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(54) SLOW WAVE STRUCTURE AND TRAVELING WAVE TUBE

(57) The present invention relates to a slow wave
structure (1) for transmitting an electromagnetic wave in
a travelling wave tube (2), wherein the slow wave struc-
ture (1) comprises an electrical conductor (10) formed
along a helix, wherein the helix twists around a longitu-
dinal axis (11). In order to provide a slow wave structure
and a traveling wave tube amplifier facilitating a simplified
amplification of high frequency electromagnetic waves,
the electrical conductor (10) comprises at least one cou-
pling section (12), wherein the coupling section (12) is

formed in order to generate a non-zero axial electric field
outside a space confined by an envelope of the helix of
the electrical conductor (10) in a direction parallel to the
longitudinal axis (11), when during operation of the slow
wave structure (1), the electromagnetic wave is transmit-
ted along the electrical conductor (10), wherein the axial
electric field is generated between two ends of the cou-
pling section (20, 20’), wherein the ends of the coupling
section (20, 20’) are distanced from each other in a di-
rection parallel to the longitudinal axis (11).
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Description

[0001] The present invention relates to a slow wave
structure (SWS) for transmitting an electromagnetic
wave in a traveling wave tube (TWT). The present inven-
tion further relates to a traveling wave tube for amplifying
an electromagnetic wave comprising a slow wave struc-
ture.
[0002] A traveling wave tube is also denoted as a
traveling wave tube amplifier in the sense of the present
invention. Traveling wave tube amplifiers are widely used
as power amplifiers and oscillators in radar systems,
communication satellites and spacecraft transmitters.
The working principle of known traveling wave tube am-
plifiers is illustrated in Figure 1. An electromagnetic wave,
usually a radiofrequency wave in the microwave range,
is transmitted through a cylindrical helix-shaped electri-
cal conductor 1 between an input connection 8 and an
output connection 9. The helix-shaped electrical conduc-
tor 1 causes a decrease of the phase velocity of the elec-
tromagnetic wave. For this reason, such a helix-shaped
electrical conductor 1 is usually described as slow wave
structure 1. At the same time as the electromagnetic
wave is transmitted through the slow wave structure 1,
an electron gun 4 produces an electron beam 3 traveling
through the inner space surrounded by the helix-shaped
electrical conductor 1. Due to the slowing down of the
electromagnetic wave, a situation can be provided,
wherein the electron beam velocity exceeds the phase
velocity of the electromagnetic wave. In this particular
case, energy is transferred from the electron beam 3 to
the electromagnetic wave due to the so-called Cherenk-
ov Effect. Consequently, the electromagnetic wave is
amplified.
[0003] Nowadays, there is a growing need for traveling
wave tube amplifiers in the high frequency range, i.e., in
the V-band (50-75 GHz), in the E-band (60-90 GHz), in
the W-band (75-110 GHz) and even in the D-band
(110-170 GHz). The higher the frequency the higher is
the atmospheric attenuation. Especially at W-band and
D-band, the use of traveling wave tube instead of solid
state amplifiers is the appropriate solution thanks to their
higher output power. While at V-band and E-band solid-
state power amplifier solutions have already been dem-
onstrated, the focus for travelling-wave tubes lies on the
higher frequency bands likes W-band and D-Band. Es-
pecially, D-band is of great interest due to the implemen-
tation of 5G infrastructure systems in this frequency
bands.
[0004] High frequencies allow high data rates and
therefore, for example, high-data-rate communication,
high-resolution radar systems or high-resolution spec-
troscopy. However, the higher the frequency of the elec-
tromagnetic wave gets, the smaller the dimensions of the
slow wave structure have to be. This leads to a big effort
in the fabrication of classic slow wave structures for high
frequency electromagnetic waves.
[0005] The electron beam must be focused more

strongly, if the slow wave structure’s dimensions de-
crease. The electron beam usually originates from a cath-
ode, which can be assumed to work as an electron
source. The cathode emits electrons into a vacuum pro-
vided inside the tube. These electrons are isolated and
focused by an electrostatic field generated by the anode
voltage. The electrons of the electron beam are kept fo-
cused within a certain diameter for a circular beam or
within a sheet (in case of a sheet beam) by a magnetic
field. The magnetic field is usually implemented by per-
manent magnets.
[0006] When transmitting electromagnetic waves with
higher frequencies, the helix-shaped slow wave structure
becomes smaller and, hence, the electron beam diame-
ter or sheet thickness has to decrease as well, since the
electron beam must fit into the inner space surrounded
by the helix-shaped slow wave structure. Due to the de-
crease of the electron beam diameter, the current density
of the electron beam increases. As a consequence, high-
er magnetic fields are required to sufficiently focus the
electron beam. This feedback effect complicates the fab-
rication of reliable traveling wave tube amplifiers in the
high frequency range.
[0007] Hence, as the underlying problem of the present
invention, a slow wave structure and a traveling wave
tube amplifier shall be provided facilitating a simplified
amplification of high frequency electromagnetic waves
overcoming at least a part of the disadvantages de-
scribed above.
[0008] At least one of the above problems is solved by
a slow wave structure for transmitting an electromagnetic
wave in a traveling wave tube, wherein the slow wave
structure comprises an electrical conductor formed along
a helix wherein the helix twists around a longitudinal axis.
According to the present invention, the electrical conduc-
tor comprises at least one coupling section, wherein the
coupling section is formed in order to generate a nonzero
axial electric field outside a space confined by an enve-
lope of the helix of the electrical conductor in a direction
parallel to the longitudinal axis when during operation of
the slow wave structure the electromagnetic wave is
transmitted along the electrical conductor, wherein the
axial electric field is generated between two ends of the
coupling section, wherein the ends of the coupling sec-
tion are distant from each other in a direction parallel to
the longitudinal axis.
[0009] Due to the longitudinal electric field caused by
the coupling section, it is possible to spatially separate
the slowing process of the electromagnetic wave and the
coupling process between the electromagnetic wave and
an electron beam of a traveling wave tube. Particularly,
the longitudinal electric field allows for an effective cou-
pling between an electromagnetic wave transmitted
through the slow wave structure and an electron beam
not being located in the inner space surrounded by the
helix of the slow wave structure but being located outside
the helix of the slow wave structure in a close vicinity of
the coupling section. As a direct consequence, it is no

