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PROVISIONAL SPECIFICATION

Improvements in and relating to Modulating Means for Cathode
Ray Tubes

We, Freperick Hermss NICOLL, 2
British Subject, of 24, Basildene Road,
Hounslow  West, =~ Middlesex, and
Brrcrric &  Musican  INDUSTRIES
Livrtep, a British Company, of Blyth
Road, Hayes, Middlesex, do hereiby
declare the nature of this invention to e
as follows:—

The present invention relates to modu-
lating means for cathiode ray tubes.

A tform of cathode ray tube has been
proposed in which the electrons from a
cathode within a highly evacuated enve-
lope are first accelerated towards an
accelerator electrode, then decelerated
towards a modulator electrode and again
accelerated by two or more anodes, the
anodes also serving, as an electron lens,
to focus the electron beam upon a fluor-
escent screen. The potentials applied to
the electrodes may be such that the elee-
trons are brought substantially to rest in
a virtual cathode in the neighbourhood of
the modulator electrode. The brightness
of the spot formed by the cathode ray upon
the screen. is varied by applying a vary-
ing negative potential to the modulator
relatively to the cathode. The cathode
structure may comprise an indirectly
heated cathode located behind an aper-
tured diaphragm arranged intheend of a
metal tube and constituting with the tube
what is known as a cathode shield. The
tube projects backwards around the
cathode. The other electrodes are com-
monly in the form of metal tubes having
apertured diaphragms and it is usual to
make the thickness of the material of the
diaphragms not more than one tenth of
the diameter of the apertures therein.

Tt is an object of the present invention
to provide a cathode ray tube of the kind
above described in which the sensitivity
of control of the ray intensity over the
useful working range is higher than with
known tubes. This sensitivity 1is
measured by the negative voltage which
has to be applied to the modulator to
extinguish the ray, the sensitivity being
of course greatest when this voltage is
least. ’

According to the present invention a

cathode ray tube is provided with a modu-
lator electrode in the form of an aper-
tured diaphragm, the thickness of the
material surrounding the aperture sub-
stantially exceeding one tenth of the
diameter_of the aperture.

Further according to the present inven-
tion, a cathode ray tube is provided withS60
a modulator electrode comprising a
plurality of apertured diaphragms located
one behind the other in the electron path.
The diaphragms may be of thin material
and may be electrically connected 65
together, '

In carrying the invention into effect I
may proceed as follows:—

A cathode ray tube is constructed in the
manner already described, the accelerator,
modulator and first anode being in the
form of metal tubes all of the same size
as the cathode shield. The accelerator
tube- is sbort and has an apertured
diaphragm at the end remote from the
cathode. The modulawor tube is longer
than the accelerator and has an apertured
diaphragm intermediate the ends of the
tube and on the cathode side of the centre
of the tube. The first anode is of much
greater length than the modulator and has
an apertured diar*+agm in the end nearer
the cathode an. a second apertured
diaphragm about two thirds of the way
along from this end. The second anode is
in th~ form of a tube of considerably
larger liameter than the other electrodes,
the adjacent edges of the two anodes be-
ing located substantially in a plane. All
the tubes are arranged co-axially.

‘When a cathode ray tube is constructed
ag above described with the diaphragm of
the modulator of thickness not exceeding
one tenth of the diameter of the aperture
therein, a satisfactory focus of the ray 95
can be obtained upon 2 screen within the
envelope when suitable potentials are
applied to the various electrodes. ~Thus
the cathode screen may be maintained at
cathode potential, which will be regarded 100
as zero, the accelerator at a small positive
potential, the modulator at a varying
negative potential, the first anode at a
fairly high positive potential and
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the second anode at a still higher
positive potential. The sensitivity of
such a tube is however not as  high
as may often be desirable, and
hitherto it has not been found possible to
increase the sensitivity without impair-
ing the focus of the spot upon the screen.
According to the present invention, the
effective thickness of the material around
the aperture in the modulator is increased
substantially and in this way the sensi-
tivity can be increased without noticeably
affecting the sensitivity or the shape of
the modulation characteristic.

