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UNITED STATES PATENT .FFICE

. . 2 527,981 .
SEC@NDARY—ELECTRON EMISSION
J enny Bra,miey, Long Brench N.J.

Orrgmel applroation August 23, 1945

Serra,l No.

612,197. Divided and this a,ppllca,tlon April 9,

1948 Serial Ne. 20, 016

R 24 Claims.

My invention rela,tes to epperetus for sec-

ondary-electron-emlssmn

(CL 250-—-174)

The present application is a division of my co-

pending application for -Secondary-Electron
‘Emitting Surface, Serial No 612, 197 filed August
23, 1945,

T

The primary purpose of the invention is to ob-_ .

- tain: multiplication of seeondery electrons much

higher than that obtained in pr1or _praetlee ThlS
is accomplished in this invention by the proper
construction of composite surfaces. One method
is to interpose a layer of dielectric limifed in
thickness to 0.1 mm. and preferably not exceed-
ing 0.03 mm. between g layer with at least moder-

ately high secondary-electron-emissive proper-

. 2 .
emission ret’io. It is possible eithier to minimize
the time lag between the primary and secondary
currents or to obtain the maximum value for the
eoefﬁment of secondary emission, but in general
it is not possible to accomplish both purposes
simultaneously. In the case of the alkali halides
this. terrlpere,ture should range from 60° C. up

~to 250° C. in order to control the speed of the
~ color centers induced in the alkali halides by

10

ties (called henceforth-the secondary-electron-

emitting layer) on the one hand and. a. metalhe-
- base:on the other hand. Suitable substances for
~ the dielectric are oxides of titanium, copper,

- manganese, or gluminum;. the letter having im-
For
the secondary- eleetron-emlttmg layer the follow-

purity centers, or crystals of alkah halides.

ing substances may be used: beryllium or an-al-
loy or oxide thereof, magnesium (o‘odzzed)
aluminum, or an alloy or oxide thereof. |

A further purpose is: to produce opparatus for-

increasing the emission of secondary electrons.

. A further purpose is to-obtain high multiplica-
tion in a secondary-electron-emitier without the
- undesirable features of photoelectric effect due to

the presence of a photoelectric material, such as

 caesium, 111 the leyer emitting. secondary elec-

“trons.

A further purpose is to produce e, seeondery—

electron emitter of high’ multmllee,tlon while
‘avoiding time lag between the start or stop of the

primary electron bombardment, when these color

- centers move under the influence of an electne_

field.

A further purpose is to oxidize a metallic base;
such as aluminum, copper or chromiumi, or an .

alloy thereof, or a corrosion resisting iron-

chromium alloy (such as stainless stéel), forms-

ing a. dielectric, apply over it a secondery—elec- |
__tI‘O“l emitting layer, and expose the layers dur- -

ing operation for a short time to an e€levated
temperature predetermmed by the coordination

between the primary current and the secondary

- electron emission or by the value of the second-

‘primary current and the start or stop of h1gh_- :

seeondary electron emission.

A further purpose is to mamta,m close tlme B

o coordlnatlon between g secondary-electron-emit-

ter and the primary current by providing for the
neutralization by electrons of the positive charge
in ‘the secondary-electron-emitting layer at a
rate predetermined by the primary current.

A further purpose is to enhance the secondary-
electron-emission of magnesium (oxidized) by
paking it in vacuo at a temperature of 600° to 800°

. Other secondary electron emitters should be-

40

.~ through which electrons can pass.

baked at appropriate temperatures predeter-.

mined by the nature of the emitter (that is, from :

60° C. to a temperature of 300° C. below the melt—
ing point) in order to: obtain close coordination

between the primary current and the secondary |

electron: emission together with the correspond-
“ing optimum value for the secondary electron

22

ary electron emission ratio, Wthh can be pre-
assigned within 111111138 ror 2 time lag mthm the
desired range. :

A further purpose is to decrease conductivity

‘along the layer of the secondary- -electron-emit-

ter in the eompomte surface as by granulatmg

the surface into a mosaic.

A further purpose is to increase the scope of
cathode ray beam tubes by employing a fine
wire mesh with a surface having enhanced sec-
ondery—-eleetron-emlttmg properties in & ceth-‘
ode ray beam tube in which there is a partlolly
transparent metal film on the inside of the face
plete Aluminum constitutes a suitable choice
for the metal film. The secondary-électron-~

emitting surface should surround the wires of

the mesh, the 'whole structure constituting a
perforated surface, which not only will allow the |
primary beam tc g0 through it, bt in its travel
in.a scanning path to find at all points a channel
The mesh
must be at a negative potential with respect 1o
the thin metal on the face plate. In another

embodiment the fine wire mesh is. used to Sup-

port the three-layer secondary election emitter,

‘which should approximate a continuous surface.
The base metal of the three-layer surface should
in g variation of this embodiment make electrical
contact with the fine metallic wire mesh used to
support the secondary electron emitter.

In an-
other variation of this embodiment, the fine
metallic wire mesh can be used to supply the heat
to control. the temperemre of the three-layer
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emitter. There is still another variation of
this embodiment in which the three-layer sec-
ondary electron emitter can be supported in a
non-metallic grid structure such as plastic or
glass. In still another variation the aforemen-
tioned grid is replaced by a thin transparent
sheet of plastic or glass. In those cases in which
the dielectric of the composite secondary elec-

tron emitter has the optical properties desired

for the examination of the pattern produced by
the electron bombardment, the base metal should

10

‘be in the form of a thin pertle,lly transparent

film.

By proper choice of the emitting surface the

time lag between the primary current. and the

secondary. emission from the wire mesh can be-
made comparable to the time between scanning

frames. This is equivalent to a storage eilect.

