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This invention relates to storage devices and

more particularly to devices of this character uti-
lizing electron beams for stormg and reproduemg
electrical signals.: |

Tt is an object of thls mventlon to ut1hze in
storage tubes of the electron beam type materials
- exhibiting the property of eleotron bombardment
induced conductivity.

It is another object of thls mventlon to reduce,
~ in storage tubes of this type, the dlstortmns pro-
- dueced by stray secondary electrons. |
In the copending applications of D. E. Wool-~
“dridge, Serial No. 747,888, filed May 14, 19477, and
K. G. McKay, Serial No. 789,667, filed December
4, 1947, there are disclosed various materials
which exhibit the property known as bombard-
ment induced conductivity. Each of these ‘mate-
rials (such as, for example, diamond, zinc sul-
phide, magnesium oxide, -silicon carbide and stib-
nite) is. normally an insulator, but When it is
struck by electrons (or other partleles such as
alpha or beta particles, for example), it becomes
conducting if at the time an electric field exists
between opposite surfaces of the insulator. The

bombarding particles penetrate the insulator,
- causing a disruptive separation of the positive
and negative charges specific to the atoms which
are allected by the bombarding particles. These
charges are drawn toward the electrodes produc-

~ ing the electric field and this motion of oharges -
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2

condltlons eonstltutmr-r the usual current 1n a
metallic. eonductmg medlum B

- When' electron bombardment removes a va- -
lence electron from its bonds in an insulating tar-

get, producing a deficiency of one electron in the
atomic structure immediately affeeted this local-
ized electron deficiency is called a “hole.” Un-
der an applied electric field the arrangement of
the electrons is changed, and the location of any
given hole will change. AS a consequence, the

- hole can be convemently regarded as a positive
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_'.:tlon superimposed on the random one,.
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- trons is a

30

constitutes a conduction current which i isin many
cases greatly in excess of the current of the bom- |

barding partleles
‘Diamond is

McKay applications can be used) because it ean
-~ eagsily be obfained without sufficient 1mpur1t1es
or imperfections to affect this high insulation re-
sistance or its conducting properties under bom-
bardment.
each of a nucleus exhibiting fixed units of posi-

tive charge, to which two electrons are tightly.

bound. This core is surrounded by four valence
electrons.

by “electron pair bonds’” between adjacent atoms.

The insulation resistance is high because the elec-

“tron bonds are very tight. As a result of this
tightness, very few electrons are displaced from

| thelr bonds by thermal agitation., This is not the -

case in, for example metals, where a large num-
ber of electrons are continuously being dlsplaeed
_Iby thermal agitation and are relatively free to
--_-'_'Wander through the metal thls under ;normal

The carbon atoms are held- together 5

_ a favored solid 1nsulator fm this
work (although other materials such as, for ex-
ample, others mentioned in the. Wooldridge and-

i
bt |

the crystal.

particle Whleh is Tree to move under the influence

of the field. Similarly, the electron freed from

the bond in question constitutes a negative par-
ticle which is free to move under the influence
of the electric field. If there is no applied field,
any free electron or positive hole moves in ac-
cordance with thermal agitation and consequent-

ly has a completely random motion. Under an

applied electric field, there is a directional mo-
The or-
der of mobility of the electrons in diamond is
of the order of 1 000 centimeters per second for
a field of one volt per centlmeter For g field of
10¢ volts per centimeter the velocity therefore is

107 centimeters per second. For a diamond crys-
tal one millimeter thick, the transit time there-

The moblhty of the elec-
Fected by the number of “traps » that is,
the. presenee of forelgn atoms or 1mperfeetlons in
If an electron gets into = trap, it
takes a greater or less amount of time to get out,

fore 1s 108 seoonds

-dependmg upon the thermal energy required.

Further information on traps and other charac-
terlstlcs of diamond crystals is given in the Wool-
drldge and MoKay apphcatlons referrad to above.