For example in one case with a modu-
lator of known construction in the form of
a diaphragm of thin material having an
aperture 1.9 mm. in diameter the nega-
tive voltage required to extinguish the
ray is 20 volts whereas when there is con-
nected to this diaphragm a second
diaphragm of thin material having an
aperture of 2.5 mm. in diameter, arranged
at a distance of 1.0 mm. from. the first
modulator diaphragm on the side thereof
nearer the cathode, the voltage required
to extinguish the ray is reduced to 12.
The thickness of the material in which
the aperture is formed is in this way
effectively increased to 1 mm. although
the actual material of the diaphragms
may be thin,

With the particular arrangement of
diaphragms described, the shape of the
modulator characteristic is not appreci-
ably changed from that with the single

diaphragm although its steepness is -

increased. The focusing is also substan-
tially unaffected. By modifying the
sizes of the apertures and their separation;
however, certain changes in the shape of
the characteristic can be effected. -

The apertures in the diaphragms may
if desired be made of equal diameter or
the larger diameter aperture in the
arrangement first described may be
arranged, for some purposes, further
from the cathode than the aperture of
smaller diameter,

A similar effect to that above deseribed
can be obtained with a single diaphragm
of thin material having a lip around the
aperture. The lipped portion may be of
eylindrical shape, giving an effect nearly
equivalent to that of two apertures of
equal diameter, or it may be of conical
or other flared shape giving the effect of
apertures of different diameter. The
behaviour of lipped apertures resembles
closely that of apertures in equivalently

spaced diaphragms provided that the
distance between such diaphragms (and
therefore the axial length of the lipped
portion in the diaphragm with a lipped
aperture) is not unduly great. The dis-
tance between the diaphragms is usually
less than the diameter of either of the
apertures.  The lips may project either
towards or away from the cathode and
they may flare in either direction.

A further arrangement, which is nearly
equivalent to that wusing multiple
diaphragms, involves the use of relatively
thick material for the diaphragm. Thus
a single diaphragm 1.0 mm. thick having
an aperture tapering from 1.9 mm. at one
face to 2.6 mm. at the other face is
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approximately equivalent in its behaviour -

to the two thin diaphragms described in
the first specific example. The aperture
may also be made of other shapes.

Three or more diaphragms may be used
and the apertures therein may be equal to
or different from one another according
to circumstances. In one example three
diaphragms are used and the aperture in
the centre diaphragm is made smaller
than that in the two outer diaphragms.
The equivalent aperture can also be made
in a single diaphragm of thicker material
the @perture having three portions of
cylindrical shape (of different diameters
corresponding to the apertures in the
three separate diaphragms) united by
flaring  portions. = Alfernatively the
boundaries of the aperture in the thicker
material may be of curved shape, for
example the cross-section of the boun-
daries in planes containing the axis may
be part-circular.

When the modulator diaphragm has
the form just described or the approxi-
mately equivalent form which can be
made with three diaphragms having the
apertures in the outer diaphragms larger
than that in the centre diaphragm, the
size of the aperture at the centre is pre-
ferably selected as small as possible con-
sistent with the current in the tube at
zero  modulator voltage not being
decreased by the return of electrons from

the modulator and the diameters of the-

aperture at the faces of the diaphragm
are arranged to give maximum sensitivity
and current through the tube.

Dated this 19th day of November, 1934,
REDDIE & GROSE,
Agents for the Applicants,
6, Bream’s Buildings, London, E.C.4.
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COMPLETE SPECIFICATION

Improvements in and relating to Modulating Means for Cathode
Ray Tubes

We, Freperick HEerumEs Nicorn, a
British Subject, of 24, Basildene Road,
Hounslow  West, Middlesex, and
Erecrric & Mustcar  INDUsTRIES

5 LowiTep, a British Company, of Blyth
Road, Hayes, Middlesex, do hereby
declare the nature of this invention ard
in what manner the same is to be per-
formed, to be particularly described and

10 ascertained in and by the following state-
ment: — :

The present invention is an improve-
ment in or modification of the invention
forming the subject of Patent Applica-

15 tions Nos. 27199/33 and 2096034 (Serial
No. 431,327) (cognate), the complete
specification of which describes and
claims an electric circuit comprising a
cathode ray tube of the hard type having

