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(54) Streak tube

(57) A streak tube is provided in its
interior with a photocathode surface
16, a mesh electrode 19, a focusing
electrode 20, an aperture electrode
21, a deflection electrode 23 and a
phosphor screen 18 along the tube

axis thereof in the given order. The
photocathode is formed on a concave
surface 15, such that electrons
emitted from any position on the
photocathode surface 16 at the same
time enter into a deflection field
formed by the deflection electrode 23
at substantially the same time.
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SPECIFICATION
Streak tube

This invention relates to a streak tube, which
may be utilized, for example, in analyzing a light
source the strength of which changes rapidly.

The time resolving power of the streak tube'is
excellent enough to be able to indicate a change in
incident light of the order of 1 nanosecond on the
phosphor screen as tens of millimeters of travel
and even distinguish a change of less than two
picoseconds. Thus the streak tube has
conventionally been used in the field of the
waveform analysis of laser pulse light beams, etc.

The structure of the conventional streak tube
and the problem to be solved according to the
present invention will briefly be explained with
reference to the attached Fig. 1.

Fig. 1 is a longitudinal section showing the
structure of the conventional streak tube. A
schematic diagram showing a photocathode
surface with an optical image is also shown in the
figure.

One end of a vacuum tube 3 includes a window
1 through which an optical image to be analyzed
is received, and the other end of the tube 3
includes a window 2 from which the image
processed from the optical image is output.
Between the windows 1 and 2 and along the tube
axis of the tube 3 there are provided a
photocathode surface 4, a mesh electrode 5, a
focussing electrode 6, an aperture electrode 7, a
deflection electrode 8 and a phosphor screen 9. A
voltage higher than that of the photocathode 4 is
applied to the mesh electrode 5 and an even
higher voltage is applied to the aperture electrode
7. The same potential as that applied to the
aperture electrode 7 is applied to the phosphor
screen 9. Suppose that a line optical image 4a is
projected onto the photocathode surface 4
through the window 1 by using an optical device,
not shown, and that the image 4a passes through
the center of the photocathode surface 4. The
photocathode surface 4 emits an electron image
which corresponds to the optical image projected
thereon, and the emitted electrons are then
accelerated by the mesh electrode 5 and are
converged by the focusing electrode 6. The
electrons then pass the aperture electrode 7 and
move towards the phosphor screen 9 through a
gap in the deflection electrode 8.

A deflection voltage is applied to the deflection
electrode 8 for a period of time during which the
line electron image passes through the gap of the
deflection electrode 8. The direction of the electric
field generated by the deflection voltage is
perpendicular to the axis of the tube 3 and also to
the line electron image (that is, perpendicular to
the plane of the sectional view of Fig. 1). The
strength of the electric field is in proportion to the
deflection voitage. On the phosphor screen 9 the
line electron beam is scanned perpendicular to the
direction of its line image. Therefore the line image
at first projected on the photocathode surface 4 is
finally formed on the phosphor screen 9 as a
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series of optical images arranged one after
another, with the advance of time producing a
shift of the image perpendicular to the original line
direction, the final image on the phosphor screen
being called a streak image. The chan ge of the
brightness in the arranged or sweep direction of
the streak image thus indicates the duration of the
change in the strength of the incident optical
image. Several methods have conventionally been
used to quantify the change in time of the strength
of the incident light from the streak image. One of
them is a method of recording the streak image on
a film and measuring its blackening density.
Another method is to observe a streak image with
a TV camera and then analyze the video signal
thus obtained.

