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1. 
This invention relates to television pick-up 

tubes in which the electrons of the beam are 
decelerated substantially to zero electron velocity 
at the target, upon which part of the beam elec 
trons land in proportion to the image charge 
and the remainder return towards the gun and 
land on a multiplier dynode. The invention is 
particularly suitable for television pick-up tubes 
having two-sided targets, one side of which is 
scanned by the beam and the other side bom 
barded by photo-electrons from a photocathode 
to produce the charge image. This type of tube 
is disclosed in my application filed September 16, 
1944, Serial No. 554,494, now U. S. Patent 2,433,- 
941, issued January 6, 1948. The pick-up tube 
disclosed in that application is called an "image 
orthicon' and that name will be applied to the 
tube in this disclosure. 
The image orthicon has customarily been Oper 

ated with a wall coating Supplied with about 100 
volts and with an electromagnetic focusing field 
of about 80 or more gauSS, which causes the 
tube to operate with six or more Orders of focus 
between the first stage of the multiplier and the 
target. To obtain improved resolution it is de 
sirable to operate the pick-up tube with a higher 
wall coating voltage, which would give a lower 
order of focus. Also, in this Same image orthi 
con, it is desirable to use fewer ampere turns 
for the electromagnetic defiection coils, So as 
to reduce the power cost in operating the tube. 
This can be done if the electromagnetic focus 
ing field is reduced in strength, which likewise 
gives a lower order of focus. When these two 
changes were made in the past, it was found the 
lower order of focus caused non-uniform land 
ing of the beam electrons over the target area, 
With complete failure of the beam to land at 
the edges of the picture area, or raster. 

It is an object of this invention to construct 
a tube So that there will be uniform landing Of 
electrons over the whole target area. 
Another object of the invention is to construct 

a television pick-up tube in which the bean 
electrons land on the outer portion of the target 
With the same velocity as on the inner portions. 
Other objects will appear in the following de 

scription, reference being had to the drawings, 
in Which: 

Fig. 1 is a diagram illustrating the magnetic ; 
field of the deflection coil alone of a Cathode ray 
tube. 

Fig. 2 is a diagram illustrating the resultant 
of the deflection field and the focusing field in 
a Cathode ray tube, 

0 

15 

20 

3 ) 

40 

45 

55 

2 
Fig. 3 is a diagram illustrating the phase rela 

tions at the target of the helical motion of the 
electrons in a cathode ray tube. 

Fig. 4 is an illustration of a television pick-up 
tube embodying the invention. 

Fig. 5 is an end view of the tube of Fig. 1. 
Fig. 6 is a modification showing a different 

form of decelerating lens. 
The effect of non-uniform landing of the beam 

On the target is to produce a dark shading signal 
obscuring certain Sections of the picture. This 
Shading, which tends to occur most prominently 
near the edges of the picture and diminishes sub 
stantially to zero at the center, is due to the 
failure of the beam to approach sufficiently close 
to the target to deposit any electrons. The non 
uniform landing of the beam on the target is 
a SSociated with the helical motion of the beam. 
In its travel toward the target, the electron 

usually acquires a small transverse velocity it 
perpendicular to the magnetic focusing field. Its 
path down the tube is then a helix whose radius 
is given by the equation 

where Wit is the transverse velocity component 
vt expressed in Volts and H is the magnetic field 
in gauSSeS. 
The total kinetic energy of the electron at any 

point is determined by the space potential at 
that point. Any helical energy must, therefore, 
be acquired at the expense of the longitudinal 
energy. If the helical energy is retained as the 
electron approaches the target, the electron will 
fail to strike the target by the voltage equivalent 
of the energy of helical motion. The result is 
the partial or complete loss of signal in the 
regions where the beam fails to discharge the 
target. For a uniformly shaded picture with 
tubes of the image orthicon type, the beam must 
land uniformly over the entire target to Within 
a tenth of a Volt. At the same time, the helical 
motion producing non-uniform landing may 
amount to as much as 5 or 10 Volts. 
The helical motion contributing to non-uni 