In aecordanee with the present invention, there

is provided a storage tuhe of the electron beam

40

The carbon atoms therein conSISt_
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type including an electron. target embodying ma-

terial which exhibits the property of electron hom-
bardment induced conductivity. Diamond is the

‘preferred material for reasons given above. More

specifically, the storage tube includes a target

comprising a layer of diamond or other material

exhibiting the property of electron bombard-

“ment induced conduet1v1ty coated on one side with
‘a, thin conducting metal layer and a metallic grid

member facing the uncoated side thereof. The
electron beam is caused to scan the uncoated side |
of the target through the grid member and at the
same time the signal to be stored is applied across
a resistor connected between the conducting layer
and the grid member, a source of direct potential
being also included in the circuit to bias the grid

_negatm—:']yr w1th respect to the eonductmg layer.
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As the electron beam s_ca,ns the .t_arget, the vari-

ous elemental areas thereof are rendered suc-
cessively conductive and the signals are stored as
a charge distribution along the path the beam
has swept out. In reproducing the signals, the
beam is made to retrace its previous path.

The invention will be more readily understood
by referring to the following description taken in
connection with the accompanying drawing
forming a part thereof in which:

Fig. 1 is a schemadtic repr esentation (}f a, cath-
ode ray storage tube of this invention together

with certain of its associated clrcmts and UK~

iliary equipment; -
Pig. 2 is a schematic view showing, in greatly

enlarged form, a portion of the target structure

and asscociated conducting electrode of the tube
shown in Fig. 1;

Fig. 3 is g schematlc circuit diagram to aid in

the understanding of the invention; and
Fig. 4 shows g modification of the target struc-

- ture and associated conducting electmde of the

device shown in Fig. 1.
-~ Referring more partlcularly to. the drawmg,

Fig. 1 shows, by way of example to illustrate the

invention, a cathode ray storage tube. {0 employ-
ing a target i containing material exhibiting

0

not been drawn to scale..
the target { I comprises a thin layer {1 of insulat-

- 4

shown in the drawing but it is to be understood
that any other means of prcducmg dlrect voltages
can be used instead.

Reference will now be made to Fig. 2 which
shows in enlarged scale a portion of the target
(i and its adjacent grid member 4. Fig. 2 has
As mentioned above,

ing material which exhibits the property of elec-

~tron bombardment induced conductivity and

" which has a thin metal coating {8 on the surface

2{)

<
[y

the property of electron bomibardment induced

conductivity. The tube {0 comprises an evacu-

ated container 12 enclosing the target (i, an
‘electron gun {3 for generating, focussing and ac-
celerating a beam of high velocity electrons to-
ward this target, a mesh grid member 14§ ad-
jacent the target 11, and two sets of electrostatic
deflecting plates 15 and {§ for causing the beam
of electrons to scan a number of elemental areas
in turn of a desired field on the target {I. The
target 11, which will be described below in greater
detail with reference to Fig. 2, comprises a layer
of material {7 which exhibits the property of elec-
tron  bombardment induced conductivity and
which is coated on the side remote from the elec-
tron gun with a thin conducting metal layer (8.

A resistor 19 and a source 20 of direct polarizing

potential are connected in series between fthe
metal layer (8 and the mesh grid member 4.
A sienal utilization device 21 is connected,
througha switch 22, across the resistor (9.

" The electron gun {3 preferably comprises a
cathode 23, a control electrode or member 24, a
first anode member 25, and a second and final
anode comprising a cylindrical member 26 and

31)

3
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- the anodes 26, 27.
‘tained to avoid changes in the sensitivity of the

g, coating 27 of conducting material on the inside .

walls of the envelope (2 extending from the re-
gion of the cylinder 26 to the region of the target
[1. The control electrode 24 is connected to the
cathode 23 through a source 29 and a resistor 30
“to place a negative bias on the control electrode.
Any suitable source 33 can be utilized to heat the
cathode 23. The first anode 25 and the final
anode 26, 271 are placed at appropriate positive
.potentials with respect to the cathode 23 by
‘means of the source 31 and the source 32. For
example, the findl anode 26, 27 can be from
1,000 to 10,000 or more volts positive with respect

to the cathode and the first anode 25 can have

‘an appropriate lower positive voltage for proper
focussing. The negative terminal of the source
31 is connected to the cathode 23 and the positive
terminal thereof is connected to the first anode
25, while the negative terminal of the source 32
is connected to the positive terminal of the
-source 3t and the positive terminal of source 32
is connected to the second anode 26, 27 and. to
‘ground. Batteries have, for convenience, been