90 arranged within its envelope, in the order
mentioned, a cathode, a first accelerator,
a  decelerator having an apertured
diaphragm and which also acts as a modu-
lator, and a second accelerator, the

25 accelerators and decelerator being so dis-
posed that the ray can pass through them
to a screen associated with the tube, and
the tube having means whereby the ray
can be deflected over the screen, and elec-

80 trostatic or electromagnetic means for
focusing the ray in a small spot upon the
sereen, characterised by means for apply-
ing to the accelerators potentials positive
with respect to the cathode potential,

85 and to the decelerator a potential equal,
or nearly equal, to the cathode potential,
the shape and disposition of the electrodes
and the potentials applied thereto being
such that, in operation, increases of

40 potential of the decelerator, in the nega-

tive sense with respect to the cathode
potential. produce iucreases of current
flowing to the first accelerator. The said
specification also describes and claims a
45 cathode ray tube of the hard type having
an indirectly heated cathode and an
anode, and having, between the cathode
and anode, at least four auxiliary elec-
trodes including two accelerators and a
50 decelerator which also is a modulator, one
of said accelerators being arranged upon
either side of said decelerator, the
arrangement being such that when the
accelerators are maintained at suitable
55 positive potentials relative to the cathode
and when the decelerator is at a potential
in the neighbourhood of cathode potential,

increases of potential of the decelerator

in a negative sense with respect to the
cathode potential produce increases of 60
current flowing to the accelerator located
upon the cathode side of the decelerator.

~ In the operation of the cathode ray
tubes hereinabove referred to the electrons
from the cathode are accelerated towards 69
the first accelerator electrode, then de-
celerated towards the modulator electrode
and again accelerated by the second
accelerator, which may be one of two
anodes serving, as an electron lens, to 70
focus the electron beam wupon a fluor-
escent screen. The potentials applied to

the electrodes are such'that the electrons

are slowed up to a velocity not differing
greatly from zero in a deceleration region 75
in the neighbourhood of the modulator
electrode.  The brightness of the spot
formed by the cathode ray upon the screen

is varied by applying a varying negative
potential to the modulator relatively to 80
the cathode. The cathode structure may
comprise an indirectly heated cathode
located behind an apertured diaphragm
arranged in the end of a metal tube and
constituting with the tube what is known 85
as a cathode shield. The tube projects
backwards around the cathode. The
other electrodes are preferably in

the form of metal tubes, all except

the second anode, having apertured 90
diaphragms, and it is usual to make
the thickness of the material of these
diaphragms not more than one tenth of
the diameter of the apertures therein.

It is an object of the present invention 95
to provide a cathode ray tube of the kind
above described in which the sensitivity
of control of the ray intensity over the
useful working range is higher than with
known tubes. This sensitivity is 100
measured by the negative voltage which
has to be applied to the modulator to
extinguish the ray, the sensitivity being
of course greatest when this voltage is
least, providing that the current at zero 105
modulator voltage is unaltered.

According to the present invention the
modulator electrode of the cathode Tay
tube is provided with or is in the form of
an apertured diaphragm, the thickness of 110
the material surrounding the aperture
substantially exceeding one-tenth of the
diameter of the aperture.

Further according to the present inven-
tion, the modulator electrode of the 115
cathode ray tube comprises a plurality of
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apertured diaphragms located one behind
another along the electron path. These
diaphragms are, of course, all disposed
between the first and second accelerators
and they may be of thin material.

There is less penetration of the anode
field through the thick, or multiple,

medulator diaphragm, than through a thin
diaphragm ; hence the negative voltage

which has to be applied to the modulator
to extinguish the ray is less than with a
thin modulator diaphragm., However,
with many kinds of cathode ray tubes the
inclusion of a thick modulator diaphragm
would effect little or no increase in sensi-
tivity because it would cause the inten-
sity of the ray at zero modulator volts to
fall also. Where, however, a positive
electrode is provided between the cathode
and a modulator maintained at or near
cathode potential, -and the modulator is
constructed in accordance with the pre-
sent invention, the intensity of the ray at
zero modulator potential is hot greatly
influenced by the effective length of the
aperture in the diaphragm, and the sen-
sitivity of the tube is therefore increased.