form landing is of two types: (A) that motion 
introduced independently of deflection, and (B) 
that introduced by or as a result of deflection. 
In type A the chief source of helical motion is 
mechanical misalignment of the gun or multi 
plier with respect to the tube or to the magnetic 
field. Other Sources may be extraneous electric 
or magnetic fields whose effects are not sym 
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metric about the axis of the tube. In type B 
two equally important sources of helical motion 
are the deflection coil and the decelerating lens. 
In either case the effect is a maximum at the 
edges of the picture and negligible in the center. 
The transverse inotion axises in the deflection 

coil due to the curvature in the magnetic field 
at the ends of the coils, as shown in Fig. 2. In 
general, the helical notion is greater for higheir 
voltage on the wall, lower magnetic fields, shortel' 
deflection coils, and greatei' angles of Scan. AS 
shown in Fig. 2, the fringe field of the defection 
coil combines with the focusing field to give 3. 
resultant, field in which the curvature of the bend 
at the exit end of the coil is greater tinail at 
the entrance end, as shown at a, b and c, d re 
spectively, for an electron entering along the 
axis of the tube, although the total angle of 
each bend is the sai.e. i he result of this fact 
is that although both bends contribute to the total 
helical notion produced by the defiection coii, 
the second bend produces the greater effect and 
so has more influence in controlling the phase 
of the resultant helical naotion. 
The helical motion produced by the decelera 

tion lens at the edge of the picture is due to the 
components of the electric field perpendicular 
to the magnetic field. This transverse compo 
nent produces on the electron a force which is 
radial outward throughout most of the decelera 

hich rises frem Zero to a maxi 
ils to zero again within the decelera 
The phase and magnitude of the intina aafi fa 

tion 'egicin. 
helical notion generated by the deceleration lens 
are dependent on the wall coating Voltage, elec 

near the target, the nagarietic 
. . . - - - - - - aeter of the lens ring, that is, its 

tange from the axis of the tube. 
The helical notions of types A and B discussed 

above have different phase relations over the 
target. If the beam possesses helical motion be 
fore defection (type A), the phase after deflec 
tion Will appear as indicated by the arrows at A 
in Fig. 3, assuming that the deflection introduces 
no additional helical notion. The type 3 no 
tion, illustrated at B in Fig. 3, is such that the 

- electron at all parts of the picture moves in the 
same direction (same angle) relative to a line 
connecting the axis of the tube to that point. At 
the right of Fig. 3 the resultant of the two ef 
fects A and B is shown with elimination of iielical 
motion occ:rring in the lower right-hand Corner, 
the arrows indicating the direction of the helical 
motion in the other parts of the picture. The 
recognition of the difference of these two types of 
helical notion is necessary in order to obtain good 
landing at the target. 
Uniform landing of the beam on the target 

requires that the helicai motion of the beam of 
oth types be negligible as the election &p- 

proaches the target. This, however, does noi, re 
quire that the motion be small throughout the 
entire path of the electron from gun to target. 
Fhe fundamental principle for eliminating helical 

d and the di 

motion at the target thus consists of balancing ti 
the sources of helical motion in phase and mag 
nitude so that the resultant effect at the target 
is substantially Zero. A necessary requirement, 
however, is that the sources to be balanced be 
of the same type; that is, in type B the effect of 
the defiection coil may be balanced by effect of 
the deceleration lens and in type A the effect may 
be balanced by means of a special alignment coil. 
In tubes of the image orthicon type, the gun 

is axially centered in the tube, With a multiplier 
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4 
which introduces no transverse electric field on 
the axis. An aligninent coil is necessary only 
for those tubes in which a mechanical misalign 
Inent of the gun or persuader electrode has oc 
curred, or for tubes which are not correctly 
aligned in the focusing field. It has been found 
possible to make an electrical correction for these 
misalignments by introducing over the envelope 
near the gun a weak magnetic field perpendicular 
sto the axial field and extending about an inch 
in length, as disclosed in the application of Albert 
Rose, filed April 11, 1942, Serial No. 438,562, now 
U. S. Patent 2,407,905, issued September 17, 1946. 
This results in a bend or kink in the field lines 
just in front of the gun, which would of itself 
introduce helical motion of type A. By rota 
tional adjustment of the alignment coil and by 
variation of current within the coil, an operat 
ing condition may be found in which the coil 
will cancel the initial misalignment. 
In practice, the adjustment of the alignment 

