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1 
ELECTRON BEAMDEFLECTING DEVICE 

This invention relates to an electron beam deflecting 
device for use with a cathode-ray tube for the display of 
waveforms and, more particularly, to an electron beam 
deflecting device of the type using a helical strip slow 
Wave Structure. 

A deflecting device having parallel-plate electrodes 
is used in a cathode-ray tube for the direct observation 
of single-pulse waveforms with an ultra-high frequency 
and ultra-fast waveforms consisting of ultra-wide band 
frequency components. Degradation in deflection sen 
sitivity and an inverted deflection of the electron beam 
is inverted during the electron transit time in the device 
of this type. A deflecting device using a helical strip 
slow-wave structure is, therefore, used in lieu of such 
conventional device so as to avoid these and other dif 
ficulties, providing a uniform deflection sensitivity over 
a range d.c. to thousands of mega-hertz. Since, how 
ever, an amplifier providing a uniform amplification 
characteristics over such an ultra-wide band is not 
presently available, drawbacks are still encountered in 
this advanced deflecting device in that it is practically 
impossible to reduce the axial length of the device to 
the order of 3 to 4 centimeters as in a usual parallel 
plate deflecting device of a low-frequency cathode-ray 
tube and to have the passage of the electron beam en 
larged progressively toward a screen on which the 
waveforms are to be displayed. One of the reasons ac 
counting for such drawbacks is that the passage of the 
electron beam should be narrowed as much as possible 
for increasing the deflection sensitivity and that the 
physical length of the helical strip slow-wave structure 
should be elongated to the order of a deflecting action 
by a travelling-wave electric field for an extended time 
duration. Another reason is that the characteristic im 
pedance and the phase-velocity characteristics of the 
helical strip slow-wave structure should be uniform 
throughout the longitudinal direction of the helical 
strip slow-wave structure. The effective scanning area 
of the display screen is thus limited significantly not 
withstanding the fact that a deflection sensitivity of 
several volts per centimeters is available with the 
deflecting device of the conventional helical strip slow 
wave structure type. 

It is therefore an object of this invention to provide 
an improved electron beam deflecting device of the 
type using a helical strip slow-wave structure wherein 
the passage of the electron beam is enlarged toward the 
display screen of the cathode-ray tube and con 
sequently the effective scanning area of the screen can 
be increased, without inviting a substantial variation in 
the characteristic impedance of the helical slow-wave 
structure. 

In the drawings: 
FIG. is a longitudinal sectional view of an essential 

part of a travelling-wave deflection device implement 
ing this invention; 

FIG. 2 is a schematic view showing an example of the 
applications of the device shown in FIG. 1; and 

FIG. 3 is a plot showing the characteristic impedance 
VSWR (voltage standing wave ratio) of the device ill 
lustrated in FIG. 1. 

Referring to FIG. 1, the electron beam deflecting 
device according to this invention, which is generally 
represented by reference numeral 10, comprises a heli 
cal strip slow-wave structure 11 having an internal bore 
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12 extending therethrough. The slow-wave structure 10 
is enclosed in a cylindrical outer conductor 13. In an 
existing electron beam deflecting device using a helical 
strip slow-wave structure, the slow-wave structure and 
the outer conductor are in coaxial relationship with 
each other and the electron beam advances in a 
direction through a passage defined between the two 
members, the direction of the electron beam being in 
dicated by a broken line b. The combination of the 
structure 11 and the outer conductor 13 used as the 
electronbeam deflecting device is know perse. 
According to this invention, now, the helical strip 

slow-wave structure 11 is tapered forwardly on its side 
defining the passage of the electron beam. The struc 
ture 11 is herein shown as tapered at an angle 6 which 
may be selected as desired. In order that the passage of 
the electron beam be symmetrical with respect to the 
center line of the beam advancing therethrough, the 
axis of the cylindrical outer conductor 13 should be 
inclined at an angle corresponding to one-half of the 
angle 0 in an opposite direction. As a result, the center 
line of the passage of the electron beam is relatively 
deviated at an angle 612 as indicated by a broken line a. 
The passage of the electron beam thus being en 

larged, the impedance and the phase characteristic of 
the helical strip slow-wave structure will be varied 
toward the outlet of the deflecting device failing to pro 
vide a uniform transmission characteristics throughout 
the length of the deflection device. To avoid this dif. 
ficulty, the bore 12 in the helical structure 11 may be 
forwardly reduced in diameter so that the reduction in 
the capacitance resulting from the tapering of the 
structure 11 is compensated for by decreasing the in 
ductance. 

FIG. 2 sketchily illustrates an example of applica 
tions of the electron beam deflecting device of FIG. 1 
in a cathode-ray tube. As shown, an electron beam is 
emitted from the electron gun 14 and deflected verti 
cally when passing through the travelling-wave deflec 
tion device 10. The thus deflected beam is further 
deflected horizontally by the horizontal deflector 
means 15 and the resultant optical information such as 
waveforms is displayed on a screen 16 as customary. 
Designated by reference numeral 10a is an input plug 
of the travelling-wave deflection device 10. 

It will now be appreciated from the foregoing 
description that the screen 16 can be scanned over an 
increased area because of the enlarged passage of the 
electron beam in the travelling-wave deflection device 
10 without inviting a variation in characteristic im 
pedance throughout the length of the device 10. As a 
matter of fact, the characteristics impedance of the 
deflecting device according to the invention is main 
tained comparable to that attained in the conventional 
counterpart, as will be understood from observation of 
FIG. 3. 
What is claimed is: 
1. A device for deflecting an electron beam emitted 

in a direction from an electrongun, which comprises: 
a cylindrical outer conductor the central axis of 
which is inclined at an angle from said direction; 
and 

a helical strip slow-wave structure having an axial 
bore extending therethrough and a predetermined 
radial thickness and positioned axially within said 



BEST AVAILABLE COP 
3,696,266 

3 4. 
cylindrical outer conductor so as to define a direction at an angle corresponding to twice of the 
passage between one side surface of said slow- angle at which said outer conductor is inclined 
wave structure and the inner wall of said outer 
conductor through which said electron beam is 
permitted to pass; said one side surface of said 5 
slow-wave structure being tapered along said k at k sk 

from said direction; and said bore being reduced in 
diameter in said direction. 
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