Generally speaking, the light to be measured by
the streak tube is extremely weak and moreover
the time for measurement is extremely short.
Therefaore a good S/N ratio is difficult to obtain. In
order to improve the ratio, in either of the above
methods the intensity of the final image
corresponding to a specific time is either
integrated or added. For example, in the former
method, an aperture in the form of a slit is used for
the film to seek an average blackening density of
the part of the film. In the latter method, the streak
image on the phosphor screen is viewed by a TV
camera with the sweep direction of the streak
tube matched to the vertical scanning direction of
the camera and the resulting video signal'is
integrated for each scanned line. In order to use
these methods, the optical image of a straight line
incident at any one time is preferably a straight
line on the phosphor screen. However, as will be
fully explained later, such an optical line image
does not become a straight line on the phosphor
screen. If the optical image of a straight line of any
one time is a curve, a curved slit aperture may be
used with the first method, if the appropriate curve
is known beforehand. According to the second
method, the brightness signal of the optical image
representing any one time is extracted from the
video signal and it may be integrated. However,
the degree of curvature in fact varies as the sweep
speed changes, and so the form of the slit must be
changed or further complicated operations
become necessary. Calculation for such
complicated operations requires typically several
seconds even by computer, and thus the operation
cannot follow the frame period of a video signal
which is several hundredths of a second. Also
it cannot follow an incident light which repeats at
intervals of less than several seconds.

The electron optics system of the streak tube
other than the deflection system is rotationally
symmetrical with its axis running from the center
of the photocathode surface to the center of the
phosphor screen. So the electron image emitted
from the photocathode surface is focused on the
axis between the photocathode surface and the
phosphor screen with an electron lens of the
above electron optics system. The image is then
inverted and projected onto the phosphor screen.
The above is further explained hereinafter with
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65.

reference to Fig. 1. Electrons emitted from the
center a of the photocathode surface strike the
center & of phosphor screen 9. Electrons from the
point 8" which is some distance from the center a
of the photocathode surface 4 pass through a
focusing point 11 and strike a point 4’ which is
likewise some distance from the center 6 of the
phosphor screen 9. Electrons emitted from the
photocathode surface are very rapidly accelerated
in the direction of the tube axis between the
photocathode surface 4 and the aperture
electrode 7 and pass the aperture electrode with a
constant speed. However, they are not accelerated
in the direction of the tube axis between the
aperture electrode 7 and the phosphor screen 9,
but they are only deflected in the direction
perpendicular to the plane of the figure by a
deflection electric field. Therefore, the position
{perpendicuiar to the plane of Fig. 1) of the
electrons emitted from any point on the line
perpendicular to the deflection field (that is the
line through a and a’ of Fig. 1) at which the
electrons strike the phosphor screen 9 depends
solely on the deflection voltage applied to the
deflectipn electrode 8. Therefore if these electrons
enter into the deflection field simultaneously, the
striking positions on the phosphor screen 9 will be
in the same vertical line parallel to the plane of the
sheet.

However, the distance from the point a’ which
is some distance from the center a of the
photogathode surface 4 through the focussing
point 11 to the deflection field is greater than the
distance of the deflection field from the center a.
Therefore when the electrons are emitted
simultaneously from the center a of the
photocathode surface 4 and from the point a’
some distance from the center a, the electrons
emitted from the point &’ enter the deflection field
later than those emitted from the center a. In other
words, a straight line optical image 4a incident
upon the photocathode surface 4 at any one time
becomes a curve 12 which is concave in the
sweep direction. This is schematically shown in
Fig. 2. An arrow A in the figure indicates the
sweep direction. When the sweep speed is
changed, the curvature of the curve 12 will
change.

So, if a line image incident at any one time on
the photocathode surface 4 appears as a curve on
the phosphor screen 9, it is not correct to monitor
the phosphor screen with a TV camera and
integrate the video signal of each scanned line.
This is because the signal obtained by integration
is a mixed image of different times.

An pbject of this invention is therefore to
provide a streak tube of the type having an
electronic optical system where an electron image
is focused and then formed as an image, in which
a linear image entered into the photocathode
surface at any one time will appear as a linear
image on the phosphor screen irrespective of the
sweeping speed.

Aceording to the invention there is provided a
streak tube provided within the interior thereof

70

75

80

85

90

95

100

1056

110

1156

120

125

130

with a photocathode surface, a mesh electrode, a
focusing electrode, an aperture electrode, a
deflection electrode and a phosphor screen along
the tube axis in the given order, wherein the
photocathode surface is formed on a concave
surface such that the distance between the
photocathode surface and the mesh electrode is
greatest on the tube axis so that electrons emitted
simultaneously from separate positions on the
photocathode surface enter into a deflection field
formed by the deflection electrode at substantially
the same time.