coil is made while observing the picture to ascer 
tain when the most uniform landing in the cen 
ter of the picture is obtained. When the correct 
compensation has been made with the alignment 
coil, the remaining noin-uniformity of landing 
will appear as a dark-shading at the edges. This 
is due to helical motion of type B introduced by 
the deflection coil or the deceleration lens, or 
both. The dark edges of the picture due to type 
B helical motion are not objectionable when the 
wall coating voltage is low and the magnetic field 
high, giving many orders of focus between the 
gun and the target. Such a node of Operation 
as above indicated, however, is not desirable from 
the standpoint of resolution and power required 
for deflection. Under normal operating condi 
tions with five focal loops between gun and tar 
get (e.g., with a Wall yoltage of 127 Volts and 
magnetic field of 56 gallSs), the helical motion 
introduced by either the deflection coil, or the 
deceleration lens is of the order of 5 Volts at the 
edge of the target. If uniform landing to within 
0.1 volt is to be achieved at the target, it is ap 
parent that means are required to cancel this 
motion before the beam reaches the target. 

It has been found possible to obtain uniform 
landing over the entire picture by balancing the 
effect of the deceleration lens against the deflec 
tion coil in Such a Way that the lens transforms 
the helical motion introduced by the deflection 
back into the longitudinal energy necessary for 
landing. The magnitude of helical motion re 
quired for cancellation is obtained by the design 

5 of the tube and deflection coil for a specified wall 
voltage and magnetic field intensity. The correct 
phase for cancelation is obtained by adjusting 
manually for best landing the distance of the 
deflection coil from the decalleration lens. This 
adjustment may be easily made without disturb 
ing the focus of the picture and, even though the 
magnitudes of the two sources may be slightly 
mismatched, there is always a "best position” of 
the deflection coil. There may, however, be more 
than one position of the deflection coil which 
will give the proper phase at the deceleration lens 
for cancelation. These occur at a distance apart 
equal to N, the distance between the nodes in the 
beam. This is given by 

21.2-VV 
- H 

where W is the wall voltage in volts and H the 
magnetic field in gausses. . 

It has been found that the balance between 

A (cm.) 
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the deceleration lens and the deflection coil is 
unchanged if the wall coating voltage and mag 
netic field are varied together so that 

H 

remains constant. In general, the balance of 
these two sources of helical motion is a function 
of the following factors: 

(1) Structural dimensions of the tube between 
gun and target, with the decelerating ring struc 
ture being most critical; 

(2) Length, diameter and winding arrange 
ment of the deflection coil; 

(3) Uniformity and intensity of the axial mag 
netic field, especially over the target; 

(4) Voltage on the wall coating, decelerating 
ring and persuader; 

(5) Position of deflection coil relative to the 
target. 
The last three factors may be varied while 

observing the picture, but the positioning of the 
deflection coil relative to the target offers the 
most satisfactory final adjustment for attainment 
of good landing. This is due to the fact that this 
adjustment does not change the focus of the pic 
ture, or affect the size of the return pattern to 
any great extent. 
The manner in which the phase balancing is 

best obtained in cathode ray tubes of the type 
disclosed in my said application Will appear from 
the description of the drawing. 