The drawings are useful in explaining the
invention. They have been chosen for the pur-
pose of clear illustration of the principles in-
volved and to illustrate conventionally a few
only of the possible embodiments of the inven-
tion. In the drawings like numerals refer to
like perts

Figure 1 is a diagrammatic section of a com-
pesﬂ:e surface useful in explaining the invention.
- Figures 2, 6, 7, 8 and 10 show cathode ray
beam tubes having a glass envelope, the con-
ventional electron gun and electrode system for
accelerating the electrons, and if necessary focus-
ing and defiecting them, being omitted in Figures

2, 6, 7 and 10, and suggested in Figure 8.
- " PFigure 3 is a diagrammadtic section of a com-
posite surface in which the metal base makes
electrical contact with a fine metallic wire mesh.

15

4
actually formed within the envelope itself by
applying one part at a time until the construc-
tion under consideration has been completed, or
the features or elemental parts may be corre-
lated outside of the envelope with more or less
completeness and be then introduced within the

~envelope as a member of the assembly, after

which the tube is closed and evacuated.
The metallic base 20 in Figure 1 may consist
of any desired solid metallic material. The

metallic base is covered by an extremely thin

layer 21 of dielectric. Suitable dielectric mate-
rials are: aluminum oxide Al203, provided it con-
tains impurity centers, titanium oxide TiOsg,
copper oxide, manganese oxide MnQ, inorganic

~crystalline phosphors, inorganic vitreous phos-

20

phors, or an alkali halide, such as NaCl, KCli,
LiCl. The alkali halides are inert and do not
volatilize easily under the conditions of produc-
tion of secondary emission.

The dielectric need not be a perfeet insulator;
1t preferably will be a semi-conductor. The
structure of the dlelectnc should preferably be
very fine.

On the dlelectrlc layer is deposited a thin (2

to 20 microns thick) layer 22 of a substance

- which is a good emitter of secondary electrons

511

Figure 4 is a variation of Figure 3 in which

the wire mesh supplies heat. :
| Flgure 5 is a variation of Figure 3 in whlch

the mesh is of plastic or glass.

Figures 6 and 7 are Varlatlens of Figure 2

omlttlng the erid and applying the secondary
electron emitting element to the face plate.
" Pigure 8 is a further variation of Figure 2.
~ PFigure 9 is a fragmentary variation of Figure 8.
- Pigure 10 is g view corresponding to Figure 2
showing a further variation.
One of the most important aspects of the

invention relates to the production in electron

tubes of extremely high emission of secondary
electrons ‘as a consequence of sirong electro-
stetlc fields initiated by bombardment with pri-
mary electrons of composite surfaces constructed
in accordance with the invention. ‘There must,
of course, be a suitable source of primary elec-
trons and these electrons should have a speed
such that the ratio of the number of secondary
electrons  released from the secondary-electron-

 emitting element to the number of primary elec-

trons of the beam impinging on the secondary-
‘electron-emitting element is greater than unity,
such velocity being furthermore such for cathode

40)

'30% bperyllium appears the most efficient.

such as beryllium; beryllium oxide, BeO; alloys
of beryllium, particularly alloys of berylium and
copper; magnesium (oxidized) ; oxidized mag-
nesium aloys; aluminum: alloys predominantly
aluminum, such as duralumin of any of the
recognized varieties, especially aluminum alloy
178 (Al 99%, Cu 4%, Mg. 0.0%, Mn 0.5%) or
aluminum alloy 24S (Al 93.8%, Cu 4.2%, Mg
1.9%, Mn 0.9%), or the aluminum magnesium

- (such as 10% or 30%) alloys, or the aluminum-

beryllium alloys, of which the one containing
Alu-
minum base alloys of silicon, and aluminum base
alloys of copper may be used. In the aluminum

~ base alloys of beryllium the content of beryllium

85

should be between 20% and 409% and the com-
bined content of magnesium, molybdenum, and
zirconium should not exceed two percent; oxides
of aluminum base alloys of beryllium may be
used. Also oxidized aluminum base alloys of

beryllium having magnesium as & preconstituent

may be employed. Among the above, the du-
ralumins are unexpectedly effective out of all
proportion to any characteristics previously sus-
pected and greatly exceed pure aluminum in

-multiplication.

When this top or secondary-electron—emlttmg
layer 22 is struck by primary electrons under suit-
able potential conditions, it emits a large number
of secondary electrons and thus becomes posi-
tively charged and creates a strong electrostatic

- field between the metallic base and the dielectric

60

ray tubes that the time lag between the impact

of the electrons in the scanning beam and the
emission of secondary electrons is less than the
time of persistence of vision.

- The base, diclectric and secondary emitter are
capable of being laid variously but always with
the same resultant arrangement of layers end

the same method of operation.

- In the construction of tubes, the electrodes
“and other structural features of the tube may
be applied one to another within an envelope of
glass or metal as the case may be, in which case

. the “combination” between the several parts is

70

76

layver 21. This electrostatic field pulls .out elec-
trons from the metallic base 20 through the di-
electric thus producing a high multiplication of
electrons. The strong fields across the dielectric
which have been discussed so far, were produced
by secondary electron emission from the second-
ary-electron-emitting layer. However, if the
secondary-electron-emitting layer is conducting,
it is possible to connect it electrically to a source

of electrical power and obtain the same results,

namely, the production of internal secondaries
in the dieleciric by the primary beam, the pro-

duction of electrons in the dielectric by strong

field emission from the metal base, and in certain
cases, such as alkali hahde dlelectrlcs the drlft
of color centers, |
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- -‘The-combined:thickness -of ‘the -dielectric layer
and-of the:layer-emitting -secondary -electrons
must-be very-small, the -desirable range being
from 2 to 20 microns. While not in every -case
essential -this rarige- of uthknESS should be used
for best:-results. | A