1 2 



EP 3 993 005 A1

3

5

10

15

20

25

30

35

40

45

50

55

longer required to focus the electron beam in order to fit
the electron beam into the inner space surrounded by
the helix of the slow wave structure. The electron beam
is guided outside the helix structure but it still couples to
the electromagnetic wave due to the coupling section
according to the present invention. Hence, the focusing
of the electron beam is no longer a big issue when fab-
ricating small slow wave structures for high frequency
electromagnetic waves.
[0010] Particularly, the present invention facilitates
magnetic focusing in traveling wave tubes with magnetic
field strengths of only 0.35 Tesla or less.
[0011] As a further advantage, a slow wave structure
according to the present invention can be applied togeth-
er with arbitrary electron beam geometries.
[0012] Seeing the bigger picture, the present invention
provides the possibility to optimize both processes, the
process of slowing down the electromagnetic wave by
using a slow wave structure suitable for a desirable fre-
quency range and the process of coupling the electro-
magnetic wave to the electron beam with minimum trade-
off.
[0013] The coupling section is implemented by an ad-
ditional structural element of the helix of the slow wave
structure, wherein the shape of this structural element is
elongated in the longitudinal direction of the helix. Hence,
this structural element represents an anomaly of the helix
of the slow wave structure giving rise to longitudinal elec-
tric fields.
[0014] According to an embodiment of the invention,
the coupling section has an at least 1.2 times, preferably
at least 1.5 times and most preferably at least 2.0 times
larger extension in a direction parallel to the longitudinal
axis than at least one electrical conductor section being
adjacent to the coupling section.
[0015] Tests have revealed that coupling sections pos-
sessing such relative dimensions allow for an effective
coupling between electron beam and electromagnetic
wave.
[0016] According to an embodiment of the invention,
the coupling section has a circular, elliptical, rectangular,
triangular or cross-shaped form. Coupling sections pos-
sessing such shapes are easy to fabricate, but still pro-
vide a sufficient anomaly structure in order to cause a
longitudinal electric field for coupling with an electron
beam being located outside the helix of the slow wave
structure.
[0017] According to an embodiment of the invention,
the coupling section is a planar plate-shaped electrically
conducting patch with a cross shaped form. This partic-
ular shape is very easy to fabricate and, at the same time,
causes a reliable and strong coupling of the electron
beam and the electromagnetic wave.
[0018] According to an embodiment of the invention,
the coupling section has a cross-shaped form with two
cross arms, wherein a first cross arm connects two sec-
tions of the electrical conductor being adjacent to the
coupling section and a second cross arm possesses an

