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{57] ABSTRACT

Apparatus for displaying the waveform of a micro-
wave signal which embodies means for producing an
electron beam, deflecting said beam in synchronism
with the microwave signal and permitting transmission
of the beam only when it is subjected to a predeter-
mined deflection to form a pulsed beam. Deflecting
the pulsed beam by a second deflecting signal syn-
chronized with the microwave signal while varying the
phase difference by a third signal and then displaying
the effect of deflection by the second signal on one
axis of the display means and controlling the sweep of
the other axis of the display means by said third signal.

6 Claims, 7 Drawing Figures
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DEVICE FOR OBSERVING WAVEFORM OF
' MICROWAVE SIGNAL

This invention relates to an improved device for ob-
serving the waveform of a microwave signal and other
extremely high frequency signals.

In order to observe the waveform of a microwave sig-
nal of high frequency, a sampling oscilloscope has been
used. In this device, a voltage pulse, which is synchro-
nized with the waveform to be observed and varies its
phase bit by bit at every cycle, is produced and the
waveform is sampled during the duration of this pulse
and amplified for use in waveform display. As the dura-
tion of the voltage pulse must be short enough in com-
parison with the period of the waveform to be ob-
served, the higher the frequency of the waveform be-
comes, the shorter the required duration of the pulse
becomes. Thus, the prior techniques only enable obser-
vation of a waveform up to about 18 GHz. In addition,
there is little likelihood of this upper limit of observable
frequency being raised materially in the near future
with known devices.

This invention intends to raise the upper limit of the
observable frequency much higher by utilizing an elec-
tron beam technique.

The device for observing the waveform of a micro-
wave signal according to this invention comprises a
source for producing an electron beam, first deflecting
means for defiecting said electron beam under control
of a first waveform which is identical to or synchronous
with that of said microwave signal, shutter means for
letting said electron beam pass therethrough only when
predetermined deflection is effected by said first de-
flecting means, thereby forming a pulsed elctron beam,
second deflecting means for deflecting said pulsed elec-
tron beam under control of a second waveform which is
identical to or synchronous with that of said microwave
signal, phase shifting means for varying the phase dif-
ference between said first and second waveforms under
control of a third waveform, and display means for ef-
fecting a display of the deflection effected by said sec-
ond deflecting means along the phenomenon axis, the
time axis sweep of said display means being effected in
synchronism with said third waveform.

Other features and operations of this invention will
be described in more detail hereinunder with reference
to the accompanying drawings. In the drawings:

FIG. 1 is a schematic perspective view, partly in
block form, representing an embodiment of a device
according to this invention,

FIG. 2 is a waveform diagram to aid in explaining the
operation of the device of FIG. 1;

FIG. 3 is a schematic perspective view, partly in
block form, representing another embodiment of this
invention,

FIG. 4 is a schematic sectional side view, partly in
block form, representing a further embodiment of this
invention;

FIG. 5 is a display pattern diagram to aid in explain-
ing the operation of the device of FIG. 4;

FIG. 6 is a schematic sectional side view, partly in
block form, representing a still further embodiment of
this invention; and

FIG. 7 is a schematic perspective view representing
two embodiment of a specific component of the device
of this invention.
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Throughout the drawings, like reference numerals
are used to denote corresponding structural compo-
nents.

Referring now to FIG. 1, an evacuated envelope 1
contains an e¢lectron gun assembly 10 comprising a
cathode electrode 11, a Wehnelt electrode 12, an
anode electrode 13 and an electron lens assembly con-
sisting of three electrodes 14, 15 and 16 at one end
thereof and an electron lens assembly 30 consisting of
three electrodes 31, 32 and 33, a drift tube 40, a con-
ductor disc 50 having a pin hole 51 in the center, a pair
of facing deflection plates 70 and an electron lens as-
sembly 80 consisting of three electrodes 81, 82 and 83
in that order in front of the electron gun assembly 10.
A phosphor screen 90 is provided at the other end of
the envelope 1. A pair of parrallel conductors 20 are
located between the electron gun assembly 10 and the
electron lens assembly 30 and a similar pair of parallel
conductors 60 are located between the conductor disc
50 and the deflection plates 70, so that the electron
beam emitted from the electron gun 10 passes the gaps
between the both pairs of parallel conductors.