‘One-of-the pmblems insthe prior- art has been
to-cause ‘the*seeonda,ry-nelectron emission to-stop
and -start either:in-coincidence with the primary

current ‘or -after only -a ‘brief and controllable

-~ time interval. -Malter ‘tMarconi) British Patent
481,170, ‘September -7, 1936, uses -caesium and is

troubled by time la,g between the-start-of-the pri-

maxry: current and the start of thehigh- secondary-

electron-emission, aswellﬁs between-the- stoppmg 1

of the primary -curr ent gnd- the stopping of -the
secondary emission. “(Mgalter, Physmal Review,
vol. 49, p. 478 and p.879-(1936).) Furthermore,
caesium ‘deteriorates by volatilization -in -vacuo
and causes objectionable *photﬂelectrm effects,
which militate against the use of the layer-as an
emitting surface-in a photomultiplier tube.

In the present-invention,‘the electron=emitting
layeris non-photoelectric, and many advantages
and avmdance of much chfﬁ culty are: thereby 0ob-
tamed |

‘In order ‘to prevent excessive time lag, ‘the
positive charge ‘in ‘the secondary-electron-emit-
ting ‘layer ‘22 must ‘be neutralized by electrons
from the dielectric 21 very quickly, but not
quickly enough to interfere with extraction of
secondary e€lectrons “by the electrostatic field.
‘The -extraction time has been estimated 25 about
10-14 seconds.

The dielectric layer 2I may be deposited by

spraying, settling, evaporation,-or similar methods
carried out at suitable temperatures as well as
by oxidation, aslater explained. The secondary-
electron-emitting layer can be deposited on the
dielectric by dusting, evaporation, settling, or
the like. "T-have discovered that in order to pro-
duce the high field necessary for electron ex-
traction from the metallic base under the con-
ditions of cold emission (about 1,000,000 volts per

centimeter) the thickness of the di€lectric layer :

~is of importance. A voltage due to secondary-
electron emission of more than a few thousand
volts is not obtained in practice. For best re-
sults the thickness should be approximately 0.03
millimeter, and ‘in any ¢
layer should not éxceed 0.1 millimeter. No 1limit

on thinness is necessary promded the dlelectnc o

functions. |
The invention is Gperatwe in its broader phaqes

provided ‘the metallic base, dielectric layer, and -

secondary-€lectron-emitting layer are as de-

case the thickness of the -

‘30

40

- seribed,; without further precautions to avoid

eral ways, which T ‘have dlscovered to overcome
thls trouble.

- time lag, but for best results special precautions

to avoid time lag should be taken. There are sev-
' 60

One way of &ssm‘tmg in’ overcnmmg tlme 1ag |

- is-to deposit the three-layer secondary-electron-

emitting surface in such a way that its tempera,- -

ture can be controlled Wlthm narrow limits.

"This can’ be accomplished in a number of ways.
-One‘way is to make the baﬁe metal very thin so .

it on a heat insulator transpa,rent to infra red

radiation, such as glass as for exa,mple the face =
plate of a cathode ray ‘tube, mica, or certam_

plastics. The tempera’rure is then cﬁntrmled by

- that it‘has a very smsll'heat content and support

1 L
‘.t

the amount of infra -red radiation received by :

the compos1te surface.

| “Another way is to sup-
_PQr

‘the very thin metallm base on a. ‘support,

6

which ‘itself has a very low heat content, such:as
a very thin nonmetallic insulating (plastic .or
glass) film, which isin turn supported by a wire
mesh. On being heated by a .source:of current,

this wire mesh will fransmit its heat to the sec- =

ondary electron emitter. Still another way,
which can:be used €ither by itself:or in:comhina-
tion with either infra red or electrical energy,
is to make the heat content of both the second-
ary-electron-emitting surface and of its .support
very low, as by supporting a very thin metallic
base on a very thin plastic or glass film supported
in turn on a fine plastic or glass mesh or support,

-so that the heat produced by the primary beam

on bombarding the surface is sufficient to I'&IS& |

the temperature to the desired range. R
It is desirable in many cases to have a means

of varying the strength of the field ‘across the

“dielectric from one point on the outer surface of

the secondary-electron-emitting layer to another.
This can be accomplished to some.extent by the
mosaic structure of this layer, which enables:dif -
ferent island regions of the secondary- electron—
emitting layer to assume different potentials.
These island regions are small in -extent. The
value of the differences in potential will depend

- on the degree of the mosaic structure and on the -

resistivity of the dielectric, two factors deter-
mining the extent of insulation of the islands

from each other. This division of the secondary-

electron-emitting composite surface -can be car-
ried even further. The suriace of the secondary-
electron-emitting layer can be divided into sepa-

" rate regions not only to have a means for vary-

ing the field strength across the dielectric but .
for the purpose of heating the separate regions
to different temperatures. -Since the properties
of the dielectric, such as the mobility of color
centers in alkali halldes depend to a marked de-
oree on the temperature, this variation in tem-
perature can be used to achieve, for example, dif-
ferent degrees of coloration in alkali halide di-
electrics. 'This division can be carried still fur-
ther: the base metal can be divided into insulated
regions which can be mamtamed at dlﬁerent
potentials. - -

- Where the secondary-electmn-emltter is beryl-
Tium, it has been successfully applied to the tube
element by evaporation in vacuo from electri-
cally heated tantalum spirals which serve as
supports and heaters. It does not matter whether
the beryllium is oxidized or not, since the metal
and oxide are equally good as secondary emitters.
- Where magnesium is used-as a secondary-elec-
tron-emitter, the oxidation is essential, as the
unoxidized metal is not a good emitter. The
metal w111 however, oxidize rather readily in air.
T have discovered that the effectiveness of mag-
nesium (oxidized) as a seconda,ry-electron—-emlttm

“is greatly 1mproved by the step of baking in

vacuo at a temperature of from 600° to 800° C.
The reason for the improved results from- the
baking in vacuo is thought to be at least partly
due to the migration of magnesium into the sur-

face portion of the dielectric, and the fact has
‘been clearly demonstrated.

