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In the elder applications Ser. No. 663,593, filed 
March 30, 1933,730,111, filed June 1, 1934, and 
756,126, filed December 5, 1934, Braun tubes for 
television purposes are described and claimed 
which are provided with an electrostatical elec 
tron-optical System producing on the picture re 
ceiving screen a sharp image of an electron emis 
Sive surface (i. e. of cathode or of the opening of 
an intermediate diaphragm acting as a cathode) 
for the purpose of producing sharp image points 
of small size, the shape and size of which remain 
constant upon the modulation of the ray inten 
sity. 

The present invention relates to Braun tubes 
of the same type and has for its object to pro 
Wide a Braun tube which allows of producing very 
bright image points or image points of very small 
size, for example of image points having a great 
est extension of, say, 0.1 mm. 
Further objects of the invention will be seen 

from the following description. 
The invention will be more fully understood 

with reference to the appended drawings where 
Of 

Fig.1 shows diagrammatically one embodiment 
of a Braun tube according to the invention, while 

Fig.2 shows a curve illustrating the depend 
ency of the diameter of the image point of the 
intensity of the ray. 

It must be pointed out that the numerical 
statements included in the Specification are also 
quoted by way of example, and that the invention 
is in no way limited to a tube of these dimensions, 
as well it must be understood said changes in the 
tube structure are possible with out a departure 
from the Spirit and scope of the invention. 
In Fig. 1, an emissive surface of approxi 

mately 4 mm. in diameter is arranged at a very 
short distance behind a control grid 2, and the 
whole inserted into a cylinder 3, So that the Con 
trol plate 2 is spaced from the opening of the cyl 
inder 3 for about 3 mm. The cathode ray is 
concentrated upon the aperture 5 of .5 mm. di 
ameter of a diaphragm 5, which has a potential 
of, say, 2000 volts impressed thereon. In front 
of 5 there is arranged a tubular member 6, which 
is for example 40 mm. in length and is closed by 
a wide diaphragm 7 of 7 mm. diameter, furnished 
with an extension 8, and Situated opposite to a 
main anode 9 having a diaphragm aperture 

: amounting to 7 mm. The anode 9 and dia 
phragm 5’ may be raised to the same potential. 
The bias of the tubular member 6 is preferably 
regulated from the outside With the assistance of 
a potentiometer O. Behind the anode 9, which 

(C. 250-27.5) 
is preferably constructed as tubular member 9’ 
having a diameter of aperture of 7 mm. and a 
length of 7 mm., for the purpose of avoiding re 
actional effects, and is provided with at least one 
large surface holding plate, there may be provid 
ed in Sufficiently wide spacing two pairs of de 
flecting plates , f' and 2, 2’, whilst the cath 
Ode rays impinge against the luminous screen at 
A3. At the inner surface of the envelope is a 
Coating 4 of the tube wall adapted to be ground 
ed is provided adjacent the deflecting plates sys 
tem and the part of the electron lens facing the 
deflecting plates System, 

Several applications of the applicant, for ex 
ample the applications Ser. No. 725/35 filed Jan 
uary 7, 1935 and 8660/35, filed February 28, 1935, 
relate to the convenient embodiment of the dia 
phragm 5, the lens 7, 8, 9 and the anode 9, and 
to the relative spacing between anode and plates, 
etc., 

If there is actuated the light-control element 
2 in a high-vacuum tube of this nature, the fol 
lowing phenomenon is observed: The darker the 
image point is adjusted, i. e. the more the in 
tensity of the cathode ray is decreased, the more 
the image point is concentrated. This effect is 
due to the fact that upon the space charge con 
trol of the cathode the emissive surface recedes 
more and more from the edge towards the centre 
in the same degree as the potential surface S-O 
(S being the potential relative to the cathode) 
departs from the cathode surface. The cross 
section of the bundle of rays is accordingly re 
duced to the same extent. If now the opening of 
the diaphragm is so dimensioned that its diam 
eter is equal to the diameter of the cathode ray 
of maximum intensity, the aperture of the dia 
phragm will, therefore, not be wholly filled out 
by the ray when the ray intensity is decreased, 
i. e., the actual thickness of the ray in the plane 
of Said aperture Will be Smaller than the diameter 
of the diaphragm itself. 

