the glass face 
plate 57 by a'fused glass frit 60, which apparently pene 
trates through the thin, conductive ?lm 56. While it is 
not essential, graticule lines 62 in the form of scribed 
notches or fused glass frit deposits, may be provided on 
the inner surface of the glass face plate beneath the 
conductive ?lm 56, such graticule lines being illumi 
nated by edge lighting the face plate 57 with light bulbs 
(not shown) outside the envelope. 
The storage dielectric layer 55 is suf?ciently thin and 

porous to enable secondary electrons emitted from the 
surface of the layer bombarded by the writing beam 
and the ?ood electrons, to be transmitted through such 
dielectric layer by way of the pores between adjacent 
phosphor particles, and collected by the target elec 
trode 56. The operation of this storage target is de 
scribed in greater detail with respect to a similar stor 
age target shown in US. Pat. No. 3,293,473 mentioned 
previously. However, the storage dielectric employed 
in the storage target 12, a portion of which is shown in 
FIG. 5, differs from that of the above-mentioned patent 
in that phosphor particles 64 are coated on at least a 
portion of their outer surface with smaller particles 66 
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6 
of high secondary electron emissive material which are 
bonded to such phosphor particles and substantially 
uniformly distributed throughout the storage dielectric 
layer. While different storage phosphors and secondary 
emissive materials may be employed in the preferred 
embodiment of the present invention P-l phosphor, 
which is zinc orthosilicate with a manganese activator 
and has a chemical designation of Zn2SiO4:Mn, has 
been used for the phosphor particles 64 and magne 
sium oxide (MgO) used for the secondary emissive par 
ticles 66. While the exact nature of the bond between 
the secondary emissive particles 66 and the phosphor 
particles 64 is not clearly understood, it is possible that 
the magnesium of the secondary emissive reacts with 
the oxygen of the P-l phosphor to produce a chemical 
bond. However it is also possible that the secondary 
emissive particles are surface bonded to the phosphor 
particles by sintering or other non-chemical bonding. 
In any event it is clear that the secondary emissive par 
ticles 66 are tightly bonded in intimate contact with the 
phosphor particles 64 and are only present as a coating 
on the outer surface of the phosphor particles, as op 
posed to being loosely mixed with such phosphor parti 
cles in the manner of prior phosphor storage dielec 
trics. As a result fewer secondary emissive particles 66 
are used in the present storage dielectric but produce 
an even faster writing rate without greatly decreasing 
the brightness of the light image emitted by the phos 
phor particles due to the fact that there is a greater per 
centage of phosphor and such secondary emissive par 
ticles do not- prevent the flood electrons from striking 
such phosphor particles. In addition, since the particles 
of secondary emissive material are bonded to the phos 
phor particles they do not pack in the pores or spaces 
between adjacent phosphor particles, which tends to 
interfere with ef?cient collection of secondary elec 
trons through the storage dielectric by the target elec 
trode 56, as is thought to be the case of'the earlier stor 
age dielectrics. _ 

The storage dielectric shown in FIG. 5 can be em 
ployed in other storage target structures, including the 
two additional embodiments shown in FIGS. 3 and 4. 
The storage target 12' of FIG. 3 is similar to that of 
FIG. 2 except that a storage dielectric layer 68 of much 
greater thickness is possible by providing a plurality of 
spaced apertures or holes 70 through such storage di 
electric to enable secondary electrons to be collected 
by the target electrode 56 through such holes. Thus, 
while the integral storage dielectric layer 55 of FIG. 2 
must be sufficiently thin to enable the pores between 
the phosphor particles to transmit the secondary elec 
trons through such layer, this is not necessary with the 
target of FIG. 3 because arti?cial holes 70 have been 
provided. Holes 70 provide substantially straight pas 
sageways through the storage dielectric 68 so that even 
though such storage dielectric is of too great a thick 
ness to enable secondary electrons to be transmitted 
through the pores between adjacent phosphor parti 
cles, such secondary electrons can be collected by tar 
get electrode 56 through holes 70. As in the case of 
FIG. 2, the storage dielectric 68 of the target 12' of 
FIG. 3 is in the form of phosphor particles coated with 