extension along the longitudinal axis that is larger than
the extension along the longitudinal axis of the first cross
arm, wherein preferably, the first cross arm is aligned
essentially perpendicular to the longitudinal axis and the
second cross arm is aligned essentially parallel to the
longitudinal axis.
[0019] This embodiment allows for controlling the
slowing down process and the coupling process partic-
ularly. By adjusting the length of the first cross arm or the
longitudinal distance between adjacent cross-shaped
coupling sections, the slowing down effect can be varied.
The longer the first cross arm is fabricated, the stronger
the slowing down effect will be. By adjusting the length
of the second cross arm, the coupling effect can be var-
ied. The longer the second cross arm is fabricated, the
stronger the coupling effect will be. Additionally feedback
effects can arise but do not change the overall principle
of a coupling section according to the present embodi-
ment.
[0020] According to an embodiment of the present in-
vention, the coupling section is a planar plate-shaped
electrically conducting patch.
[0021] According to an embodiment of the present in-
vention, the slow wave structure is a planar slow wave
structure. In a planar slow wave structure part of the elec-
trical conductor of the slow wave structure is provided by
striplines on the top and bottom surface of a dielectric
plate shaped material.
[0022] According to an embodiment of the invention,
the electrical conductor is at least partially surrounded
by a dielectric substrate like a monolithic substrate,
wherein the electrical conductor comprises at least a first
via and a second via, wherein the first and the second
via are formed within the dielectric substrate, wherein the
coupling section is arranged between the first and the
second via, wherein the coupling section is a plate-
shaped electrically conducting patch, wherein the patch
comprises a first connecting segment connected to the
first via and a second connecting segment connected to
the second via and a central segment between the first
and the second connecting segment, wherein a maxi-
mum extension of the central segment in a direction par-
allel to the longitudinal axis is larger than a maximum
extension of the first connecting segment or the second
connecting segment in a direction parallel to the longitu-
dinal axis, preferably larger than the maximum extension
of the first connecting segment and the maximum exten-
sion of the second connecting segment in a direction par-
allel to the longitudinal axis.
[0023] In this sense, the first connecting segment of
the coupling section with respect to the first via is sepa-
rated from the central segment of the coupling section
by a first imaginary boundary, wherein this first imaginary
boundary is represented by a tangent line being tangent
to the periphery of the first via, wherein this tangent line
is aligned parallel to the longitudinal axis and located on
a first side of the via, wherein the first side of the via faces
the second via. The same definition applies with respect
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to the second connecting segment mutatis mutandis.
[0024] This embodiment represents an implementa-
tion of the present invention as a planar slow wave struc-
ture. The helix shape is approximated by using vias within
a dielectric substrate and striplines or patches connecting
these vias on the top and bottom surfaces of the sub-
strate. Particularly, fabricating a slow wave structure as
a planar slow wave structure can help to reduce the costs
and increase the number of fabricated pieces.
[0025] By using the present embodiment (planar slow
wave structure), the slowing down effect can be control-
led by varying the period and the lateral distance between
the vias, the thickness of the substrate or the dielectric
constant of the substrate.
[0026] According to an embodiment of the present in-
vention, the central segment has an at least 1.2 times,
preferably at least 1.5 times and most preferably at least
2.0 times larger maximum extension in a direction parallel
to the longitudinal axis than at least one of the adjacent
connecting segments.
[0027] According to an embodiment of the present in-
vention, the dielectric substrate is made of ceramic, dia-
mond, alumina, silicon, or quartz. Preferably, the dielec-
tric substrate is made of aluminium nitride. All these ma-
terials cause low energy losses at high frequencies and
vary only with respect to the thermal properties of the
substrate. Hence, these materials make it possible to
achieve higher output power.
[0028] Particularly, a dielectric substrate made of ce-
ramic like aluminium nitride can withstand high operating
temperatures.
[0029] According to an embodiment of the present in-
vention, the patches and/or striplines have a thickness
in the range of 5 micrometres to 35 micrometres, prefer-
ably in the range of 18 micrometres to 35 micrometres.
[0030] According to an embodiment of the present in-
vention, the dielectric substrate has a thickness in the
range of 50 micrometres to 500 micrometres, preferably
in the range of 50 micrometres to 250 micrometres. Even
smaller thicknesses might be required at even higher op-
erating frequencies of the slow-wave structure.
[0031] According to an embodiment of the present in-
vention, the vias have a diameter in the range of 50 mi-
crometres to 300 micrometres, preferably in the range of
50 micrometres to 150 micrometres. Even smaller diam-
eters might be required at even higher operating frequen-
cies of the slow-wave structure.
[0032] According to an embodiment of the invention,
the slow wave structure is a cylindrical slow wave struc-
ture, wherein the coupling section possesses a larger
extension in a direction parallel to the longitudinal axis
than electrical conductor sections adjacent to the cou-
pling section.
[0033] According to an embodiment of the invention,
the helix-shaped electrical conductor comprises at least
two coupling sections distanced from each other but
aligned at the same peripheral position of the helix,
wherein preferably all coupling sections of the electrical