In Fig. 2 the conditions are illustrated graph 
ically. As ordinate there is entered the thickness 
of the image point d. On the Screen, and as ab 
Scissa, the emissive current i. The dependency is 
practically linear up to the maximum intensity 
values, which are reached at the point 4. From 
there the diameter of the Spot of light at the 
screen does not additionally increase, as the diam 
eter of the diaphragm is equal to the diameter of 
the cathode ray. The maximum value is calcu 
lated in simple fashion and completely inde 
pendently of the nature of the optical reproduc 
tion as performed in practice, as in the optical 
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2 
art from the distance of object and image, viz, 

In the above db1 is the diameter of the dia 
phragm, b the spacing of the anode 9 from the 
screen 3, and T the length 6 of the tubular mem 
ber 6. 
According to the invention, these Spacings are 

SO Selected that the thickness dmax of the point 
at the luminous screen in the case of maximum 
ray intensity would be greater than permissible 
for good reproduction of the image. For exam 
ple, for an image 200 mm. in height, which is 
Scanned by 200 lines, the maximum permissible 
Size of image point amounts to approximately 
1-1.5 mm., with which size of spot the lines foll 
low exactly one upon the other without inter 
mediate spacing. With a diaphragm of .5 mm. 
the optical Spacing ratio should accordingly be 
Selected as 2:1, i. e., comparatively long tubu 
lar members 6 would require to be selected if it 
Were desired to operate in a high vacuum. Ac 
cording to the invention, however, the enlarge 
ment ratio is chosen much greater, for example 
approximately as 1:10. The brightest image 
point is then in the case of high vacuum 5 mm. 
thick. Merely an image point is permissible as 
shown in Fig. 2 by the ordinate according to the 
line A-B. Now it has been found by experiment 
that by the introduction of very minute traces of 
inert gas or inert Vapours, for example of helium, 
argon or mercury of 10-5-5 10-6 mm. pressure, 
it may be accomplished that above a certain in 
tensity of the emissive current the optical repro 
duction no longer obeys the law governing lenses 
and the spot of light is not additionally increased, 
but remains sharp. The longer the tubular mem 
ber has been made in relation to the distance of 
the lens from the Screen, the later, i. e., upon 
all the greater intensities of current, is the effect 
of the additional gas concentration required, and 
all the longer will be high-vacuum reproduction 
Satisfy the claims on quality of image, i. e., the 
Smaller is the pressure of the residual gas which 
requires to be selected. 
With an under-dimensioning of the length of 

tube in this fashion in accordance with the in 
vention it is possible despite deviation from the 
law of reproduction to produce and maintain 
sharp points, although the free length of ray 
is very large. There is thus obtained the ad 
Vantage of great deflection sensitivity, if the de 
flecting means are arranged in the vicinity of 
the electro-optical system. Since on account of 
the large distance from the Screen at Which 
the deflecting plates , 2 may be disposed mere 
ly small angles of deflection are required for the 
purpose of producing an image of a given size, 
the deflecting potential may be provided in the 
Simple and known manner in single-pole fashion 
between earth and relaxation generator, and re 
Verse phase operation must not necessarily be 
employed. Further, it is possible, since there is 
still a large amount of Space between anode and 
luminous Screen, to dispose the plates to such 
extent apart that they no longer interfere with 
each other, and that, therefore, the known mar 
ginal field errors, such for example as the known 
trapezoidal distortion, are avoided. The latter 
is the case when the spacing between the sets of 
plates is equal to or greater than twice the dis 
tance between the plates. 

Despite these advantages tubes of this nature 
do not possess the known disadvantages of gas 

2,123,160 
filled tubes, or only to slight extent. Owing to 
the abnormally low gas pressures which are re 
quired as compared with gas-filled tubes of the 
known kind, the question of durability is par 
ticularly favourable. Further, the ion cross ap 
pears only in the case of extreme brightness, 
and even then only weakly, so that generally 
speaking the use of systems for pre-deflecting 
the ray is unnecessary. Nevertheless it is nat 
urally possible structurally to combine Systems 
of this nature, such for example as the three 
plate system, which the applicant has described 
in the application Ser. No. 694,915, filed Octo 
ber 23, 1933, as deflecting elements with the ar 
rangement according to the present invention. 
Summarizing, the construction according to 

the invention accordingly represents a combina 
tion of the high-vacuum and the gas-filled type 
of tube, which obeys in the small current in 
tensity values the laws of high-vacuum focus 
sing, and in the high current intensity values 
the laws of gas concentration, having the ad 
vantages of a greater sharpness in the black in 
common with the high-vacuum tube and the ad 
vantage of ready and sensitive and also greater 
free length of ray in common with the gas-filled 
type, but avoiding or possessing only to slight 
extent the disadvantages of the gas tubes, Viz., 
Short durability and ion CrOSS error. 