Referring to Fig. 4, the evacuated envelope 
contains a gun 2 at one end thereof With a target 
3 and photocathode 4 at the other end. 
The gun 2 consists of the usual indirectly 

heated cathode 5 (the heater not being ShoWn) 
surrounded by the control electrode or grid 6. 
Around the grid is the anode i, the end 8 of 
which constitutes the first dynode of the multi 
plier. In the drawing, the cathode, grid and first 
anode are partially sectioned to illustrate their 
spaced relation and tubular construction. The 
grid and first anode have the usual minute ori 
fices, as indicated, through which the bean. 9 is 
projected to reach the target with approximately 
zero velocity. Tubular electrode is axially 
placed around the front part of the gun adjacent 
thereto. This is usually referred to as a "per 
suader,' because its function is to direct the Sec 
ondary electrons emitted by the first dynode 8 
into the succeeding multiplier dynode, as will be 
hereinafter referred to. Wall coating it is ap 
plied to the inner wall of envelope in known 
late. 

Outside the envelope is placed the deflecting 
coil unit 2, consisting of a frame 3 having tWO 
electro-magnetic coils with their field axes per 
pendicular to each other and to the longitudinal 
axis of the tube. One of these coils deflects the 
beam in a vertical direction in Fig. 1 and the 
other deflects it at right angles to the plane of 
the drawing. These coils are of Well known con 
struction and hence have not been individually 
shown. It will be understood that the deflection 
coils will have periodically varying Voltages ap 
plied thereto, say by Saw-tooth generators (not 
shown) of suitable frequencies, to produce line 
and frame Scansion. 
Outside of the envelope is the compensating 

coil 4 having a field perpendicular to the axis 
of the tube, as disclosed in Said application of 
Albert Rose. As ShoWn in Figure 4 coil 4 com 
prises two separate coils connected in series and 
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6 
indicated by the cross-hatched and dotted lines. 
These two coils are similar to those used in the 
deflecting unit 2 and are of well known construc 
tion. The current passing through the two coils 
at 4 will provide a magnetic field essentially in 
a plane perpendicular to the axis of the tube . 
By adjusting this coil circumferentially around 
the tube axis, helical motion of type B can be 
eliminated. Also, outside the coils 2 and A is 
placed coil 5, which produces a strong magnetic 
focusing field parallel to the axis of the tube on 
both sides of the target. 
Around the gun is placed a plurality of addi 

tional multiplier dynodes 6, 7, 8 and 9 and 
a collecting electrode 20, which is a screen of 
suitable mesh. This collector electrode is con 
nected to the desired utilization, Such as an am 
plifier tube (not shown). The multiplier dynodes 
are particularly described in my said application 
and it will be sufficient to say respecting the 
dynodes 6, 7 and 8 that each consists of a 
disc of metal having angularity displaced radial 
blades 22, somewhat like an electrical fan, held 
in a Suitable annular frame and having a suf 
ficient axial opening to pass in non-conducting 
relation over the first anode . 
In front of the blades of the dynodes shown are 

Screens 23 Secured to the frames so as to be in 
electrical contact with the associated multiplier 
blades 22, from which they are suitably spaced. 
The multiplier dynodes 6, and 3 are partially 
broken away to show the blades and screens. 
The multiplier dynode i9 is the final multiplier 

stage and consists of a fiat annulus spaced from 
and Surrounding the first anode, similarly to the 
Other dynodes. The multiplier dynodes 8, 6, 

7, 8 and 9 may be made of any metal having 
good electron-emitting properties, or may have 
a coating of active material to produce Suitable 
emission of Secondary electrons upon bombard 
ment by primary electrons. The gun cathode 5 
is connected to ground. By way of example, the 
voltages of the various electrodes are indicated on 
the drawing, the Voltages being in relation to 
ground. 
At the front end of the tube, the photo.cathode 