The parallel conductors 20 are connected to the out-
put of the phase shifter 3 having a control terminal and
an input terminal 2, the latter also being connected di-
rectly to the parallel conductors 60. The drift tube 40 is
connected through a transformer 6 to one fixed contact
5b of a single-pole double-throw switch 5, while the
other fixed contact 5a is connected to the control ter-
minal of the phase shifter 3. A saw-tooth wave genera-
tor 4 is connected to the movable arm of the switch §
and also to the deflection plates 70. The conductor disc
50 is grounded and the other electrodes are respec-
tively connected as shown and fed with proper opera-
tion voltages from conventional voltage sources (not
shown).

In operation, a microwave signal Pi to be displayed
and observed, which has a waveform as shown in FIG.
2(2) for example, is applied to the input terminal 2.
The input signal Pi is directly applied to the parallel
conductors 60 and, at the same time, shifted in phase
by 8 and applied to the parallel conductors 20 as a sig-
nal Pi’ as shown in FIG. 2(1).

The electron beam emitted from the electron gun 10
is deflected laterally by an electric field produced by
the applied signal Pi’ between the parallel conductors
20 when it passes the gap between the conductors.
When the voltage Vi’ of the signal Pi’ is zero, the elec-
tron beam is not deflected and passes straight through
the pin-hole 51 of the disc 50, while, when the voltage
Vi’ is not zero, it is deflected and collides against the
disc 50 and is absorbed thereby. Consequently, the
electron beam passes the pin-hole 51 of the disc 50
only at the time points ¢, ¢», da, ¢y, . . . in FIG. 2(1)
and enters the gap between the parallel conductors 60
in an intermittent pulselike form. In the gap of the par-
allel conductors 60, this electron beam pulse is de-
flected laterally by an electric field produced by the ap-
plied signal Pi as in the case of the parallel conductors
20.

As there is a phase difference of 0 between the signals
Pi and Pi’, the fragments of the electron beam which
have passed the pin-hole 51 of the conductor disc 50 at
the time points ¢y, ¢a, @3, by, . . . respectively are de-
flected by angles which are proportional to the voltages
Ay, A, Ay, Ay, ... Tespectively, as obviously illustrated
in FIG. 2.
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The saw-tooth wave gencrator 4 generates a saw-
tooth wave signal Pm of relatively low frequency and,
when the movable arm of the switch 5 engages the fixed
contact Sa, this saw-tooth wave signal Pm is applied to
the control terminal of the phase shifter 3 to control the
phase shift thereof. For example, if the phase shifter 3
is arranged so that the phase difference 6 is varied by
the signal Pm from zero to 2, the deflection effected
by the parallel conductors 60 traces completely the
waveform of the signal Pi. As the saw-tooth wave signal
Pm is also applied to the deflection plates 70 and the
electron beam is further deflected laterally by an elec-
tric field produced by the signal Pm between these
plates 70 in the direction perpendicular to the deflec-
tion effected by the parallel conductors 60, the wave-
form of Pi as shown in FIG. 2(2) is displayed on the
phosphor screen 90.

The abovementioned phase control can be effected
by switching the movable arm of the switch 5 to the
fixed contact 5b to apply the saw-tooth wave signal Pm
to the drift tube 40 instead of controlling the phase
shifter 3. In this case, the phase shift angle § of the
phase shifter 3 is maintained constant. However, as the
potential of the drift tube 40 varies linearly in accor-
dance with the slope of the saw-tooth wave Pm it
changes the speed of the electrons in the pulsed elec-
tron beam passing therethrough. Accordingly, the tran-
sit time of the electrons from the parallel contuctors 20
to the parallel conductors 60 varies linearly and this re-
sults in the same phase shifting effect as that obtained
when the switch 5 is in engagement with contact 5a. If
the transformer 6 is selected appropriately, the same
zero-to-27r phase shift is obtained and the full wave of
the signal Pi is traced by the deflection effected by the
parallel conductors 60 and similarly displayed on the
phosphor screen 90.