conductor are aligned at the same peripheral position of
the helix. Such an alignment ensures an effective cou-
pling between electron beam and electromagnetic wave.
[0034] According to an embodiment of the invention,
the electrical conductor is at least partially surrounded
by a dielectric substrate like a monolithic substrate,
wherein the dielectric substrate is one-piece of material
and does not possess any tunnel for transmitting an elec-
tron beam. The fabrication of such a slow wave structure
is easier and less costly than the fabrication of slow wave
structures with a dielectric substrate possessing a tunnel
for the electron beam.
[0035] According to an embodiment of the invention,
the coupling section is a plate-shaped electrically con-
ducting patch, wherein the patch is located on a top or
bottom side of the dielectric substrate or is embedded
within the dielectric substrate such that a top or bottom
side of the patch is essentially at the same level as the
top or bottom surface of the dielectric substrate. Such
slow wave structures can easily be fabricated, particu-
larly as planar slow wave structures.
[0036] According to an embodiment of the invention,
a turn of the helix-shaped electrical conductor is at least
partially formed by a consecutive series of the following
electrically connected elements: a first via in the dielectric
substrate, a coupling section, a second via in the dielec-
tric substrate and a stripline, wherein the electrical con-
ductor is designed in a way that this series repeats at
least once, preferably 50 to 200 times and most prefer-
ably 70 to 100 times. Due to a number of coupling sec-
tions on this order of magnitude, the effectiveness of a
respective traveling wave tube amplifier can be further
enhanced.
[0037] According to an embodiment of the invention,
the slow wave structure is fabricated using a photolitho-
graphic technique.
[0038] Particularly, a planar slow wave structure can
be fabricated using photolithographic or direct laser-writ-
ing techniques. The fabrication can start with providing
a dielectric substrate with already existing filled vias.
Then, at least one photolithography step is used to pro-
duce a coupling section as an electrical conducting patch
on the top or bottom side of the substrate. Depending on
the shape of the patch, multiple photolithography steps
can be used to produce the patch.
[0039] For, example, one photolithography step is
used to produce a cross shaped patch (coupling section).
This process starts from the dielectric substrate. Nega-
tive photoresist is deposited on top of the dielectric sub-
strate and the cross shapes are impressed on it with the
use of a mask and an ultraviolet light source. Subse-
quently, the resist is developed in order to remove it from
the area where the cross shapes striplines must be
present. After performing the lithography process, a film
of conducting material is deposited with a thermal evap-
orator or sputtering technique. The deposited material
can be copper or gold. A lift off process is then used to
remove the resist and the conducting film on it. At this
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point, only the cross shapes will remain on the substrate.
The same procedure can be used to define the oblique
lines (striplines) on the bottom side of the substrate.
[0040] Advantageously, the vias can be used for the
alignment of the lithography mask with the substrate. Al-
ternatively, a simple straight line can be used. After the
lithography step(s), a metallic (electrical conducting) film
is deposited on the substrate filling the lithographically
defined regions. Striplines, which do not represent a cou-
pling section, are produced analogously. A final electro-
plating step can be used to increase the thickness of the
patches and/or striplines.
[0041] Alternatively, a subtracting lithography process
can be used. A uniform metallic layer can be deposited
and an etching process can be used to define patches
(coupling sections) and striplines on the top and bottom
side of a dielectric substrate.
[0042] Alternatively, a mask-less direct laser writing
techniques can be used to produce patches (coupling
sections) and striplines on the top and bottom side of a
dielectric substrate.
[0043] Alternatively, micro milling techniques can be
used to produce patches (coupling sections) and strip-
lines on the top and bottom side of a dielectric substrate.
[0044] According to an embodiment of the present in-
vention, the slow wave structure comprises a coupling
impedance of 10 to 30 Ohms.
[0045] When incorporating a slow wave structure ac-
cording to the present invention into a traveling wave
tube amplifier, the separation of the slowing down proc-
ess of the electromagnetic wave and the coupling proc-
ess between electron beam and electromagnetic wave
as well as the wide range of possible suitable coupling
section designs can be used to adapt and optimize the
traveling wave tube amplifier. Particularly, the transmis-
sion of the electromagnetic wave inside the waveguide
and the coupling of the electromagnetic wave and the
electron beam can be optimized by adjusting the sub-
strate thickness or the position of the slow wave structure
inside the wave guide.
[0046] The present invention also refers to a traveling
wave tube for amplifying an electromagnetic wave, the
travelling wave tube comprising an electron beam gen-
erating means being arranged to generate an electron
beam along an electron beam axis during operation of
the travelling wave tube, a hollow waveguide being ar-
ranged to guide the electromagnetic wave along a
waveguide axis during operation of the travelling wave
tube, and a slow wave structure comprising an electrical
conductor formed along a helix twisting around a longi-
tudinal axis, wherein the longitudinal axis is essentially
parallel to the waveguide axis, wherein the slow wave
structure is located in the hollow waveguide, and wherein
the electron beam axis is located in the hollow
waveguide. According to the present invention, the elec-
tron beam generating means is arranged and located in
order to generate the electron beam with a circular or
elliptical cross section during operation of the travelling

wave tube, and to generate the electron beam with the
electron beam axis located outside a space confined by
an envelope of the helix of the electrical conductor.
[0047] Such a traveling wave tube amplifier is comple-
mentary to the slow wave structure according to the
present invention, since it facilitates integration of a slow
wave structure according to the present invention. Par-
ticularly, the travelling wave tube amplifier facilitates a
combination of an electron beam guided above or below
a slow wave structure and a slow wave structure pos-
sessing coupling sections in order to effectively couple
the electron beam with an electromagnetic wave trans-
mitted through the slow wave structure. Further, an elec-
tron beam with a circular or elliptical cross section pos-
sesses optimized coupling characteristics when used to-
gether with a slow wave structure according to the
present invention.
[0048] According to an embodiment of the present in-
vention regarding a traveling wave tube amplifier, the
electrical conductor is at least partially surrounded by a
dielectric substrate like a monolithic substrate, wherein
the electron beam generating means is arranged and
located in order to generate the electron beam with the
electron beam axis being outside a space confined by
an outer contour of the dielectric substrate.
[0049] According to an embodiment of the present in-
vention regarding a traveling wave tube amplifier, the
electron beam generating means is arranged and located
in order to generate the electron beam with the electron
beam axis spaced from the electrical conductor at a dis-
tance of 50 micrometres to 400 micrometres. Tests have
revealed that most effective coupling can be achieved,
when the electron beam is guided at such a distance with
respect to the electrical conductor.
[0050] According to an embodiment of the present in-
vention regarding a traveling wave tube amplifier, the
electron beam has an essentially circular cross section
with an electron beam diameter in the range of 100 mi-
crometres to 800 micrometres, preferably in the range of
100 micrometres to 400 micrometres. Smaller beam di-
ameters are possible for travelling wave tube operation
at higher frequencies.
[0051] According to an embodiment of the present in-
vention regarding a traveling wave tube amplifier, the
slow wave structure of the traveling wave tube is a slow
wave structure as described above.
[0052] According to an embodiment of the travelling
wave tube amplifier, the traveling wave tube amplifier
comprises a waveguide with an input window formed as
an aperture, wherein the input window is arranged and
designed in order to expose a surface of an input via of
the slow wave structure, wherein the input via is arranged
in order to allow an electromagnetic wave to enter the
slow wave structure through the input via, wherein the
input window has a rectangular cross-section.
[0053] As a main advantage, the occurrence of ghost
modes at such an input window is impossible due to the
rectangular cross section. In contrast, circular-shaped in-