“Where the metallic base is made of a metal

‘which forms an adherent oxide film self limited

in thickness to about 50 Angstroms, the oxide can
be utilized for the dielectrie. Suitable metalhc
base materials may-consist of-aluminum or-alumi-
num alloys, such as aluminume-copper up to 11%;
aluminum - copper (4 to 4.2%) -— manganese
(0.5%)—magnesivm (05 to 1.5%): aluminum-

magnesium (10%); aluminum-~copper (4%)—
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silicon (3%): chromium: alloys predominantly
consisting of chromium (chromium-copper);
- copper, alloys predominantly consisting of cop-
per (bronze, brass, muntz metal) , and corrosion-
resisting iron~chromium (14%) a,lloys

The invention can be usefully applied to elec-
tron beam tubes and in particular to image con-
verter, or cathode ray tubes, or light valves to
intensify the images produced by electron impact
on fluorescent or light valve screens. <While the
example given below has been directed particu-
larly to cathode ray tubes, it will be evident to
those skilled in the art that it can be applied
equally well to image converters and light valves.

- For cathode ray tubes the metallic film on the
1ns1de of the face plate must be capable of trans-
mitting at least 85% of the light impinging upon
it. It is desirable to have a means of adusting
the metallic film to a definite potential. Several
views show a cathode ray tube having an en-
velope 15 and a. cathode ray beam channel (6
from a gun 17T (Figure 8) to a metallic layer 23
on a face plate {8. For example, in Figure 2,
the conducting film 23 on the interior surface of
the face plate of the cathode ray beam tube is
connected to.electrode 24. The potential of the
metallic grid 25 is maintained at the value of
the anode potential by connecting the grid 25
to the colloidal graphite coating 28. The grid 25
must be coated and the composite surface pre-
pared to produce an enhanced secondary-elec-
tron-emission. - The grid 25 forms the metallic
base of the secondary-electron-emitter. Of
- course, the conducting filim 23 and the electrical
- connection to the electrode 24 must be insulated
from grid 25.

In one of the embodlments of the invention
the base metal layer 20 makes electrical contact
with the fine metallic wire mesh of the grid 25,
the dielectric layer 21 and secondary-electron-
emitting layer 22 being deposited on the metallic
base 20 on the side toward the electron heam.,
See Figure 3. |
- As shown in Figure 4, the fine metallic wire

mesh of the grid 25 can itself supply the heat to
contrel the temperature of the three-layer emit-
ter. To suggest this, without limitation thereto,
I have shown a heater circuit 27 connected to an
element of the mesh 25, and including a source
of electric power 28 and a control resistor 28.
- In another variation of the invention the three-
elements secondary~electron-emitter is supported
on a plastic, mica or glass grid 25" as shown in
Figure 5, the electrical connection 38 being made
to the base metal 20, and the dielectric 21 and
secondary-electron emitting layer 22 being ap-

plied thereon. Plastic for the grid may be phenol-

formaldehyde linear polyamlde urea- formalde-
hyde, or the like. - = +

- Of the three embodiments of the 1nvent10n
Llllustrated in Figures 3, 4, and 5, especially easy
to carry out in practice is the embodiment_ shown
in Pigure 3. The base metal 20 may be varied
in thickness within rather large. limits depending
on-the partlcular apphcatmn for which the tube
is designed. For applications mvolvmg cathode
ray beam tube construction, the base metal 20
may be deposited so thinly that its tranf:mlssmn
for light is high. - - ~
. However, in many apphca,hons the power re-
quirements of the tube, particularly of the heat-
ing means in a cathode ray beam tube, make it
possible to dispense with mesh 25 provided that

10

16

20

2D

30

40

transparent conducting

conducting film 23.

8

parent conducting film 23 on the interior surface
of the face plate serves as the metallic base of
the enhanced comp051te secondary electron
emltter

Figure 6 ﬂlustra,tes a tube sumlar to that shown
in Figure 2 without a grid, in which the partially
Alm 23 provides the base
for a dielectric layer 21 and a secondary-electron-
emitting layer 22. The terminal 24 is connected
to the film 23. As shown in the drawing, the
secondary-electron- emitting layer 22 is con-
nected electrically to an electrode 35 so that it
can be maintained at a different potential from
the metallic base 23. In this embodiment the
potential of the secondary-electron-emitting
layer 22 and of the conducting coating 26 can be
the same, but if the electrodes 34 and 35 and the
surfaces 22 and 26 are suitably insulated by
means shown in PFigure 8, this need not be so.
If the potentials of surfaces 22 and 26 are the
same, in many instances the electrical connec-
tion between them can be made internally with-
out the necessity of having electrode 35.

Inorganic crystalline phosphors, inorganic vit-
reous phosphors, and the alkali halides are of
particular interest as dielectrics over the base
metal, while aluminum and magnesium, in which
last metal the surface is oxidized, are of particu-
lar interest for the secondary-electron-emitting
layer over the dielectric.