4 may be a semi-transparent coating of light 
Sensitive emissive material on the inside of the 
end of the envelope . A metal frame 24 Sup 
portS the thin glass target 3, Such as disclosed 
in the application of Albert Rose, filed Septem 
ber 20, 1940, Serial No. 357,543, abandoned in 
favor of continuation application Serial No. 631 
441 filed November 28, 1945, which now is U. S. 
Patent 2,506,741 issued May 9, 1950, collecting 
Screen 25 Spaced from the target, as disclosed in 
the application of Harold B. Law, filed April 19, 
1945, Serial No. 589,241 now U.S. Patent 2,460,093, 
but it may be Spaced and Supported in any other 
desired way. The various electrodes would be 
Supported in the tube envelope in well-known 
Ways, not illustrated. 
Adjacent the target 3 is arranged the decel 

erating ring 26, which is grounded to gun cath 
Ode potential or thereabouts. Between the frame 
24 and the photocathode 4 is electrode 2, which 
is connected to a potential more negative than 
ground, as disclosed in my said application. The 
photoelectrons bombarded by the light image 
from photocathode 4 are accelerated at high elec 
tron velocity to the target 3 along the magnetic 
lines of the focusing coil 5 and bombard second 
aries therefrom, which are collected by screen 25. 
This SetS up a charge image Cin the target 3. 
The parts thus far described are disclosed in 
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my said application and are not, per se, claimed 
herein. 
The means by which the helical motion of 

type B is balanced out is shown in Figs, 4 and 5. 
This consists of a rack 28 attached to the frame 
3 of the deflection coil. Pinion 29 on shaft 3) 
meshes with this rack. Knurled head 3 on shaft 
36 permits manual adjustment of the deflection 
coil, 2 toward and from the decelerating lens 26 
for balancing out the helical motion of type B. 
These parts are mounted on a cylinder 32 fitting 
over the envelope . A flange 33 having an open 
ing for passage of rack 28 is welded to, or is 
otherwise fastened to, the end of this cylinder. 
The compensating coil 4 is rotatably mounted 
*on a second cylinder 3: Welded or otherwise fas 
tened to flange 33 outside rack 28. The cylinder 
32 is cut at 35 partially around its periphery at 
the gun end and bent into ears 35', through which 
bolt 36 is passed, so that the cylinder 32 may be 
rigidly clamped into position on the envelope . 
Fiber gasketS or the like (not shown) may be 
placed under the clamping ring to prevent break 
age of the envelope. Ears 38a, S. Welded to the 
cylinder 32, together With the opening in flange 
33, act as a guide for the movable rack 28. Shaft 
30 is journaled in these ears, which also hold the 
pinion 29 in position on the rack. A bracket 33 
may have One end welded to cylinder 32 and the 
-other end Secured, as by screws 39, to the frame 
of the focusing coil 15. 
In the operation of the tube, the light image of 

the object to be transmitted. is focused on the 
photocathode 4 and this ejectSelectrons from the 
photocathode. The electrons are accelerated un- 3 
der action of relatively positive electrode 27 and 
Screen 25 along the lines of the electro-magnetic 
focusing field and strike glass talget 3. Secondary 
-electrons are bombarded therefton and are col 
lected by Screen 25. Thus, a charge image is Set 
up on the side of the target remote from the guin 
2 representative of the light image. This sets 
up a potential pattern at the other side of the 
target and electrons from beam 9 land thereonin 
sufficient number to discharge the charges on the 
other side adjacent screen 25. This discharge is 
accomplished by passage through the glass target 
Which is sufficiently conductive for tranSVei'Se 
currents, but of Sufficient resistance to prevent 
paSSage of the electronS or Spreading of the po 
tentials transversely over the target, as explained 
in said Rose and Law applicatioias. The beam 9, 
modulated by loss of the electrons, returns toward 
the gun 2 and lands on the first dynode 8. The 
Secondary electrons bombarded therefrom pass 
through the screen 23 under infiuence of the po 
tential thereof, as well as the potential of per 
Suader electrode 9, and bombard from the wanes 
22 secondary electrons in multiplied number, 
which are attracted into the third multiplier 
stage. This is repeated in the remaining stages 
until secondary electrons from the dyinode 3 
of the final stage in greatly increased number are 
"collected by Screen electrode 2 and passed to 
the amplifiers (not showin) and thence to a local 
kineoScope in which the picture can be observed. 
The amplified signals, of course, are then trans 
mitted to a distance for reception as desired. 
As already indicated, the coil is will be manu 

ally rotated until the best picture at the middle 
of the target is obtained in the local kineoscope. 
This eliminates the type. A helical notion. Then, 
knurled head 3 is turned back and forth until 
the picture becomes clear all the way to the 
outer edges by adjustment of the deflection coil 
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8 
2 toward or from the decelerating lens 26. This 
eliminates or greatly reduces the type B helical 
motion. 