7 8 



EP 3 993 005 A1

6

5

10

15

20

25

30

35

40

45

50

55

put windows behave as a resonator such that there is a
risk that the window can break at high output power val-
ues due to the so-called ghost modes.
[0054] Further features, embodiments and advantag-
es of the present invention are shown and described in
the following figures.

Figure 1: is a schematic side view of a traveling wave
tube amplifier according to the prior art,

Figure 2: is an isometric view of the conductor of a
first embodiment of a slow wave structure
according to the present invention (without
a dielectric substrate),

Figure 3: is an isometric view of the first embodiment
of the slow wave structure according to the
present invention (with a dielectric sub-
strate),

Figure 4: is an isometric cross-sectional view of the
first embodiment of a traveling wave tube
amplifier according to the present inven-
tion,

Figure 5a: is a plan view of a dielectric substrate pos-
sessing vias,

Figure 5b: is a cross-sectional view of the dielectric
substrate of Figure 5a,

Figure 5c: is a plan view of the top side of the dielectric
substrate shown in Figure 5a after patches
have been fabricated on the top side of the
dielectric substrate,

Figure 5d: is a plan view on the bottom side of the
dielectric substrate shown in Figure 5a af-
ter striplines have been fabricated on the
bottom side of the dielectric substrate,

Figure 6a: is an enlarged view on a cross-sectional
view of the first embodiment of the traveling
wave tube amplifier shown in Figure 4,

Figure 6b: is an enlarged view of a cross-sectional
view of a second (alternative) embodiment
of a traveling wave tube amplifier,

Figure 7: is an output/input-power diagram accord-
ing to a simulation of a traveling wave tube
amplifier according to the present inven-
tion,

Figure 8: is an enlarged view of a cross-sectional
view of the input window of a traveling wave
tube amplifier according to the present in-
vention.

[0055] Figure 2 is an enlarged view of the electrical
conducting part 10 of a planar slow wave structure 1.
This slow wave structure 1 comprises a repeating series
of the following structural elements: a via 13, a patch 12
as coupling section, a further via 13 and a stripline 14.
Then, the stripline 14 is connected to a further via 13 and
the series repeats. The shown embodiment possesses
coupling sections 12 having a cross shaped contour. The
coupling sections 12 are all located at the same periph-
eral position of the helix-shaped electrical conductor 10,