‘particles of secondary emissive material bonded 

65 thereto, as shown in FIG. 5. 
FIG. 4 shows a third embodiment of the storage tar 

get 12'I which is similarto that of FIG. 2 except that 
the storage dielectric is divided into a plurality of sepa 
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rate spaced portions or dots 72 and the target electrode 
?lm 56 is provided with a plurality of apertures spaced 
uniformly over the surface of the storage target with 
the storage dielectric dots 72 positioned within such 
apertures in contact with the glass face plate 57. The 
storage dielectric dots 72, however, are made of the 
same storage dielectric of phosphor particles 64 coated 
by smaller particles 66 of secondary emissive material, 
in the manner shown in FIG. 5. A storage tube employ 
ing this type of dot pattern storage dielectric is de 
scribed in U.S. Pat. No. 3,293,474 of C. B. Gibson, is 
sued Dec. 20, 1966. 

In addition to P-l phosphor, the phosphor particles 
64 of the storage dielectric of the present invention can 
be made of other storage phosphors including P-3 
phosphor which is zinc beryllium silicate with a manga 
nese activator designated as ZnBeSiO4:Mn, P-5 phos 
phor which is calcium tungstate with a tungstate activa 
tor designated as CaWO.,:W. Also such storage phos 
phor may be P-3 phosphor which is magnesium silicate 
with a manganese activator, P-l6 which is calcium 
magnesium silicate with an activator of cesium and lith 
ium, P—25 phosphor which is calcium silicate with a 
manganese activator, and P-27 phosphor which is zinc 
phosphate with a manganese activator. 
Furthermore, secondary electron emissive materials 

other than magnesium oxide may be employed, such as 
aluminum oxide (A1203) or beryllium oxide (BeO) or 
combinations of these secondary emissives. Of course 
the secondary emissive materials must have a higher 
secondary electron emission efficiency than the phos 
phor with which it is employed. Also it should be noted 
that both the phosphor and secondary emissive must be 
of high resistivity or a good insulator in order to enable 
bistable storage. 
When a storage target made in accordance with FIG. 

2 was provided with a storage dielectric including P-l 
phosphor particles coated with a magnesium oxide sec 
ondary emissive of 3.5 percent, a writing speed of ap 
proximately 400,000 centimeters per second was ob 
tained with a ?ood gun current of 60 microamperes, 
and the light image produced had a brightness of ap 
proximately 3.5 foot-lamberts. 
The storage dielectric of FIG. 5 may be made by a 

method of manufacture which includes the steps of 
coating phosphor particles with a secondary emissive 
forming substance and heating the coated phosphor 
particles to form the secondary emissive material and 
simultaneously bond such secondary emissive material 
to the surface of the phosphor particles. In one specific 
example 96.5 grams of P-l phosphor is added to a solu 
tion formed by 18.6 grams of magnesium acetate desig 
nated as M g(C2I-l3O2)¢.4I-I,O dissolved in 400 milliliters 
of distilled water, to form a slurry. The phosphor slurry 
is then heated to remove all of the water and stirred to 
prevent the phosphor particles from precipitating out 
of the slurry, so that a dry particulate material is ob 
tained which includes particles of P-l phosphor mate 
rial coated by magnesium acetate. This coated particu 
late material is then ?red at a temperature of 700° cen 
tigrade in air for about 1 hour to cause to form small 
particles 66 of magnesium oxide secondary emissive 
material and to simultaneously bond such secondary 
emissive material to the surface of the P-l phosphor 
particles 64. This provides a storage dielectric in which 
substantially all of the secondary emissive material is 
bonded to the phosphor particles and is distributed sub 
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8 
stantially uniformly over the surface of such phosphor 
particles as shown in FIG. 5. The resulting storage di 
electric has a chemical composition of 96.5 percent 
P-l phosphor and 3.5 per cent magnesium oxide. The 
above method can also be carried out with any suitable 
magnesium salt which is soluble in water such as mag 
nesium nitrate designated as Mg(NO3)2, in place of the 
magnesium acetate. 