Due to the difference of magnification between the
center and the periphery of the phosphor screen 90, the
device of FIG. 1 may produce some distortion of the
displayed image. The device of FIG. 3 overcomes this
undesired distortion of the displayed image.

In the device of FIG. 3, an electron gun assembly 10,
a pair of parallel conductors 20, an electron lens assem-
bly 30, a drift tube 40, a pin-hole disc 50 and an elec-
tron lens assembly 80 are arranged in the neck portion
of an evacuated envelope 1 in same manner as in the
device of FIG. 1. Between the disc 50 and the electron
lens 80, there is disposed a helical travelling wave guide
100 and two pairs of deflection conductors 110 ar-
ranged orthogonally with the tips of their inner ends
facing each other. As in the device of FIG. 1, the paral-
lel conductors 20 are connected through a phase shifter
3 to an input terminal 2 and a saw-tooth wave genera-
tor 4 is connected through a switch 5 to the control ter-
minal of the phase shifter 3 and further through a trans-
former 6 to the drift tube 40. However, the saw-tooth
wave generator 4 is coupled with a sine wave generator
7 and is synchronized by a sine wave signal generated
thereby. The sine wave signal is also supplied to a two-
phase convertor 8 to be converted into a synchronous
two-phase a.c. voltage which is applied to the deflec-
tion conductors 110 to produce a rotating electric field
therebetween.

The envelope 1 has an enlarged cylindrical head por-
tion 150 and a phosphor display screen 151 is formed
on the cylindrical side wall thereof. In the head portion
150, there are located a drift tube 120, a cylindrical
electrode 130 having a flange 131, a disc electrode 132
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4
facing the tlange 131 and two facing annular electrodes
141 and 142 respectively surrounding the flange 131
and disc electrode 132.

In operation, « microwave signal Pi to be displayed is
applied from the input terminal 2 through the phase
shifter 3 to the parallel conductors 20 as in the device
of FIG. 1 and, at the same time, is applied directly to
the input terminal 101 of the helical guide 100. The
electron beam emitted from the clectron gun 10 and
modulated to form pulses by the parallel conductors 20
and the pin-hole disc 50 is axially velocity-modulated
with the applied signal Pi in the helical guide 100 and
then radially deflected by the rotating electric field pro-
duced by the deflection conductors 110, The electron
beam further passes the drift tube 120 and the cylindri-
cal electrode 130 and enters a retarding electric field
produced between the flange 131 and the disc elec-
trode 132. In this retarding field, the beam is deflected
normal to the tube axis and collides with the cylindrical
phosphor screen 151 after being focused by the annular
electrodes 141 and 142.

In this case, the deflection angle effected by the re-
tarding field is inversely proportional to the speed of
electrons. However, the speed of electrons is related to
the voltage Vi of the signal Pi by means of velocity
modulation in the helical guide 100 and, therefore, the
longitudinal sweep on the phosphor screen 151 corre-
sponds to the level of the signal Pi. Since the phase dif-
ference 6 between the signal Pi’ applied to the parallel
conductors 20 and the signal Pi applied to the helical
guide 100 is varied with the saw-tooth wave Pm and
this phase shift is synchronized with rotation of the
electric field produced by the deflection electrodes 110
as abovementioned, the waveform of the signal Pi is
displayed on the cylindrical phosphor screen 151 at a
period of rotation equal to the period of the sine wave
produced by the sine wave generator 7. As in the case
of FIG. 1, the drift tube 40 may be used for the phase
shift by shifting the switch 5 to the other contact 5b.