According to another form of realization of the
apparatus according to this invention as de-
scribed in the next to the last paragraph, the
metallic base of the secondary-electron-emitter,
which is shown as the coating 23 in Figure 2, may
be divided into separate sections insulated from
one another, which provide the base for the di-
electric layer 21 and the secondary-electron-
emitting layer 22. These may also be divided into
sections corresponding to the divisions of the
Figure 7 shows a ftube in
which the terminals 24’ and 242 are connected
electrically to the separate sections 23’ and 232
of the conducting film, on which are superim-
posed the dielectric layer 2f and the secondary-
electron-emitting layer 22. The latter is shown
as a unit insulated by the dielectric layer 21.

In many applications, e. g. Figure 6, the po-
tential on the partially transparent conducting
film 23 may be negative with respect to the anode
potential, but for best performance it is often ad-
visable to maintain this conductor 23 at an al-

- ternating potential of such freqguency and magni-

60

6o

70

the secondary-electron-emitter is made part of

the coating on the face plate. Then the trans-

tude with respect to the anode potential that the

electrons are not trapped in interstitial positions
in the dielectric. This arrangement is also ad-
vantageous for the method illustrated in Figure 7
where the alternating component of the potential
of the two sections of the conductor 23’ and 232
should have different phase angles with respec’c to
each other.

Since the operation of a . construction such as

'Flgure 6 depends on the orientation of the elec-

tric fields, the shape of the funnel and of the face
plate must be adapted to conform to the electro-
static potential lines so that the raster on the

face plate should not be distorted. One way of

accomplishing this is to have the. end of the fun--

nel in the shape of a cylinder with g flat face
plate sealed on to the end of this cylinder. It is
cbvious that the funnel must have another shape

if the face plate has a radius of curvature com-
parable to its diameter. Since the film 23 on the

interior of the face plate is an.equipotential sur-
face which may be maintained at a different po-
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tential than the conducting coating 2§. of the
funnel, the system: of equipotential surfaces can-

be made to.approximate those near the end.of the
low voltage cylinder of a.two.cylinder electro-
static lens. The system of mesh 28 or film 23
held at different potentials with. regard to the
conducting anode coating 26 of the tube (aquadag
is.a particularly effective coating) has a prefound

. effect on the electron trajectories. In those cases

where images produced: by primary beam bom-

¥

bardment of the enhanced secondary-electron-

emitting surface are under observation, fhe
image may be considerably altered from those
images which would be observed if the mesh or
film were held at anode potential. The effects of
these electrostatic lens systems on the electron

1.

composite surface: such surface may be granu-
lated: into & mosaic. This can be done by firing
in a hydrogen atmosphere at a. temperature above
600° C. and below the- softening point of the
metal to reduce 1mpur1t1es and roughen the. sur-
face. |

An. alternafe. technique for moducmg -the
mosaic is to expose the composite surface (metal-
lic base, oxide, and secondary-electron-emitting.
layer) abruptly and briefly to. a temperature in
the range from 600° to 800° C._for aluminum and:
higher or lower depending on the melting point
tor the other metals and alloys mentioned, For
best results: the expesure should be limited to a
few seconds:in order to insure that the secondary-

~electron-emitting layer (for example beryllium)

trajectories are subject to calculation. Typical

examples of this technique are shown in V. E.
Cosslet, Introduction to Electron Optics (Oxford
1946) , notably chapter II, The Electrostatic Field,
where Figure 18, page 26, gives the potential dis-
tribution in the symmetrical two-cylinder leus,
and chapter III, Electrostatic Focusing, with
Figure 31, giving the trajectories and cardinal
points in a two-cylinder lens.. By proper choice
~of the potential difference the electron trajec-
tories become such that the spot size is substan-.
tially the same as that in g.system where the film
23 1s at the seme potential as the conducting
coating 26. |

In carrying out the invention provision may
have - to be made: for: maintaining—without un-

due leakage or breakdown—the potential differ- .

20

be in the form of a well separated mosaic.: The
mosaic structure increases the surface of the di-
electric exposed to the primary beam and re-.
duces. conductivity in t} e plane parallel to the-
metallic base. |

There is no exact temperature at whleh bead--

ing or mosaic formation occurs, but rather a.
range as set forth within which the phenomenon:
3 1s evidenced. The extent of mosaic formation is:

influeneced by such: faetors as oxide film. thleknese

- and heat capacity of the metallic base.

ence in the short distance between:the end of the |

conducting coating 26. at anode potential, and
the conducting film 23... This distance has to be
short in order- to. simulate- the conditions in a
typical cathode ray tube..
volts may have to be-maintained over this short
distance ranging from % to:1 inch, the glass path
should be increased several times over this value.

- The same is true for the vacuum path between
the ends of the conducting: coating 26 at anode:

| petential end the ﬁlm 23. One wey ef accom-

barrier protru_dmg into the tub.e_ b.ut I_lot so far

that it infercepts- the electron beam as it scans
If the barrier 31 shown in.
its simplest: form- in Figure & is corrugated as

shown at 32 in Figure 9 like the insulators used.
- in high tension lines, then the glass path is still

over the face plate;

further- increased between the end of the con-

ducting coating- 29 at anode potential and the:

‘Since- thousands of -

4().

- ducted to the electrode 35.

In operation the semi~conductor 2f of Flgures;

1 and 2. shows metallic conduction properties:
» under the action of the primary-electron-beam..

For: each electron of  the: primary beam: many:.
electrong are raised to the conduction band of
the extrinsic semi-conductor forming the diclec-
tric 21. In the embodiment shown in Figure 2.