It is obvious that with equal optical Spacing 
of a high-vacuum tube and a tube of this kind 
according to the invention the aperture of the 
diaphragm and accordingly also the thickness of 
the bundle of rays, the size of the cathode Spot 
and accordingly the energy of the ray may be 
selected, with equal anode potential, to be Sev 
eral times greater as compared With a corre 
sponding high-vacuum tube, as in the case of 
the residual gas tube there is a fundamental pro 
tection against the attainment of an inadmis 
sibly thick image point. There may accordingly 
be adjusted a brighter white with the latter tube 
under conditions and with dimensions which are 
otherwise the same. 
I claim: 
1. In a television cathode ray tube comprising 

means for producing a beam of cathode rayS, 
means for controlling the intensity of the beam 
of cathode rays, and an image Screen, the COin 
bination of an electron lens adapted to focus, 
in the absence of a gas-filling, said beam onto 
said image screen to produce an image point 
on a scale of optical reproduction by which a 
larger size of image point is obtained than is 
desired, with a gas-filling having a pressure of 
5. 10-6-10-5 mm. mercury which is lower than that 
necessary for concentrating the beam of cathode 
ray at every occurring intensity of the beam. 

2. In a television cathode ray tube comprising 
means for producing a beam of cathode rays, 
means for controlling the intensity of the beam 
of cathode rays, and an image screen, the Com 
bination of an electron lens adapted to focus, in 
the absence of a gas-filling, Said beam onto Said 
image screen to produce an image point on a 
Scale of optical reproduction by Which a larger 
size of image point is obtained than is desired, 
With a gas-filling of 5' 106-105 mm. mercury 
pressure adapted to concentrate the beam of 
cathode ray only if the intensity of the beam is at 
least equal to that producing on Said image screen 
a medium light intensity. 

3. In a television cathode ray tube comprising 
a diaphragm having an aperture, means for pro 
ducing a beam of cathode rays for lighting said 
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2,123,160 
aperture, means for controlling the intensity of 
the beam of cathode rays, and an image Screen, 
the combination of an electron lens adapted to 
electron-optically reproduce, in the absence of a 
gas-filling, said aperture onto Said image Screen 
On a scale of optical reproduction by which a 
larger Size of image point is obtained than is de 
sired, with a gas-filling having a pressure of 
5' 10-6-10-5 mm. mercury which is lower than 
that necessary for concentrating the beam of 
cathode rays at every occurring intensity of the 
beam. 

4. A cathode ray tube comprising the combina 
tion as claimed in claim 1, and wherein at least 
one deflecting plates System is provided for caus 
ing the beam of cathode rays to Scan an area. On 
the image screen, said deflecting plates System 
being adapted to be operated with the maximum 
permissible deflecting sensitivity and mounted at 
a distance from said screen to give the desired 
scanned area, thereon, 

5. A Braun tube comprising the combination 
as claimed in claim i, and wherein at least one 
deflecting plates system is provided for causing 
the beam of cathode rays to Scan an area on the 
image screen, said deflecting plates System being 
mounted in axial consecution to the electron 
lens, and wherein a coating of the tube Wall 
adapted to be grounded is provided adjacent the 
deflecting plates system and the part of the elec 
tron lens facing the deflecting plates System. 

6. A Braun tube for television purposes com 
prising an evacuated envelope enclosing means 
including a cathode for producing a cathode ray, 
a concentrating and control electrode mounted 
in front of said cathode for concentrating Said 
cathode ray and controlling the space charge 
near said cathode, so that the intensity of said 
cathode ray is controlled, a diaphragm having an 

3 
opening mounted in front of Said concentrating 
and control electrode, the diameter of Said open 
ing being equal to the diameter of said cathode 
ray in the plane of said opening when having 
itS maximum intensity, an electron-Optical Sys 
ten mounted in front of Said diaphragm, said 
electron-optical System comprising a metallic 
cylinder having an apertured plate inserted 
therein at a distance of about one half of the 
diameter of said cylinder from the end of Said 
cylinder remote from the cathode and a plate 
shaped member having an aperture and opposed 
to Said cylinder at the side thereof remote from 
Said cathode, a picture receiving screen and de 
flecting means mounted between said electron 
Optical System and said screen. 

7. A Braun tube for television purposes com 
prising an evacuated envelope enclosing means 
including a cathode for producing a cathode ray, 
a Concentrating and control electrode mounted 
in front of Said cathode for concentrating said 
cathode ray and controlling the space charge 
near Said cathode, so that the intensity of said 
Cathode ray is controlled, a diaphragm having 
an opening mounted in front of said concentrat 
ing and control electrode, the diameter of Said 
Opening being equal to the diameter of Said cath 
ode ray in the plane of said opening when having 
its maximum intensity, an electron-optical sys 
tem mounted in front of Said diaphragm, said 
electron-optical System comprising a metallic cyl 
inder having an apertured plate inserted there 
in at a distance of about one half of the diameter 
of said cylinder from the end of said cylinder 
remote from the cathode and a cylindrical ele 
ment connected to and Supported by at least one 
large-surface plate mounted near the edge of 
said cylinder remote from Said Cathode. 
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