In the embodiments of FIGS. 1 and 3, the upper limit
of the observable frequency is determined based only
upon the ability of the parallel conductors or the helical
travellings wave guide to provide the electron beam
with an effective deflection or velocity modulation, and
this is determined by the gap coefficient of the modula-
tion gap. For example, when the accelerating voltage of
the electron beam is 10 killovolts and the axial effective
length of the gap is 0.2 millimeter, the electron transit
angle in the gap is about 27r/3 at 100 GHz of frequency
of the wave to be observed, and the gap coefficient is
about 0.83. Accordingly, satisfactory operation is ob-
tained.

By designing the device of FIG. 3 such that the travel-
ling speed of the wave, to be observed, in the helical
travelling wave guide 100 becomes synchronous with
the transit speed of the electrons, it enables more effi-
cient velocity modulation than that afforded by the de-
vice of FIG. 1. In addition, due to a wide band charac-
teristic of the helical travelling wave guide, it becomes
possible to observe waveforms over a wide frequency
range.

Referring next to FIG. 4, the arrangement and func-
tions of components 10, 20, 40, 50, 60 and 80 in the
cvacuated envelope 1 are exactly same as those of the
corresponding components of the device of FIG. 1. In
this embodiment, however, the envelope 1 has no phos-
phor screen and an electron collector electrode 169 is
positioned instead at the end of the envelope 1 remote
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from the electron gun 10. The electrode 160 is
grounded. Before the electrode 160, there are a pair of
flat electrodes 171 and 172 arranged in a same plane
and define a slit 170 therebetween. The electrodes 171
and 172 are grounded through resistors 173 and 174
respectively. A pair, of deflection electrodes 181 and
182 are located between the parallel conductors 60 and
the electron lens assembly 80 and grounded respec-
tively through resistors 183 and 184. The electrodes
171 and 172 ‘are also connected respectively through
fixed contacts 191a and 1915 of a double-pole double-
throw switch 190 to a high gain amplifier 200 and the
output of the amplifier 200 is conrnected through fixed
contacts 192a and 192b of the'switch 190 respectively
to the deflection electrodes 181 and 182 and also con-
nected to the phenomenon axis input Y of a cathode-
ray tube oscilloscope’210. The output of a saw-tooth
wave generator 4-is connected through a transformer 6
to the drift tube 40 and also connected to the time axis
input X of the oscilloscope 210. :

In operation, a microwave signal Pi to be displayed is
applied to the parallel conductors 20 and 60 and a saw-
tooth wave signal Pm is applied to the drift tube 40 in
the same ‘manner as in the operation’of the device of
FIG. 1 and causes a deflection of the pulsed electron
beam, which completely traces the waveform of the sig-
nal Pi, at the parallel conductors 60. In this embodi-
ment, however, the electrons deflected upwardly are
absorbed by the electrode 171 and those deflected
downwardly are absorbed- by the electrode 172,
thereby inducing corresponding voltage drops across
the resistors 173 and 174 respectively.

When the movable arm of the switch 190 engages
contacts 191a and 1924, the voltage drop induced
across the resistor 173 is applied to the amplifier 200
and the amplified voltage is applied to the deflection
electrode 181 to deflect the electron beam down-
wardly. The such cancelling action continues until the
electron beam is aligned with the tube axis and passes
the slit 170 and, at that time, the output of the amplifier
200 appears as a d.c. voltage proportional to the corre-
sponding instantaneous value of the voltage Vi of the
signal Pi. Therefore, when the output of the amplifier
200 is applied to the phenomenon axis input Y and the
saw-tooth wave signal Pm is applied.to‘the time axis
input X of the oscilloscope 210, a waveform pattern as
shown in FIG. 5(1) is displayed on the screen.-This pat-
tern is similar to' the posmve half of the waveform of
the signal Pi.

When the movable arm of the switch 190 is turned to
the contacts 191b6 and 192b, a waveform pattern as
shown in FIG. 5(2), which is similar to the negative half
of the waveform of Pi, is displayed, for the same reason
set forth above.

In this embodiment, the electron trajectory is de-
flected once by the microwave signal Pi on the parallel
conductors 60 but it is always forced back to the origi-
nal straight trajectory by the low frequency deflection
effected by the deflection plates 181 and 182. There-
fore, the displayed pattern is not materially affected by
distortion of the electron lens system and the low fre-
quency deflection voltage is accurately proportioned to
the wave-height of sampled portion of the wave to be
displayed.