55

densers 40, 41, |
1 microfarad capacity each. Coupling resist-

thereof remecte from the gun {3. By way of eX-
ample, the layer (7 is a very thin cut of diamond

or a simulated sheet of diamond formed by =2
5 crystalline layer (preferably one particle thick)

of diamond chips or diamond dust. Alternative-
1y, the layer {7 can be of any other su1table ma.-
terial exhlbltmg this desired property. The layer
T can be of the order of a millimeter thick,
for example. The layer 18 is of any suitable
material such as gold silver, platmum or &1’[11‘111-

num,. f or example.

- The high’ velomty beam produced by the gun
(3 is deflected in a desired manner (such as line
by line) over the surface of the target {t by
means G-I appropriate potentla,ls applied to the
pairs of defiecting plates {5 and (6 by electro-
static sweep circuits (not shown). If, for ex-

ample, the signal to be stored and later repro-

duced is a signal formed by the scanning of a
complete frame of a television object, suitable
sweep circuits of the cyclically recurring type
can be used. As an example of a suitable sweep
circuit of this type, reference is made to Patent

92,178,464, issued October 31, 1939, to M. W. Bald-

win, Jr., which discloses balanced electrostatic
sweep circults su1tab1e for television. Two sweep
circuits are, of course, used, one for frame scan-
ning and one ior line scanning, and connectlons
from these sweep circuits are made to the pairs
of plates 15 and {6 by means of coupling con-
A2 and 43, respectively, of about

ances 24 and 45, of the order of many megohms
each, are reSpectlvely connected across the pairs
of plates I5 and 16. The mid-points of the re-
sistances 44 and 46 are connected to the positive
terminal of the source 32 so that the average of
the potentials of the deflecting plates does not
deviate more than slightly from the potential of
This relationship is main-

deflecting system and the consequent distortion
of the image which would otherwise result. For
2 more complete description of the advantages of

 balanced sweep circuits for use with cathode ray

60

Since the

television tubes, reference is made to the above-

‘mentioned Baldwin patent and also to Patent

2,209,199, issued July 23, 1940, to Frank Gray.

signal being. stored has associated

~ therewith the usual frame and line frequency

65
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synchronizing signals together with blanking sig-
nals, the usual television synchronizing circuits
can be used to initiate starting of each line of
the scanning in turn and to blank the beam dur-
ing its fly-back operation between lines. If it is
desired to record a whole television signal, two
tubes {8 like those shown in Fig. 1 can be used,
each connected so as to record and reproduce
during alternate frame periods in a manner sim-
ilar to that disclosed in a copending application
of R. B. Graham, Serial No.. D 010 filed January
29, 1948,

The source of mput signals 48 is connected
across the resistor 9. A suitable smtch 49 is



shown’ connected in one of the leads between. the
- source 48 and the resistor- 19, the operatlon of

the ‘switch 49 being synchronized; by any suit-
able means, with that of -the switeh 22 in sueh a

manner that when the switch -49. IS in- a ‘closed

posmon the switch 22 is in an open position, and
vice versa. If two tubes 10 are used, the sweep

- circuits are operated continuously so. that each
tube records- during one frame perlod a,:od re-'

produces during the next..

10

- The operation of the deV1ce shown in Flg 1 .

w111 now be described. Assume that the signal
to be stored on the layer i1 is a television video
signal formed by scanning one frame. During
the recording stage the switch member 49 is
closed as shown on the drawing, while the switch
22 is open. The electron beam produced by the
gun I3 is caused to scan, through the mesh grid
14. the uncoated side of the layer 1T and at the
same time the signal to be stored is applied across
the resistor 19 which is connected, in series with
the source 20, between the surface {8 and the
grid 14. As the electron beam scans the surface
of the layer
thereof are rendered successively conductive,
and the signals are stored as a charge distribu-
tion along the path the beam sweeps out. The
portion of the surface on which: the beam falls

thus attains substantially the same potential as

the backing plate or layer 18. As the layer 17 is
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I7, the various elemental areas
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The total charge per unit area on the Iace of the
la,yer l'I 1s |