Thus, the moment of entry of electrons emitted
at the same time from all points of the
photocathode surface into the deflection field is
the same. Furthermore, electrons emitted at any
one time corresponding to a linear image incident
on the photocathode surface will produce a
straight line on the phosphor screen.

Certain embodiments of this invention will now
be described by way of example and with
reference to the accompanying drawings, wherein:

Fig. 1 is a longitudinal section showing the
structure of the conventional streak tube,
accompanied by a schematic diagram showing an
optical image on the photocathode surface;

Fig. 2 is a schematic view showing a curved-
line image on the phosphor screen;

Fig. 3 is a longitudinal section of the streak tube
according to one embodiment of this invention;

Fig. 4 is a section on line B—B of Fig. 3;

Fig. 5 is a diagram showing the waveform of
the voltage which is applied to the deflection
electrode of the streak tube;

Fig. 6 is a diagram illustrating a method of
evaluating a curved image appearing on the
phosphor screen of the streak tube;

Fig. 7 is a graphical diagram showing the
comparison of the characteristics of the
conventional device and the streak tube of this
invention;

Fig. 8 is a schematic representation showing a
photocathode surface formed on a spherical
surface and a mesh electrode; and _

Fig. 9 is a schematic representation showing a
photocathode formed on a cylindrical surface.

Figs. 3 and 4 show the respective longitudinal
sections of an embodiment of the streak tube
according to the present invention. In Fig. 3, the
direction of the deflection field is perpendicular to
the plane of the figure. In Fig. 4 the direction of the
deflection field is parallel to the plane of the figure.
An air-tight tube 13 made of glass is 40 mm in
diameter and 150 mm in length. The inner part of
the wall of one end 14 of the tube 13 has a
rounded face 15 which extends from its center for
10 mm in radius. The round face 15 has its center
on the axis of the air-tight tube near the focus of
the focusing electrode and is convex outwardly,
with the radius of the sphere being 50 mm. The
photocathode surface 16 is formed on the inside
of the spherical surface 15. Any spherical face
having its center on the tube axis may be used. In
mounting the same to the tube the angle of the
deflection electrode with respect to the tube axis
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need not be considered. A second end 17 of the
tube 13 is flat and on the inside surface thereof is
formed a phosphor screen 18.

Fig. 8 shows the relation of a photocathode
formed on a spherical surface with a mesh
electrode. The distance between the
photocathode surface 16 and the mesh electrode
19is 1 mm on the tube axis and 0.84 mm at
positions more than 4 mm from the tube axis. A
focusing electrode 20 is tapered inwardly at 30°
at the end facing the photocathode surface 16
until the diameter of the tapered edge becomes 8
mm. The length of the focusing electrode 20 is 35
mm. An aperture electrode 21 is flat and has a
circular aperture and is 5 mm from the
photocathode surface and is perpendicular to the
axis of the tube 13. A deflection electrode consists
of plates 22, 23 which have flat, parallel, regions
and are 70 mm from the phosphor screen 18. In
the streak tube so constructed, the photocathode
surface 16 is earthed and voltages of 1 KV, 960V,
5 KV and 5 KV are applied respectively to the
mesh electrode 19, focusing electrode 20,
aperture electrode 21 and phosphor screen 18.

When an optical line image as indicated by the
arrow C is formed in the plane of Fig. 3, an
electran image emitted from the photocathode
surface 16 converges between the focusing
electrode 20 and the aperture electrode 21 and
then spreads so that an image C’ is obtained on
the phosphor screen 18, which is merely an
inversion of the image C. At the same time, a
deflection voltage D, in Fig. 5, which changes from
6.5 KV to 3.5 KV in 1.5 nanoseconds, is applied to
the deflection electrode 22 shown in Fig. 4, while
to the deflection electrode 23 a deflection voltage
E, which changes from 3.5 KV to 6.5 KV, is
applied. The voltage E is synchronized with the
deflection voltage D. The straight line image is
thereby swept in the direction F shown in Fig. 4.In
contrast, in the conventional streak tube, the first
end is made flat and the photocathode surface is
formed on the inner wall thereof, and 1 mm fram it
is the mesh electrode. Other components are the
same as those used in the embodiment of the
streak tube of this invention shown in Figs. 3 and
4, In the conventional streak tube, the same
voltages are applied to corresponding electrodes.