namely on the top side of the slow wave structure 1. The
slow wave structure 1 is arranged along a longitudinal
axis 11 with two rows of vias, namely row A an row B. A
first cross arm of each coupling section 12 connects to
a via of row A with an adjacent via of row B in a direction
perpendicular to the longitudinal axis 11. A second cross
arm of each coupling section 12 - overlapping the first
cross arm - is aligned along this longitudinal axis 11. This
second cross arm represents a main part of the central
segment 15" of the coupling section 12. Flag elements
belonging to the first cross arm are arranged laterally of
the second cross arm. Each flag element comprises a
connecting segment 15 or 15’, since each flag element
is connected to an adjacent via 13.
[0056] Since the second cross arm of the coupling sec-
tion 12 possesses a larger extension in the longitudinal
direction 11 in comparison with the adjacent lateral flag
elements of the coupling section 12, an electric field is
created between a first end 20 of the second cross arm
and an oppositely located second end 20’ of the second
cross arm above the coupling section 12, when an elec-
tromagnetic wave is transmitted through the slow wave
structure 1. Due to this longitudinal electric field, energy
of an electron beam 3 guided above the coupling sections
12 can effectively be transferred to this electromagnetic
wave.
[0057] Figure 3 shows the electrical conductor 10 of
Figure 2 in combination with a dielectric substrate 16.
The conducting vias 13 are embedded within the dielec-
tric substrate and, therefore, the vias 13 are not visible
in Figure 3. According to the embodiment shown in Figure
3, the coupling sections 12 are created as patches struc-
tured onto the top side of the dielectric substrate 16.
[0058] Figure 4 shows the planar slow wave structure
1 of Figure 3 together with a waveguide 5. This combi-
nation represents an embodiment of a traveling wave
tube amplifier 2 according to the present invention. The
respective electron source 4 and electron beam 3 are
not visible in Figure 4. In operation, the electron beam 3
passes above the series of cross-shaped patches 12
through the vacuum chamber formed by the waveguide
5. Consequently, there is a strong coupling due to the
longitudinal electric fields created by the cross-shaped
structure of these patches 12.
[0059] The waveguide 5 forms also a recess 21 just
below the series of striplines 14 (not visible in this view)
on the bottom side of the dielectric substrate 16. Since
the striplines 14 protrude from the bottom side of the di-
electric substrate 16, this recess 21 ensures that there
is no contact between the electrical conductor 10 and the
walls of the waveguide 5. On both sides of this recess
21, the dielectric substrate 16 is mounted on respective
support surfaces 22 of the waveguide 5. The width of the
dielectric substrate 16 is chosen in order to accurately fit
into the vacuum chamber of the waveguide 5. In this re-
gard, the dielectric substrate 16 is in contact with the
support surfaces 22 of the waveguide 5 and the lateral
side walls of the dielectric substrate 16 are in contact with
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the inner sidewalls of the waveguide 5. Hence, the die-
lectric substrate 16 and the whole slow wave structure 1
is robust against external vibrations.
[0060] The fabrication process of a slow wave structure
1 according to the present invention is illustrated accord-
ing to Figures 5a to 5d.
[0061] In general, the fabrication starts with providing
a dielectric substrate 16. The dielectric substrate 16 pos-
sesses at least a first row A of periodically arranged vias
and a second row B of periodically arranged vias, wherein
the vias in the first row and in the second row are longi-
tudinally displaced.
[0062] According to the example shown in Figure 5a,
the dielectric substrate 16 has two rows of four vias 13
each, hence, eight vias 13 in total. The vias of row A are
displaced in the longitudinal direction with respect to the
vias in row B. These vias 13 are either already filled with
electrical conducting material or they are filled with elec-
trical conducting material in an additional step. Figure 5b
shows a cross-sectional view of the dielectric substrate
of Figure 5a, wherein the cross-sectional plane includes
two neighboring vias 13 of rows A and B. Each via pos-
sesses a cylindrical shape with a circular cross-section.
[0063] In a further step, patches 12 can be structured
using photolithographic processes. The patches form
coupling sections in the sense of the present invention.
Each of the patches 12 connects a via 13 of row A with
an adjacent via 13 of row B. Figure 5c shows the top side
of the slow wave structure 1 resulting from this method
step.
[0064] According to the example shown in Figure 5c,
each patch 12 has a rectangular shape with two lateral
flag elements, wherein each flag element is connected
to one of the adjacent vias 13. In the sense of the present
invention, each outer part of the shown flag elements
represent a connecting segment 15 or 15’ of the coupling
section 12. In between both connecting segments 15 and
15’ of the coupling section, there is the central segment
15" of the coupling segment. In the sense of the above
definition with respect to connecting and central seg-
ments, Figure 5c shows imaginary boundaries 19, which
illustrate the separation of the coupling section into two
connecting segments and a central segment. These im-
aginary boundaries 19 are aligned parallel to the longi-
tudinal axis 11 of the slow wave structure, and are tangent
to the respective via and located at a minimum distance
to the adjacent via.
[0065] In a further step, a helical shape of the electrical
conductor is finished by connecting a via 13 of row A with
a diagonally opposing via of row B using a stripline 14
fabricated on the bottom surface of the dielectric sub-
strate 16. Figure 5d shows the bottom side of the slow
wave structure 1 resulting from this method step.
[0066] In the example shown, two vias 13 are left un-
connected, namely the upper via of row A and the lower
via of row B. These vias 13 can be used as input or output
via.
[0067] As shown by the example in Figure 5d, the