- of this appl_leatlen part of these conducting band:

electrons. are emitted from the composite sur-
face by the secondary-electron-emitting layer-22:
and are collected by the metallic film 23. In the
embodiment shown in Figure 6 part of these con-
duction electrons are collected by the contiguous
secondary-electron-emitter- layer 22 and con-
The secondary-elec-:

- tron-emitting layer 22 functions then as a con-~

5

~_ composite ' secondary-electron-emitting surface in

which the base metal. is:constituted by the par-
tially transparent conducting

nection means. ' The secondary-electron-emit-
ting -layer 22 is shown. electncelly lnsulated by
the dielectric 21,

A-further variation- ef the tube: of Flgure g is

film maintained at
the- potential of- electrode- 35- by electrical con-

o
ot
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shown in Figure  10. In this- form the tube is

- conveniently contoured as-shown in Figure 8 but

is provided with a nonmetallic insulating (plastic

or glass) film 33 which on.its-side directed toward

the "electron beam- supports. the- composite sec-
ondary electron: emitting surface. The base

metal- of the three element  composite surface

shown in the figure as-the partially transparent
conducting- ilm Z3-is-connected to the terminal
- 35 which may be maintained at a different fixed
- potential frem- the- eenductmg coating 20, e. g
aquadag (colloidal-graphite).

In order to decrease conductlwty eleng the
layer of the secondary-electron-emitter in the

ductor and as a collector of only internal sec-

5 ondary electrons produced in: the extrinsic seml-' |

conductor by the primary beam. | |
In view of my invention and disclosure varia-

' tions and modification to meet individual whim:

or particular need will doubtless become evident
to others skilled in the art, to obtain all or part
of the benefits of my invention without copying
the structure shown, and I, therefore, claim all
such insofar as they fall WlthlIl the reesonable.,
spirit and scope of my claims. | -

Having - thus described my mventlon what I.'
claim ag new e,nd desire- to secure by LetterSf
Patent is: - |

1. In an electron tube a multlpller element
comprising a metallic bese a secondary-electron-:
emiftting layer and a semi-conductor dielectric:
limited in thickness to C.1 mm. interposed be-
tween the metallic. base and the secondary-elec-
tron-emitting layer and selected from the:class

- consisting of oxides of aluminum:containing im-

65

purity centers, oxides of copper, oxides of: tita-.

nium, oxides of manganese, inorganic crystalline

phosphors, alkali halides and morgenlc v1tre0us--

‘Pphosphors.

2. In- an electron tube a multlpller element-'

comprising a metallic base; a ‘semi-conductor di-

- electric layer: limited in thickness to 0.1 mm; on-

1

the base and selected from the class consisting

of oxides-of aluminum containing impurity cen--
ters, oxides of copper, oxides of titanitim, oxides-

* of manganese, inorganic crystalline phosphors,
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alkali halides and inorganic vitreous phosphors,
and a secondary electron emitting layer from 2
to 20 microns thick on the dielectric and selected
from the class consisting of beryllium, beryllium
oxide, magnesium (oxididzed), oxides of mag-
nesium base alloys, aluminum, aluminum base
alloys of silicon, aluminum base alloys of mag-
nesium, aluminum base alloys of copper, alumi-
‘pnum base alloys of beryllium, in which last alloy
the content of beryllium is between 25% and 40%
and in which aluminum base alloy of beryllium
the combined content of magnesium, molyb-
denum, and zirconium does not exceed two per-
cent, oxides of aluminum base alloys having as
a preconstituent beryllium, aluminum base al-
loys of beryllium having as a preconstituent mag-
nesium, in which last alloy the surface is oxidized.

3. In an electron tube, a multiplier element
comprising a metallic base, on the base a semi-
conductor dielectric layer limited in thickness to
0.1 mm. whose conductivity is artificially in-
creased under hombardment by the primary elec-
tron beam, and selected from the class consist-
- ing of oxides of aluminum containing impurity
centers, oxides of copper, oxides of titanium,
oxides of manganese, inorganic crystalline phos-

phors, alkali halides and inorganic vitreous phos-

phors, and a non-photoelectric secondary-elec-
fron-emitting layer on the dielectric, the positive
charge in the secondary-electron-emitting layer
being neutralized at a rate predetermined by the
primary beam.

4. In an electr-on tube, a multiplier element
comprising a metallic base, on the base a semi-
conductor dielectric layer whose conductivity is
artificially increased under hombardment by the
primary electron beam selected from the class
consisting of oxides of aluminum containing im-
purity centers, oxides of copper, oxides of tita-
nium, oxides of manganese, inorganic crystalline
‘phosphors, alkali halides and inorganic vitreous
phosphors and limited in thickness to 0.1 mm.,
and on the dielectricc a secondary-electron-
emitting layer from 2 to 20 microns thick se-
lected from the class consisting of beryllium,
peryllium oxide, magnesium (oxidized), oxides
of magnesium base alloys, aluminum, aluminum
‘base alloys of copper, aluminum base alloys of
- beryllium, in which last alloy the content of
beryllium is between 25% and 40% and in which
‘aluminum base alloy of beryllium the combined
content of magnesium, molybdenum, and zir-
conium does not exceed two percent, oxides of
aluminum base alloys having as a preconstituent
beryllium, aluminum base alloys of beryllium

having as a preconstituent magnesium, in which

last alloy the surface is oxidized.