The invention will be further deseribed
with reference to the accompanying
diagrammatic drawings, in which

Fig. 1 shows part of the elecirode
arrangement of one of the cathode ray
tybes described in the patent specification
above referred to, and ,

Figs. 2 to 8 are sections of alternative
forms of modulating and decelerating
electrode arranged in accordance with the
present invention.

In Fig. 1, a cathode 1 is housed in a
cathode shield electrode 2 adapted to be
maintained at or near cathode potential.
A first accelerator 3, a modulator and de-
celerator 4, and a second accelerator or
first anode 5 are in the form of metal
tubes all of the same diameter as the
cathode shield 2. The first accelerator
tube 3 is short and has an apertured dia-
phragm 7 at the end remote from the
cathode. The modulator tube 4 is longer
than the accelerator and has an aperfured
diaphragm 8 intermediate the ends of the
tube and on the cathode side of the
middle of the tube. The first anode 5 is
much longer than the modulator 4 and
has an apertured diaphragm 9 in the end
nearer the cathode and a second apertured
diaphragm 10 about two thi¥ds of the way
along from this end. The second anode
is in the form of a tube 6 of considerably
larger diameter than the other electrodes,
the adjacent edges of the two anodes
being located substantially in a plane.
All the tubes are arranged co-axially.

‘When a cathode ray tube is constructed
as shown in Fig. 1 with the diaphragm of

B P S i e

the modulator of thickness not exceeding
one-tenth of the diameter of the aperture
therein, a satisfactory focus of the ray can
be obtained wupon a screen within the
envelope when suitable potentials are
applied to the various electrodes. Thus
the cathode shield 2 may be maintained
at cathode potential, which will be re-
garded as zero, the first accelerator 3 ut
a small positive potential, the modulater
4 at, a varying negative potertial, the first
anode 5 at a fairly high positive potential
and the second ancde 6 at a still higher
positive potential. The sensitivity of
such a tube is however not as high as may
often be desirable, and hitherto it has not
been found possible to increase the sensi-
tivity without impairing the focus of the
spot upon the sereen. According to the
present invention, the effective thickness
of the material around the aperture in the
modulator is inereased substantially and
in this way the semsitivity can be in-
creased without noticeably affecting the
shape of the modulation characteristic:

For example in one case where the
modulator 4 shown in Fig, 1 comprises a
Uiaphragm 8 of thin material having an
aperture 1.9 mm. in diameter, the nega-
tive voltage required to extinguish the
ray is 20 volts, whereas when, as shown
in Fig. 2, there is connected to this
diaphragm a second diaphragm 8' of thin
material having an aperture 2.5 mm. in
diameter, arranged at a distance of 1.0
mm. from the diaphragm 8 on the side
thereof nearer the cathode, the voltage re-
quired to extinguish the ray is reduced to
12.  The thickness of the material in
which the aperture is formed is in this
way effectively increased to 1 mm.
although the actual material of the dia-
phragms may be thin.

With the particular arrangement of
diaphragms described, the shape of the
modulator characteristic is not appreci-
ably changed from that with the single
diaphragm although its steepness is in-
creased. The focusing is also substan-
tially unaffected. By modifying the sizes
of the apertures and their separation,
however, certain changes in the shape of
the characteristic can be effected.

The apertures in the diaphragms may
if desired be made of equal diameter, or
the larger diameter aperture in the
arrangement first described may be
arranged. for some purposes, further from
the cathode than the aperture of smaller
diameter, '

A similar effect to that above described
can be obtained with a single diaphragm
of thin material by increasing the thick-
ness of the material ~of the diaphragm
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Thus the diaphragm may be provided
with a flange or lip around the aperture.
The lipped portion may be of cylindrical
shape, as shown at 8a in Fig. 8, giving

5 an effect nearly equivalent to that of two
apertures of equal diameter, or it may be
conical, as shown at Sb in Fig. 4, or of
other flared shape, giving the effect of
apertures of different diameter. The be-

10 haviour of lipped apertures resembles
closely that of apertures in equivalently
spaced diaphragms provided that the dis-
tance between such diaphragms (and
therefore the axial length of the lipped

15 portion in the diaphragm with @ lipped
aperture) is not unduly great. The dis-
tance between the diaphragms is usually
less than the diameter of either of the
apertures. The lips may project either
towards or away from the cathode and
they may flare in either direction.