widths of the striplines 14 can be essentially as large as
the diameter of the vias 13. Striplines 14 can be fabricated
by photolithographic processes analogously to the fab-
rication of the patches on the top side of the slow wave
structure.
[0068] Figure 6a shows a cross-sectional view of a
traveling wave tube amplifier. The respective cross-sec-
tional plane is perpendicular to the longitudinal axis of
the slow wave structure 1. A close-up is represented
showing the slow wave structure 1 and the electron beam
3. According to the this embodiment, the electron beam
is guided along the longitudinal axis 11 in close vicinity
to the upper patches 12 of the slow wave structure 1 on
the top side up of the dielectric substrate 16. Hence, Fig-
ure 6a shows a main advantage of the present invention:
The electron beam 3 does not need to be aligned within
the inner space surrounded by the helix structure 10 of
the slow wave structure 1 in order to achieve an effective
coupling of the electromagnetic wave and the electron
beam 3. Rather, the electron beam can be aligned out-
side of the helix structure 10 and therefore, the geometry
of the electron beam 3 like its cross-sectional shape can
be designed/chosen independently of the dimensions of
the helix-shaped electrical conductor 10.
[0069] According to the embodiment of Figure 6a, the
electron beam has a circular cross-section.
[0070] Figure 6b represents an alternative constella-
tion of electron beam 3 and slow wave structure 1. In this
embodiment the electron beam 3 is aligned along the
longitudinal axis 11 and inside a tunnel of the dielectric
substrate 16 formed inside the inner space surrounded
by the helix structure 10. Also in this alternative case, the
coupling sections 12 according to the present invention
cause an effective coupling of the electromagnetic wave
and the electron beam 3.
[0071] According to the embodiment of the invention
of Figure 6b, the electron beam 3 has an essentially rec-
tangular cross-section. In other words, the electron beam
is a sheet electron beam.
[0072] Figure 7 shows results of a simulation carried
out for a traveling wave tube amplifier according to the
present invention. The diagram in Figure 7 represents
the dependency of the output power in dBm with respect
to the input power in dBm. Hence, this dependency rep-
resents the strength of the amplification achieved by the
respective traveling wave tube amplifier. The data curve
18 of the simulated traveling wave tube amplifier confirms
that there is a strong linear behavior for input power val-
ues in the range of 7 dBm to approximately 17 dBm before
there is a flattening of the data curve 18 for input power
values larger than 17 dBm. The operating frequency used
for the underlying simulation was 28 GHz. The results
underline that the traveling tube has a gain higher than
30 decibel and that it is possible to achieve an output
power higher than 100 W (50 dBm) in the linear regime.
At higher frequencies, for example 90 to 100 GHz, an
output power higher than 10 W can be achieved.
[0073] Figure 8 shows details of a traveling wave tube
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amplifier 2 according to the present invention with respect
to the transmission of the electromagnetic wave into the
helix-shaped electrical conductor 10. The electromag-
netic wave enters the helix-shaped electrical conductor
10 via an input channel 8. The input channel 8 of a
traveling wave tube amplifier comprising a planar slow
wave structure can be realized as an input window 8.
According to the planar slow wave structure 1 shown in
Figure 8, the input window 8 is part of the dielectric sub-
strate 16. The input window 8 is an aperture of the die-
lectric substrate 16. This aperture is located at a position
of a via 13 of the helix-shaped electrical conductor 10,
wherein this via 13 is used as an input via. Due to the
input window 8, the input via is in direct contact with the
environment of the traveling wave tube amplifier 2 and
can, therefore, be used for inserting an electromagnetic
wave into the slow wave structure 1. The input window
8 possesses a rectangular cross section in order to pre-
vent the occurrence of ghost modes during operation.
[0074] An electromagnetic wave can be transmitted to
the input via in several ways, for example with a coaxial
connector, with a patch antenna or using an adaptor re-
alized on the dielectric substrate.

Reference numerals

[0075]

1 slow wave structure
2 traveling wave tube (amplifier)
3 electron beam
4 electron gun
5 wave guide
6 permanent magnet
7 collector
8 input connection for electromagnetic wave
9 output connection for electromagnetic wave
10 electrical conductor
11 longitudinal axis
12 coupling section, patch
13 via
14 stripline
15 first connecting segment
15’ second connecting segment
15" central segment
16 dielectric substrate
17 linear reference curve
18 data curve
19 imaginary boundary between connecting seg-

ment and central part
20 first end of the coupling section
20’ second end of the coupling section
21 recess
22 support surface
A first row of vias
B second row of vias

Claims

1. A slow wave structure (1) for transmitting an electro-
magnetic wave in a travelling wave tube (2),
wherein the slow wave structure (1) comprises an
electrical conductor (10) formed along a helix,
wherein the helix twists around a longitudinal axis
(11),
characterized in that
the electrical conductor (10) comprises at least one
coupling section (12), wherein the coupling section
(12) is formed in order to generate a non-zero axial
electric field outside a space confined by an enve-
lope of the helix of the electrical conductor (10) in a
direction parallel to the longitudinal axis (11), when
during operation of the slow wave structure (1), the
electromagnetic wave is transmitted along the elec-
trical conductor (10),
wherein the axial electric field is generated between
two ends of the coupling section (20, 20’), wherein
the ends of the coupling section (20, 20’) are dis-
tanced from each other in a direction parallel to the
longitudinal axis (11).

2. A slow wave structure (1) according to claim 1,
wherein the coupling section (12) has an at least 1.2
times, preferably at least 1.5 times and most prefer-
ably at least 2.0 times larger extension in a direction
parallel to the longitudinal axis (11) than at least one
electrical conductor section being adjacent to the
coupling section (12).

3. A slow wave structure (1) according to one of the
aforementioned claims, wherein the coupling section
(12) has a circular, elliptical, rectangular, triangular
or cross-shaped form, wherein the coupling section
(12) is preferably a planar plate-shaped electrically
conducting patch with a cross shaped form.

4. A slow wave structure (1) according to one of the
aforementioned claims, wherein the coupling section
(12) has a cross-shaped form with two cross arms,
wherein a first cross arm connects two sections of
the electrical conductor (10) being adjacent to the
coupling section and a second cross arm possesses
an extension along the longitudinal axis (11) that is
larger than the extension along the longitudinal axis
(11) of the first cross arm, wherein preferably, the
first cross arm is aligned essentially perpendicular
to the longitudinal axis (11) and the second cross
arm is aligned essentially parallel to the longitudinal
axis (11).