It should be noted that an “active" magnesium oxide 
having a high secondary emission efficiency is appar 
ently formed only at temperatures below 900° centi 
grade. However, higher temperatures may be employed 
with the other secondary emissive materials. In this re 
gard, when aluminum oxide is employed as the secon 
dary emissive, aluminum acetate designated as Al(C2. 
H3093, or a water soluble aluminum salt such as alumi 
num nitrate designated as Al(NO;,)3.9H2O, may be em 
ployed as the material coated on the phosphor particles 
to form the secondary emissive material. Similarly, 
when beryllium oxide is the secondary emissive mate 
rial to be formed, a water soluble beryllium salt such as 
beryllium carbonate designated as (BeO)5.CO2.5H2O 
may be employed. 
After the storage dielectric of phosphor particles 

coated with secondary emissive material is formed, it 
may be applied to the face plate of the storage tube in 
any conventional manner such as by water settling, 
spraying, photographic masking in the case of FIG. 4, 
or by employing a decalcomania of a temporary binder 
of plastic or other organic material mixed with the stor 
age dielectric. The decal is formed as a thin, self 
supporting sheet of substantially uniform thickness and 
such organic binder material is removed during the 
heating and outgassing process of the evacuation step 
in the manufacture of the storage tube. 
Another method of forming the phosphor storage di 

electric of the present invention which is similar to that 
described above involves forming a slurry of P-l phos 
phor and magnesium nitrate dissolved in water in ac 
cordance with the previously described method. To this 
slurry is added ammonium carbonate designated as 
(NI-I4)2CO3, in sufficient amount to cause magnesium 
carbonate (MgCO3) to precipitate onto the surface of 
the P-—l phosphor particles. The solution is then filtered 
to remove the coated phosphor particles which are 
dried to remove any water to provide a particulate ma 
terial of P-l phosphor particles coated with magnesium 
carbonate. The coated phosphor particles are then 
?red in air at 700° centigrade for 1 hour to cause the 
formation of magnesium oxide and to bond such mag 
nesium oxide to the surface of the P—l phosphor parti 
cles. Alternatively ammonium hydroxide (NH4OI-I) can 
be substituted for the ammonium carbonate in the 
above method so that magnesium hydroxide or 
Mg(OH)2, precipitates onto the phosphor particles and 
forms the secondary emissive coating, of MgO. 
The methods of manufacture of the present invention 

insure a uniform concentration of the secondary emis 
sive material throughout the storage dielectric and are 
capable of reproducing storage dielectrics of similar 
writing rate and brightness characteristics on the face 
plate of the storage tubes. As a result of this reliable re 
production the percentage of tubes manufactured 
which meet the performance characteristic speci?ca 
tions greatly increases, and there are fewer defective 
storage tubes which must be discarded. 
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It will be obvious to those having ordinary skill in the 
art that many changes may be made in the above 
described preferred embodiments of the present inven 
tion. For example, other types of storage targets inistor 
age tubes may be made which employ the storage di 
electric of the present invention in different target 
structures. Also it is possible that the coating of secon 
dary emissive forming material may be formed on the 
phosphor particles by vapor deposition rather than by 
liquid evaporation. Therefore the scope of the present 
invention should only be determined by ‘the following 
claims. ‘ 

I claim: 
1. Charge image storage tube apparatus including: a 

storage target having a storage dielectric layer provided 
on a support member and capable of bistable storage 
of a charge image formed on said storage dielectric, 
means for forming a charge image on said storage di 
electric, and ?ood gun means for bombarding the stor 
age dielectric substantially uniformly with low velocity 
electrons to cause bistable storage of said charge image 
by secondary electron emission therefrom, 

said storage dielectric layer being composed of a plu 
rality of particles of phosphor material which are at 
least partially coated with secondary electron emis 
sive material having a higher secondary electron 
emission efficiency than said phosphor material so 
that the secondary emissive material is only on the 
outer surface of the phosphor particles, the coating 
of secondary emissive material on the phosphor 
particles being permeable to said low velocity elec 
trons, and substantially all of said secondary emis 
sive material in said layer being bonded to the 
phosphor particles and substantially uniformly dis 
tributed throughout said layer to increase the writ 
ing speed of the storage target without greatly de 
creasing the brightness of the light image emitted 
by the phosphor material corresponding to the 
stored charge image. ' 

2. A storage apparatus in accordance with claim 1 in 
which the secondary emissive material is bonded to the 
phosphor particles by bonds of the type produced by 
formation of said secondary emissive material from an 
other substance coated on the phosphor particles. 