Fig. 6 shows a method of evaluating a curve 25
which appears on the phosphor screen due to the
line image. In the diagram, the origin of the
coordinate axes corresponds to the center of the
photocathode surface. It Y axis represents the
sweeping direction of the streak tube and its X
axis is just perpendicular to the Y axis. The top of
the curve 25 is set at the origin in the figure. The
plot (X, Y) of the line of the curve 25 from the axes
of Fig. 6 is shown in Fig. 7, in which the line G is
characteristic of this embodiment of the present
invention. The line G extends less than 0.12 mm
from the X axis at 8 mm from the center of the
phosphor screen but the line H, relating to the
conventional streak tube, extends as much as 1.2
mm in a corresponding region. The Y axis scale of
picoseconds corresponds to the travel in the

70

75

80

85

90

95

100

105

110

115

120

125

scanning direction on the phosphor screen and is a
measure of the travelling time lag which causes
the curving of the line image. By the conversion in
Fig. 7 of the travel of G and H into time, values of
2 picoseconds and 20 picoseconds are obtained.
The mm scale given in the Y axis changes with the
ramp rate of the deflection voltage, while the time
scale of picoseconds is not changed. When the
line image appearing on the phosphor screen 18
of the streak tube is picked up by a TV camera
which scans horizontally, parallel to the X axis of
Fig. 6, and the video signals obtained are
integrated on each scanning line for 8 mm from
the center to right and left, respectively, along the
X axis, there are no signals with a time lag of more
than 2 picoseconds to be integrated, according to
the streak tube of this embodiment of the present

.invention, so there will be no deterioration of time

resolving power greater than 2 picoseconds. Thus
measurement with a large S/N ratio may be made.
In contrast, such a measurement by the
conventional streak tube would result in
deterioration of the time resolving power of 20
picoseconds or so. It is apparent that even a time
resolving power less than 20 picoseconds is
extremely objectionable in the streak tube.

In a second embodiment of this invention the
inner wall of the first end 14 of the first
embodiment is substituted with a cylindrical body
of a radius of 50 mm, which has an axis parallel
with the deflection field and intersecting the axis
of the tube 13. The relation of the photocathode
and the mesh electrode in this embodiment is
shown in Fig. 9. The cylindrical bedy is convex
outwardly. The operation of the second
embodiment, in as much as the fine optical image
incident upon the photocathode surface is
indicated as a streak image on the phosphor
screen, is the same as that explained with
reference to the first embodiment. Since the
electric field between the photocathode surface
and the mesh electrode does not change, the
position of the projection from an optical image
may easily be set, even when the position of the
image changes on the photocathode surface in the
direction of the deflection field.

Many modifications and changes may be made
within the scope of this invention to the
embodiments above. A multichannel plate may be
provided closely facing the phosphor screen in
order to raise the brightness of the image
appearing on the phosphor screen 18. In such a
case, the phosphor screen 18 of the embodiments
may be substituted with the face of the
multichannel plate opposing the photocathode
surface. The present invention may thus be utilized
in a streak tube incorporating the multichannel
plate therewithin.

CLAIMS .

1. A streak tube provided within the interior
thereof with a photocathode surface, a mesh
electrode, a focusing electrode, an aperture
electrode, a deflection electrode and a phosphor
screen along the tube axis in the given order,
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wherein the photocathode surface isformedona . 10 the photocathode surface is formed on a partofa

concave surface such that the distance between . spherical surface having a center on the tube axis.
the photocathode surface and the mesh electrode 3. A streak tube as claimed in Claim 1, wherein
is greatest on the tube axis so that electrons the photocathode surface is formed on a part of a
emitted simultaneously from separate positions on cylindrical surface whose axis is parallel to the
the photocathode surface enter into a deflection 15 deflection field and perpendicular to the tube axis.
field formed by the deflection electrode at 4. Streak tubes substantially as hereinbefore
substantially the same time. described with reference to Figures 3 to 9 of the
2. A streak tube as claimed in Claim 1, wherein accompanying drawings.
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