5. A slow wave structure (1) according to one of the
aforementioned claims,
wherein the electrical conductor (10) is at least par-
tially surrounded by a dielectric substrate (16) like a
monolithic substrate,
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wherein the electrical conductor comprises at least
a first via and a second via, wherein the first and the
second via are formed within the dielectric substrate
(16), wherein the coupling section (12) is arranged
between the first and the second via, wherein the
coupling section (12) is a plate-shaped electrically
conducting patch, wherein the coupling section (12)
comprises a first connecting segment (15) connect-
ed to the first via and a second connecting segment
(15’) connected to the second via (B) and a central
segment (16) between the first and the second con-
necting segment (15’),
wherein a maximum extension of the central seg-
ment (16) in a direction parallel to the longitudinal
axis (11) is larger than a maximum extension of the
first connecting segment (15) or the second connect-
ing segment in a direction parallel to the longitudinal
axis (11), preferably larger than the maximum exten-
sion of the first connecting segment (15) and the
maximum extension of the second connecting seg-
ment in a direction parallel to the longitudinal axis
(11).

6. A slow wave structure (1) according to claim 5,
wherein the plate-shaped electrically conducting
patch is located on a top or bottom side of the die-
lectric substrate (16) or embedded within the dielec-
tric substrate (16) such that a top or bottom side of
the plate-shaped electrically conducting patch is es-
sentially at the same level as the top or bottom side
of the dielectric substrate (16); and/or wherein a turn
of the helix-shaped electrical conductor (10) is at
least partially formed by a consecutive series of the
following electrically connected elements: the first
via in the dielectric substrate (16), the coupling sec-
tion (12), the second via in the dielectric substrate
(16) and a stripline (14), wherein preferably the elec-
trical conductor (10) is designed in a way that this
series repeats at least once and most preferably 70
to 100 times.

7. A slow wave structure (1) according to one of claims
1 to 4, wherein the slow wave structure (1) is a cy-
lindrical slow wave structure (1), wherein the cou-
pling section (12) possesses a larger extension in a
direction parallel to the longitudinal axis (11) than
electrical conductor (10) sections adjacent to the
coupling section (12).

8. A slow wave structure (1) according to one of the
aforementioned claims, wherein the helix-shaped
electrical conductor (10) comprises at least two cou-
pling sections (20,1 20’) distanced from each other
but aligned at the same peripheral position of the
helix, wherein preferably all coupling sections (20,
20’) of the electrical conductor (10) are aligned at
the same peripheral position of the helix.

9. A slow wave structure (1) according to one of the
aforementioned claims, wherein the electrical con-
ductor (10) is at least partially surrounded by a die-
lectric substrate (16) like a monolithic substrate,
wherein the dielectric substrate (16) is one-piece and
does not possess any tunnel for transmitting an elec-
tron beam (3).

10. A slow wave structure (1) according to one of the
aforementioned claims, wherein the slow wave
structure (1) is fabricated using a photolithographic
technique; and/or wherein the slow wave structure
(1) possesses a coupling impedance of 10 to 30
Ohms.

11. A traveling wave tube (2) for amplifying an electro-
magnetic wave, wherein the traveling wave tube
comprises a slow wave structure (1) according to
one of the aforementioned claims.

12. A traveling wave tube (2) for amplifying an electro-
magnetic wave, the travelling wave tube (2) compris-
ing
an electron beam (3) generating means being ar-
ranged to generate an electron beam (3) along an
electron beam (3) axis during operation of the trav-
elling wave tube (2),
a hollow waveguide (5) being arranged to guide the
electromagnetic wave along a waveguide axis dur-
ing operation of the travelling wave tube (2), and
a slow wave structure (1) comprising
an electrical conductor (10) formed along a helix
twisting around a longitudinal axis (11),
wherein the longitudinal axis (11) is essentially par-
allel to the waveguide axis, wherein the slow wave
structure (1) is located in the hollow waveguide (5),
and wherein the electron beam (3) axis is located in
the hollow waveguide (5),
characterized in that
the electron beam (3) generating means is arranged
and located in order
to generate the electron beam (3) with a circular or
elliptical cross section during operation of the trav-
elling wave tube (2), and
to generate the electron beam (3) with the electron
beam (3) axis located outside a space confined by
an envelope of the helix of the electrical conductor
(10).

13. A traveling wave tube (2) according to claim 12,
wherein the electrical conductor (10) is at least par-
tially surrounded by a dielectric substrate (16) like a
monolithic substrate, wherein the electron beam (3)
generating means is arranged and located in order
to generate the electron beam (3) with the electron
beam (3) axis being outside a space confined by an
outer contour of the dielectric substrate (16); and/or
wherein the electron beam (3) generating means is
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arranged and located in order to generate the elec-
tron beam (3) with the electron beam (3) axis spaced
from the electrical conductor at a distance of 50 mi-
crometres to 400 micrometres.

14. A traveling wave tube (2) according to one of claims
12 to 13, wherein the slow wave structure (1) of the
traveling wave tube (2) is a slow wave structure (1)
according to one of claims 1 to 12.

15. A traveling wave tube according to one of claims 12
to 14, wherein the waveguide comprises an input
window formed as an aperture, wherein the input
window is arranged and designed in order to expose
a surface of an input via of the slow wave structure,
wherein the input via is arranged in order to allow an
electromagnetic wave to enter the slow wave struc-
ture through the input via, wherein the input window
has a rectangular cross-section.
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