3. A storage apparatus in accordance with claim 1 in 
which the phosphor material includes manganese acti 
vated zinc orthosilicate and the secondary emissive ma 
terial includes magnesium oxide. 

4. Charge image storage tube apparatus including: 
a storage target having a storage dielectric layer pro 
vided on a support member and capable of bistable 
storage of a charge image formed on said storage 
dielectric layer, means for forming a charge image 
on said storage dielectric layer, and means for 
bombarding the storage dielectric with low velocity 
electrons to cause bistable storage of said charge 
image by seondary electron emission therefrom; 

said storage dielectric layer being composed of a plu 
rality of particles of phosphor material which are at 
least partially coated with smaller particles of sec~ 
ondary electron emissive material having a higher 
secondary electron emission efficiency than said 
phosphor material so that the secondary emissive 
material is only on the outer surface of the phos 
phor particles; 

said secondary emissive material being substantially 
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uniformly distributed over the outer surfaces of 
said phosphor particles as a coating which is per 
meable to said low velocity electrons; and 

substantially all of said secondary emissive material 
being bonded to the phosphor particles with bonds 
of the type produced by the formation of the secon 
dary emissive material from another substance 
coated on said phosphor particles to increase the 
writing speed of the storage target without greatly 
decreasing the brightness of the light image emitted 
by the phosphor material corresponding to the 
stored charge image. 

5. A storage apparatus in accordance with claim 4 in 
which the storage target includes a target electrode on 
which the storage dielectric is provided, and said stor 
age target is mounted within a cathode ray storage tube 
of the direct viewing bistable type. 

6. A storage apparatus in accordance with claim 5 in 
which the target electrode is a thin, light transparent 
conductive ?lm coated on a support plate of light trans 
parent insulative material. _ 

7. A storage apparatus in accordance with claim 6 in 
which the storage dielectric is an integral layer coated 
on the target electrode, said layer being sufficiently 
thin and porous to enable secondary electrons emitted 
from the bombarded side of the storage dielectric layer 
to be transmitted through said layer by way of the pores 
between adjacent phosphor particles and collected by 
said target electrode. 

8. A storage apparatus in accordance with claim 6 in 
which the storage dielectric is a perforated layer coated 
on the target electrode, said layer being provided with 
a plurality of spaced holes forming a plurality of sepa 
rate, substantially straight passages through said layer 
for secondary electrons emitted from the bombarded 
side of the storage dielectric layer to be transmitted 
through said layer by way of said passages and col 
lected by said target electrode. 

9. A storage apparatus in accordance with claim 4 in 
which the storage dielectric is a plurality of separate 
spaced dielectric portions. 

10. a storage apparatus in accordance with claim 9 in 
which the spaced dielectric portions are coated on a 
light transparent insulative support plate, and the stor 
age target includes an apertured target electrode pro 
vided on said support plate and having a plurality of ap 
ertures within which the storage dielectric portions are 
provided. 

11. a storage apparatus in accordance with claim 4 in 
which the storage target is supported on the inner sur 
face of a faceplate of a cathode ray storage tube con 
taining writing means for bombarding the storage di 
electric with high velocity writing electrons to form the 
charge image, holding means for bombarding the stor 
age dielectric with low velocity holding electrons to 
cause bistable storage of the charge image, and collec 
tor means for collecting the secondary electrons emit 
ted by the storage dielectric. 

12. A storage apparatus in accordance with claim 11 
which also includes electrical readout means for scan 
ning the storage dielectric with a beam of reading elec 
trons to produce an electrical readout signal corre 
sponding to the storage charge image and for transmit 
ting said readout signal from the storage tube to a mon 
itor device. 

>l< * * * * 
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