_—'._V_zCz ‘I‘VlCl
= Vi ( Ci+C,)

Ny . | -1 01 +02 ,

After the smtch S has been closed this volt~
age. appears across the capacitance Ci: the
oha,rge leit on oapamtonce C: is then

oC
Ci+Co

- oi=o/(1+C/C)
Now the ratio C’z/C1 is |

- Co/Cy= (dft)(ei€)

g1— VICI

'I—Iere d is the dlstanoe from the grid 14 to the

face of the target 171 adjacent it, £ is the thick-
ness of the material {7, and (e1/e) is the ratio of
the dielectric constant of the material 17 to the
dielectric constant of vacuum. -

Suppose the electron beam has a width
meters and travels at a rate of v meters per sec-

R ond. Then the area swept out per second is

30

conducting where the beam strikes it and the

~surface has the same potential as the backing

plate, the voltage gradient at the’ surface where

.-the beem fe,lls due 1o the mgnal 1s
V=g

| 'Henoe a oharge ' per umt orea, 1s mduoed on the-

a0

_surfece which is

“which is 8.85%X 1012 farads per meter.

:In reading the signal, the switch 49 is opened'_ :
and the switch 22 is olosed and the. output is

“may be, for example, a cathode ray oscilloscope,
or another tube of the type shown in Fig. 1 if it

is desired to impart a further delay to the signal,

ior-any. other demee utilizing the reproduced sig-
nals which are deloyed replicas ‘of the original
signals. . In the reproducing step the eleotron

“beam is mede to retrace the path which it took’ o

in writing the signal on the layer IT. This syn-

- chronization is accomplished by any suitable me-

Suppose the re-
sistance 19 has such a2 low vo}.ue that the voliage

chanical or electronic means.

drop caused by the stored charge flowing through
it is very small. Then, as the beam sweeps along
the path, the surface of the material 1T becomes
conducting and the charge + flows through it.
Fig. 3 shows an equivalent circuit by means of
- which the amount of charge flowing through the

‘resistance 19 can be deduced. In Fig. 3, C1 is

R 1

A_._.we

The current flow through the resistor I9 is
' I=Ac1=wVs1 .

Thls wﬂl cause a Voltoge output
P | V=IR

Thus 1t follows from the above that the currenu
can be expressed in terms of the voltage Vs ap-

- plied in storing the signal as follows:

cwr R
. [1+(d/t)(61/6)]d
It .r.s not neoessary that the electron beam used

V/Ve

- to. produce bombardment induced conductivity

strike the free surface of the layer 171. In Fig. 4,

- - the electron beam passes through the layer 50
Where e is the dielectric constant of vacuum which is.either a very thin layer of conducting
‘material or which is a deposited grid or mesh

“member, and the grid member {4 of Fig. 1 is re-

. placed in function by a plane electrode 51 spaced
applied to the signal utlllzatlon devme 2{ which

from the free surface of the layer {1. A direct
current.source 52 can produce a biasing voltage

in either direction, as it has been found that a
bias: usually gives an improved operation in con-

- nection with the operetlon of bombardment in-
,: -.e’luoed conductivity. |

60
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the capacitance per unit area between the grid

member {4 and the surface of the material 7.
Condenser Cz is the capacitance per unit area
- across the layer 1. When the electron beam
strikes the material (7 it is equivalent to closing

~the switch S. Before the switeh is closed, the .

voltage V2 across Cz is equal and opposite to the

| -voltage V1 aoross Ci1 and
| V1-—-——-Vz

Various other mod1 1oatlons can he made 1n

_"the embodiment described above without depart-
ing- from the spirit of the invention the scope of
which is indicated in the claims.