9. A cathode ray beam tube including a face
plate and in close proximity to the face plate a
layer, a metallic base on the layer, over the base
a semi-conductor dielectric layer limited in
thickness to 0.1 mm. and selected from the class

consisting of the oxides of aluminum containing

impurity centers, oxides of copper, oxides of ti-
fanium, oxides of manganese, inorganic crystal-
line phosphors, alkali halides, and inorganic
- vitreous phosphors, and over the dielectric a
secondary-electron-emitting layer selected from
‘the class con515t1ng of beryllium, bervllium
‘oxide, magnesium (oxidized), oxides of mag-
- nesium base alloys, aluminum, aluminum oxide,
aluminum base alloys of silicon, aluminum basn
alloys of magnesium, aluminum base alloys of
copper, aluminum base alloys of beryllium, in

10
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which last alloy the content of beryllium is be- 75
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tween 20% and 409 and in which aluminum base
alloy of beryllium the combined content of mag-
nesium, molybdenum, and 2zirconium does not
exceed two percent, oxides of aluminum base
alloys having as a preconstituent beryllium,
aluminum base alloys of beryllium having as a
preconstituent masgnesium, in which last alloy
the surface is oxidized, and electrode mea,ns
connected to the metallic base.

6. A cathode ray beam tube having a reticu-
lated surface adapted to permit passage of pri-
mary and secondary electrons through it, a layer
of dielectric upon the reticulated surface selected

from the class consisting of oxides of aluminum

containing impurity centers, oxides of copper,
oxldes of titanium, oxides of magnesium, inor-
ganic crystalline phosphors, alkali halides and
inorganic vitreous phosphors, and a secondary-
electron-emitter upon the dielectric.

7. A cathode ray beam tube having a grid, 2
thin partially transparent continuous layer of
metal extending over the grid, and constituting
the metallic base of a composite secondary-
electron-emitting surface supported thereon, a
dielectric deposited upon the layer of metal, and
a secondary-electlon emlttmg layer upon the
dielectric.

8. In a vacuum tube a, metallic grid, a thin
partially transparent layer of metal supported
on and in electrical contact with the grid form-
ing the metallic base of a composite secondary-
electron-emitting surface, a dielectric deposited
upon the layer of metal and a secondary-elec-
tron-emitting layer upon the dielectric.

0. A vacuum tube having a plastic layer, a
layer of metal constituting the metallic base of
a, composite secondary—electron-emlttmg surface
supported by the plastlc layer, a dielectric de-
posited upon the layer of metal, and a second-
dary- electron-em1tt1ng layer upon the dielec-
tric.

10. A cathode ray beam tube having a face
plate, means for generating an electron beam, g
partially transparent non-metallic insulating
layer extending across the tube between the
means for generating the beam and the face
plate and a secondary-electron-emitting com-
posite surface on the partially transparent layer
comprising a metallic base, a semi-conductor
dielectric layer on the metallic base selected
from the class consisting of oxides of aluminum
containing impurity centers, oxides of copper,
oxides of titanium, oxides of manganese, inor-

‘ganic crystalline phosphors, alkali halides and

inorganic vitreous phosphors, the secondary-
electron-om1tt1ng layer being located on the
sides facing the means for generatmg the elec-
tron beam. -

11. A cathode ray beam tube having a face
plate, means for generating an electron beam, a
transparent plastic layer extending across the
tube between the means for generating the beam
and the face plate and a secondary-electron-
emitting composite surface on the transparent
layer comprising a metallic base, a semi-conduc~
tor dielectric layer on the metallic base selected
from the class consisting of oxides of aluminum
containing impurity centers, oxides of copper,
oxides of titanium, oxides of manganese, inor-
ganic crystalline phosphors, alkali halides and
inorganic vitreous phosphors, the secondary-
electron-emitting layer being located on the
sides facing the means for generating the elec-
tron beam. |

12. A cathode ray beam tube having a face
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plate, means for generating an electron beam; a
transparent glass layer extending. across the
tube between the-means for generating the beam
and the face plate and. a secondary-electron-
emitting composite suriace on the transparent
glass layer comprising a metallic base, a. semi-

conductor dielectric layer on the metallic base -
selected from the class consisting oi oxides of -

aluminum containing impurity centers, oxides

of copper, oxides of titanium, oxides of man-
inorganic crystalline phosphors, alkali

ganese,
halides and - inorganic vitreous phosphors;  the
secondary-electron-emitting layer being located
- on the sides facing the means for generating the
electron beam. | | |
13. A cathode ray bheam tube having a face
plate, means for generating an electron beam, a
partially transparent non-metallic
layer extending across the tube between the
means for generating the beam and the face
plate, a secondary-electron- emitting composite
surface on the partially transparem layer in-

insulating:

10

cluding a partially transparent metal layer as a

metal base, a semi-conductor dielectric layer on

the metallic base selected: from the clags con-

sisting of oxides of aluminum contmmnﬂ' 1m-

purity centers, oxides of copper, oxides of tita-
nium, oxides of manganese, inorganic crystal-
line phosphors, alkali halides and inorganic
vitreous phosphors, the secondary-electron-
emitting composite surface being located on the
sides facing the means for generating the elec-

tron beam and a terminal connected 1o such

partially transparent metal layer. |
14. A cathode ray bheam tube having a face
plate, means for generating an electron beam, &

a0

conducting coating at anode potential on the

interior of the tube around the beam, a com-
posite secondary-electron-emitting surface in-
cluding as a metal base a partially transparent
conducting film on the interior of the face plate
and an insulator barrier extending inwardly be-
tween the conducting coating at anode poten-
tial and the partially transparent conducting
film.

for generating an electron beam and a face plate,
g, partially transparent conducting film on the
interior of the face plate, constituting the metal-
lic base of a composite secondary-electron-
emitting surface, a semi-conductor dielectric
deposited upon the film and selected from the
class consisting of oxides of aluminum contain-
ing impurity centers, oxides of copper, oxides of
titanium, oxides of manganese, inorganic crys-
talline phosphors, alkali halides and inorganic
vitreous phosphors, and a secondary-cleciron-
emitting laver upon the dielectric dlrected to-
ward the electron beam.