It will be apparent that the deflection coil may 
be moved by various mechanisms. Without de 
parting from the scope of the invention. 

In the modification shown in Fig. 6, a deceler 
atting electrode 48 of Screen form operated at or 
slightly above the wall coating voltage is shown 
in place of the decelerating ring 26. This modi 
fication is fully disclosed in U. S. Patent 
2,462,619, issued November 20, 1948, to P. K. 
Weiner. The lens effect of the decelerating 
member is greatly reduced by the uniform field 
produced thereby in front of the target. This 
greatly reduces the helical motion due to the 
decelerating electrode and there is usually in 
sufficient helical motion introduced in this modi 
fication to balance out that of the deflecting coil 
With the same coil design. it he deflecting coil 
can then be constructed to balance the effect of 
the bend at the emerging end of the coil against 
that of the bend at the entering end, as previously 
referred to herein. The small residual helical 
notion introduced by the defection coil can be 
balanced against that of the screen A3, as de 
scribed in connection with Fig. 4. The screen 
should be far enough from the target to be out 
of focus. Its best out-of-focus position is When 
its distance from the target in centimeters equals 

5.3 VScreen voltage 
Magnetic focusing field in gausses 

In this type of decelerating electrode a spurious 
signal may be produced by interference between 
the outgoing beam and the returnbeam, depend 
ing upon the transit time of the electrons be 
tween their first and second passage through the 
Screen. Any Spurious signal may be reduced to 
negligible value by experimental adjustment of 
the distance between Screen 40 and target 3 for 
best performance. Use of extra fine mesh screen 
of from 500 to 1000 mesh per inch makes the 
Splirious Signals of nuch less significance. 
The use of a decelerating screen, as in Fig. 6, 

has the important advantage that the size of 
the Scan of the return beam over the first dynode 
8 is much reduced. This is due to the small lens 
effect of the Screen as compared with that, of a 
decelerating ring. 

Having described my invention, what I claim 
S. 

1. A cathode ray beam tube of the orthicon 
type comprising, an envelope containing a tar 
get, a gun having a cathode, grid and anode for 
projecting a bean of electrons toward said tar 
get, a Wall coating anode and a decelerating 
electrode adjacent said target, means for pro 
du Cing an axial magnetic focusing field be 
tween the first mentioned anode and the target, 
a deflecting unit for producing two magnetic 
fields at right angles to each other and to said 
focusing field, and an adjusting device connected 
to Said unit for moving it axially of the envelope 
towards and from said decelerating electrode to 
balance the helical motion produced by said unit. 

2. An electron discharge device comprising, 
electron gun means for forming and projecting 
an eiectron beam along a path, a target electrode 
positioned transversely to said beam path and 
Spaced therefrom, a decelerating electrode ad 
jacent Said target electrode and between said 
electron gun means and said target, means for 
producing an axial magnetic focusing field be-, 
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tween said electron gun means and said target REFERENCES CITED 
electrode, a deflecting unit for producing between 
said gun means and Said decelerating electrode 
magnetic beam deflecting fields at right angles 

The following references are of record in the 
file of this patent: 

to said focusing field, and an adjusting device is UNITED STATES PATENTS 
connected to said unit for moving said unit Number Naine Date 
axially of Said beam path toward and from Said 2,102,421 Kuehni ----------- Dec. 14, 1937 
decelerating electrode to balance helical motion 2,356,535 Ruska ------------ Aug. 22, 1944 
produced by interaction of Said deflecting and 2,377,972 Schade ----------- June 12, 1945 
focusing fields. 10 2,407,905 Rose ------------ Sept. 17, 1946 

PAUL K. WEIMER. 2,418,487 Sproul ------------ Apr. 8, 1947 