According to the device of this embodiment of the
invention, the waveform display can be effected by an
arbitrary separate display device. Although the descrip-
tion involves the use of a cathode-ray tube oscilloscope
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210, a mechanical recording device such as XY-
recorder can be used for this purpose if the selected
frequency of the saw-tooth wave signal Pm is low
enough.

FIG. 6 represents a variation of the device of FIG. 4.
Arrangement and the operation of those components in
this device, such as electron gun assembly 10, parallel
conductors 20, drift tube 40, conductor disc 50, elec-
tron lens assembly 80, electrodes 171 and 172 and
electron collector electrode 180, are substantially same
as those in the device of FIG. 4. The output of a saw-
tooth wave generator 4 is also connected to the drift
tube 40 and the time axis input X of a cathode-ray tube
oscilloscope 210. In this device, however, a helical
travelling wave guide 100 which is similar to that of the
device of FIG. 3 is located between the disc electrode
50 and the electron lens 80, instead of the parallel con-
ductors 60 and the deflection electrodes 181 and 182
of the device of FIG. 4. Moreover, the electrodes 171
and 172 are respectively connected to separate high
gain amplifiers 201 and 202 and the outputs of these
amplifiers are connected through fixed contacts 220a
and 220b of a single-pole double-throw switch 220 to
the phenomenon axis input Y of the oscilloscope 210
and also to the control terminal 231 of a variable volt-
age generator 230 whose output is connected to the in-
termediate electrode 82 of the electron lens assembly
80. .

In operation, a microwave signal Pi to be displayed is
applied to the parallel conductors 20 and the helical
guide 100 and a saw-tooth wave signal Pm is applied to
the drift tube 40 in the same manner as in the operation
of the device of FIG. 3 and causes a velocity modula-
tion of the pulsed electron beam which completely
traces the waveform of the signal Pi, as described in
conjunction with FIG. 3. Due to its own eccentricity
and the eccentricity of the electron lens, the electron
beam is deflected substantially by the electron lens 80
and collides with the electrode 171 or 172, as shown in
the drawing. The magnitude of deflection imparted by
the electron lens 80 to the electron beam relates to the
electron speed and the negative potential applied to the
electron lens electrode 82 by the variable voltage gen-
erator 230.

When the negative potential of the electrode 82 is at
a reference level and the instantaneous voltage of the
signal Pi is zero at the helical guide 100, the electron
beam passes through the slit 170 between the elec-
trodes 171. and 172 and is -absorbed by the collector
electrode 180. If the instantaneous voltage of the signal
Pi is positive, however, the electrons are accelerated to
reduce the deflection angle and collide with the elec-
trode 171. On the contrary, if the voltage of the signal
Pi is negative, the electrons are decelerated to increase
the deflection angle and collide with the electrode 172.
Consequently, voltage drops corresponding to the elec-
tron flow are caused across the resistors 173 and 174
and amplified respectively by the amplifiers 201 and
212. When the movable arm of the switch 220 is in en-
gagement with the contact 220a, the variable voltage
generator 230 is controlled by the output of the ampli-
fier 201 and drives the potential of the lens electrode
82 more negative. Therefore, the electrons are deceler-
ated to increase the deflection angle and, when the

S electrons having collided against the electrode 171

tend to pass the slit 170, a balance is attained. The out-
put voltage of the amplifier 201 at this time is propor-
tional to the positive voltage of the sumpled portion of
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the signal Pi. Accordingly, for the same reason as in the
device of FIG. 4, the oscilloscope 210 displays a wave-
form pattern as shown in FIG. 5(1) which corresponds
to the positive half of the waveform of the signal Pi.
Similarly, a display pattern as shown in FIG. 5(2) is ob-
tained when the movable arm of the switch 220 is in en-
gagement with contact 2205,

As the signal Pi acts on the electron beam by the heli-
cal guide 100 for a longer time than by the parallel con-
ductors 60 of the device of FIG. 4, the device of FIG. 6
exhibits a higher efficiency than the former device. In
addition, due to the wide band characteristic of the he-
lical guide, it has a wider observable frequency range.