The specific
potentials applied to the various elements are

‘herein given merely by way of example and it is

to be understood that their values may be made
materially different without changing the general
method of operation of the devices described here-
in. For example, the type of crystal material

‘used and its thickness materially affects the oper-

ating potentials required.
What is claimed is:
1. A recorder and reproducer of signals. com-

ﬁrmne a target for electrons including a layer of

eiectrically insulating material Whioh possesses
the property of becoming an electrical conductor
when bombarded with electrons, an electrode
member adjacent said target, electric circuit
means for applying between said layer and said:

o ~ electrode a signal voltage to be stored, means for _'
. 1B

formmg Q, beom of eleotrons and for causmg it
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- tostrike said laver as -said signals are being ap-

- plied thereto, thereby forming a series of charges
on said layer, and means for removing said
charges at a later tlme to centrol the production
of signals. |

2. A device for the storage of electrical sig-
nals comprising a target for electrons including a
layer of material which is normally electrically
 indulating but which has the property of becom-
ing electrically conducting when bombarded with
electrons, a metal coating on one surface of said
layer, a conducting electrode member on the side
of said layer remote from said coating but spaced
from said layer, and electric circuit means for
applying a signal voltage to be stored between
said coating and said electrode member.

3. A device for the storage of electrical sig-
nals comprising a target for electrons including
a leyer of material which is normally electrically
_msale,tmg but which has the property of be-
coming. electrlcelly conducting when bombarded
with. electrons, a metal coating on one surface
of seld layer, a conducting electrode member on
the side of said layer remote from said coating
but Spaced from said layer, and electric circuit
mesans for applying & sighal voltage to be stored
between said coating and said electrode member,
- said cwcult means mcludmg a, ble,smg source of

potential. - ~

4, A devwe for the storage of electrical sig-
'nels comprising a target for electrons including
a layer of material which is normally electrically
insulating but which has the property of becom-

it

10
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 ing-electrically conducting when bombarded with

electtons, a metal coating on one surface of said 35
layer, a conducting electrode member on the side
of said layer remote from said coating but spaced
from said layer, electric circuit means for ap-
plying a signal voltage to be stored between
said coating and said electrode member, said
connecting electrode comprising a mesh grid
member, and means for bombarding said un- -
coated surface of said layer with a beam of elec-
trons through said mesh grid member.
-~ B, A device for the storage of electrical sig-
- nals comprising a target for electrons including

a layer of material which is normally electrically
insulating but which has the property of becom-
ing electrically conducting when bombarded with
 electrons, a metal coating on one surface of said 60
layer, a conducting electrode member on the side
of said layer remote from said coating but spaced
from said layer, electric circuit means for apply-
ing . a signal voltage to be stored between said
coating and said electrode -member, said layer
being capable of ftransmiitting electrons, and
means for forming a beam of electrons and for
directing it through said layer. |

40
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6. A device for the storage of -electrical sig-
nals comprising a target for electrons including
material which is normally electrically . insulag-
ing but which has the property of becoming elec-
trically conducting when bombarded with elec-
trons, a metallic member on one face of said tar-
get, a second metallic member adjacent the op-

posite face of said target but spaced therefrom,

electric circuit means for applying a signal volt-
age to be stored between said two metallic mem-
bers, and means for scanning said target mth 4
beam of electrons.

7. A device for the storage of electrlca,l sigw
nals comprising a target for electrons including
material which is normally electrically insulat-
ing but which has the property of becoming elec-
trically conducting when bombarded with elec-
trons, a metallic member on one face of said tar-
get, a second metallic member adjacent the op-
posite face of said target but spaced therefrom,
electrie circuit means for applying a signal volt-
age to be stored between said two metallic mem-
bers, and means for scanning said target with a
beam of electrons, said last-mentioned means be-
ing so aligned Wlth respect to said target that it
passes through said spaced conduetmg member te
strike said target.

8. A device for the storage of electrical sig-
nals comprising a target for electrons including
material which is normally elecirically insulat-
ing but which has the property of becoming elec-
trically conducting when bombarded with elec-
trons, a metallic member on one face of said tar-
get, a second metallic member adjacent the op-
posite face of said target but spaced therefrom,
electric circuit means for applying 2 signal volt-
age to he stored between said two metallic mem-
bers, and means for scanning said target with a

‘beam of electrons, said laet-mentmned means be-

ing so aligned with respect to said target that the
beam passes through said metallic member on
S&Td target to strike said material.

JOHN R PIERCE
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