16. A cathode ray beam tube hav

ing means

15. A cathode ray beam tube having means

40

H()

- line phosphors, alkali halides,

60

for generating an electron beam and a face

plate, a partially transparent conducting film on

the interior of the face plate, constituting the
‘metallic base of a cocmposite secondary-electron-
- emitting surface, a semi-conductor dielectric
deposited upon the film and selected from the

65

class consisting of oxides of aluminum contain- -
ing impurity centers, oxides of copper, oxides of

titanium, oxXides of manganese, inorganic crys-
talline phosphors, alkali halides and inorganic

vitreous phosphors, a secondary-electron-emit-

ting layer upon the dielectric directed toward
the electron beam and a terminal connected to
the partially transparent conducting film.

17. In an electron tube, a multiplier element

tween each base :a.

~aluminum containing impurity |
of copper, oxides of titanium, oxides of man-

ganese, inorganic crystalline phosphors,

posite secondary-electron-emitting
semi-conductor dielectric
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having g plurality of insulated  metallic: bases
provided with separate terminals, on and be-
semi-conductor dielectric
layer whose conductivity is.artificially increased
under bombardment by the primary electron
beam, limited in thickness to 0.1 mm., and se-
lected from. the: class consisting of oxides of
centers, oxides

ganese, inorganic crystalline phosphors, alkali

halides and inorganic vitreous phosphors and on

the  dielectric a secondary- electmn~em1ttmg

Javer from 2 to 20 microns thick.

18. In an electron tube, a multiplier element
having a plurality -of insulated metallic bases
provided with separate terminals, on and be-~

tween each base a semi-conductor dielectric

layer whose conductivity is artificially increased
under bombardment by. the primary electron
heam, limited in thickness to 0.1 mm., and se-
lected  from the class consisting of oxides of
aluminum containing impurity centers, oxides
of copper, oxides of tifanium, oxides of man-
alkali
halides and inorganic vitreous phosphors on the
dielectric a secondary-electron-emitting Ilayer
from 2 to 20 microns thick, and alternating cur-
rent sources at different phase displacements
connected to the terminals.

19. A cathode ray beam tube having means
for generating an electron bheam and a face
plate, a partially transparent conducting film on
the interior of the face plate, constituting the
metallic base of g composite secondary-electron-
emitting surface, a seini-conductor dielectric de-
posited upon the film and selected from the
class consisting of oxides of aluminum contain-
ing impurity centers, oxides of copper, oxides of
titanium, oxides of manganese, inorganic crys-
talline phosphors, alkali halides and inorganic
vitreous phosphors, a secondary-electron~-emit-
ting layer upon the dielectric directed toward
the electron beam, and separate terminals con-
nected to the partially transparent conducting
film and to the secondary-electron-emitting
layer.

20. A cathode ray beam tube havmg means

for generating an electron beam and a face

plate, a partially transparent conducting film on
the interior of the face plate, constituting the
metallic base of a composite secondary-electron-
emitting surface, a semi-conductor dielectric de-
posited on the fillm and selected from the class
consisting of oxides of aluminum containing
impurity centers, oxides of copper, oxides of ti-
tanium, oxides of magnesium, inorganic crystal-
and incrganic
vitreous phosphors, a secondary-electron-emit-
ting layver upon the dielectric directed toward

‘the electron beam, and a conducting coating at

anode potential on the interior of the t{ube
around the beam. |
21. An electron tube having a source of elec-

'trons an electrically conducting metallic elec-

trode constituting the metallic base of a com-
surface, a

electrode, and selected from the class consisting
of oxides-of alummum containing impurity cen-
ters, oxides of copper, oxides of titanium, oxides
of manganese, inorganic ecrystalline phosphors,
alkali halides and inorganic vitreous phosphors,

‘and a secondary-electron-emitting layer upon

the dielectric dlrected toward the source of elec-
trons

deposited upon the
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22. An electron tube having a source of elec-
trons, an electrically conducting metallic elec-
trode constituting the metallic base of a com-
posite secondary-electron-emitting surface, a
semi-conductor dielectric deposited upon the
electrode, and selected from the class consisting
of oxides of aluminum containing impurity cen-

ters, oxides of copper, oxides of titanium, oxides

of manganese, inorganic crystalline phosphors,
alkali halides and inorganic vitreous phosphors,
and a mosaic of secondary-electron-emitting
material upon the dielectric directed toward the
source of electrons. -

23. A cathode ray tube having means for gen-
erating an electron beam and a face plate, a plu-
rality of insulated metallic bases of partially
~transparent conducting film on the interior of
the face plate constituting the metallic bases of
a composite secondary-electron-emitting sur-
face, a semi-conductor dielectric deposited on
each base and selected from the class consisting
of oxides of aluminum containing impurity cen-
ters, oxides of copper, oxides of titanium, oxides
of magnesium, inorganic crystalline phosphors,

10
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alkali halides,; and inorganic vitreous phosphors, 25

a secondary-electron-emitting layer on each di-
electric directed toward the electron beam, and

2,527,081
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separate terminals connected to the partially
transparent metallic bases.

24. In an electron tube, a multiplier element
having a plurality of separate insulated metallic
bases provided with separate terminals, on each
base a semi-conductor dielectric layer of the

- class consisting of oxides of aluminum contain-

ing impurity centers, oxides of copper, oxides of
titanium, oxides of magnesium, inorganic oxides
of magnesium, inorganic crystalline phosphors,
alkalli halides and inorganic vitreous phosphors,
and a secondary-electron-emitting layer on each
dielectric.

JENNY BRAMLEY.
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