As above described, waveform sampling can be ef-
fected within a time interval which is extremely shorter
than that available in the prior sampling devices by uti-
lizing pulse modulation of electron beam, according to
this invention, and it becomes possible to observe a
waveform of much higher frequency. Moreover, an-
other great advantage of this invention is that the sam-
pling pulse is always synchronous with the wave to be
observed and, therefore, it is also possible to observe a
waveform of repeated pulse oscillation including jitter-
ing which has been impossible to be observed by the
prior sampling oscilloscopes.

It should be noted that the above description has
been made only in conjunction with certain embodi-
ments and various modifications and changes may be
applied without departing from the scope of this inven-
tion as defined in the appended claims. For example,
the parallel conductors 20 and 60 were shown in the
drawings as a pair of parallel straight conductors but
they can take other shapes as shown in FIG. 7. FIG.
7(1) represents a pair of conductors each in the form of
a somewhat sinusoidal configuration and disposed in
spaced parallel planes. FIG. 7(2) represents a helical
conductor surrounded by a cylindrical conductor with
both conductors being coaxial or parallel. These paral-
lel conductors are well known by those skilled in the art
and are not the subject of this invention.

I claim:

1. A device for observing the waveform of a micro-
wave signal comprising a source of said microwave sig-
nal, means producing a continuous electron beam, first
beam deflecting means, means producing a first wave-
form signal synchronous with the microwave signal to
be observed, means connecting the last said means with
said first deflecting means for deflecting said beam (in
one plane), shutter means positioned forwardly of said
first deflecting means for permitting said beam to pass
when said deflection is within predetermined limits
thereby producing a pulsed electron beam, second
beam deflecting means following said shutter means for
deflecting said beam (in said plane), a second means
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producing a second wavetorm signal in the form of and
synchronous with said microwave signal, means pro-
ducing a third waveform signal, phase shifting means
for varying the phase between said first and second
waveform signals with respect to said electron beam
and under control of said third waveform signal, means
applying said second waveform signal to said second
beam deflecting means, display means in the path of
and responsive to said beam for displaying the move-
ment of said beam wherein the deflection produced by
said second deflecting means occurs along the phenom-
enon axis and means for sweeping said beam in syn-
chronism with said third waveform signal.

2. The device according to claim 1, wherein said first
deflecting means comprises a pair of parallel conduc-
tors to which said microwave signal is applied, and said
shutter means comprises a flat electrode having an ori-
fice therein and located in front of said parallel conduc-
tors.

3. The device according to claim 1, wherein said
phase shifting means comprises a tubular electrode po-
sitioned between said first deflecting means and said
shutter means with said electron beam passing there-
through and said third waveform is applied to said tu-
bular electrode.

4. The device according to claim 1, wherein said sec-
ond deflecting means comprises a helical travelling
wave conductor to which said second waveform is ap-
plied and means for deflecting said pulsed electron
beam in a second plane angularly disposed relative to
the first said plane, and said display means comprises a
cylindrical display screen and means of applying a rota-
tional field to said electron beam in synchronism with
said third waveform thereby effecting a circumferential
time axis sweep on said screen.

S. The device according to claim 1, wherein said dis-
play means comprises means for producing a voltage
corresponding to the deflection effected by said second
deflecting means, means interconnected with the last
said voltage for cancelling said deflection, and a display
device having a phenomenon axis sweep controlled by
said voltage and time axis sweep controlled by said
third waveform.

6. The device according to claim §, wherein said volt-
age producing means comprises at least one electrode
for collecting said electron beam encountering a prede-
termined deflection and a resistor connected to said
electrode, and said deflection cancelling means com-
prises at least one deflection electrode for deflecting
said electron beam opposite to the deflection effected
by said second deflecting means under control of a
voltage corresponding to a voltage produced across

said resistor.
* % * * £