A further arrangement, which is
nearly equivalent to that using multiple
diaphragms, involves the use of relatively

oy thick material for the diaphragm (Fig.
5). Thus a single diaphragm 1.0 mm.
thick having an aperture tapering from
1.9 mm. at one face to 2.5 mm. at the
other face, as shown in Fig. 6, is approxi-
g0 mately equivalent in its behaviour to the
‘two thin diaphragms shown in Fig. 2.
The aperture may also be made of other
shapes.

Three or more diaphragms may be used

35 and the apertures therein may be equal to
"~ or different from one another according
i to circumstances. In the example shown
' in Fig. 7, three diaphragms are used and
. the aperture in the middle diaphragm 8

40 is made smaller than those in the two

outer diaphragms 8¢ and 8d. The equiva-
lent aperture can also be made in a single
diaphragm of thicker material, the aper-
ture having three portions of cylindrical
45 shape (of different diameters correspond-
ing to the apertures in the three separate
diaphragms) united by flaring portions.
Alternatively the boundaries of the aper-
ture in the thicker material may be

50 curved as shown in Fig. 8, for example

the cross section of the boundaries in
planes containing the axis may be part-
circular.

When the modulator diaphragm has

55 the form shown in Fig. 8 or the approxi-

mately equivalent form which can be
made with three diaphragms having the
apestures in the outer diaphragms larger

. then khat in the middle diaphragm, the
size of the aperture at the middle is pre-

~ ferably selected as small as possible con-
sistent with no decrease in the current in

. the tube at zero modulator voltage due to

the return of electrons from the modale-
tor, and the diameters of the aperiure at
the faces of the diaphragm are arranged
to give maximum sensitivity and current
through the tube.

Having now particularly described and
ascertained the nature of our said inven-
tion, and in what manner the same is to
be performed, we declare that what we
claim is:—

1. The improvement in or modifica-
tion of the electric circuit claimed in
patent specification No. 27199/33—
20960/34 (Serial No. 431,327), which con-
sistg in the fact that the modulating and
decelerating electrode of the cathode ray
tube comprises an apertured diaphragm in
which the thickness of the material sur-
rounding the aperture substantially ex-
ceeds one-tenth of the diameter of the
aperture.

2. Apparatus as claimed in Claim 1,
wherein the diaphragm is provided with
a flange surrounding the aperture,

3. Apparatus as claimed in Claim 1
or 2, wherein the cross section of the
aperture is varied longitudinally of the
axis of the tube,

4. The improvement in or modification
of the electric circuit claimed in patent
specification No. 27199/33--20960/34,
(Serial No. 431,327), which consists in
the fact that the modulating and de-
celerating electrode of the cathode ray
tube comprises a plurality of apertured
diaphragms located one behind another
along the electron path.

5. Apparatus as claimed in Claim 4,
wherein the apertures in at least two of
said diaphragms are of different diame-
ters.

6. Apparatus as claimed in Claim b5,
wherein said electrode is provided with at
least three diaphragms, the apertures in
the outer two of said three diaphragms,
being of larger diameter than the aper-
ture in the inner of said three dia- 110
phragms.

7. The improvements in or modifica~
tion. of the cathode ray tube claimed in
patent specification No. 27199/33—
20960/34 (Serial No. 431,327), which con~ 115
sists in the fact that the tube has the
features set forth in any one of the pre-
ceding claims.

8. The improved cathode ray tubes
having modulator electrodes substantially 120
as herein described or as shown in Figs. 2
to 8 of the accompanying drawings.

Dated this 1st day of August, 1935.

REDDIE & GROSE,
Agents for the Applicants,
6, Bream’s Buildings, London, E.C.4.
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Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1936.
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[This Drawing is a mpm@cta’an of the Original on a reduced scale.]
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