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[571 ABSTRACT 
An improved slow wave circuit especially useful in 
backward wave oscillators includes a slow wave circuit 
(10) in a waveguide (12) as shown in FIG. 1. The slow 
wave circuit is comprised of rings 11 disposed between 
and attached to respective stubs (13,14). The stubs 
(13,14) are attached to opposing sidewalls of the wave- 
guide (12). 
To the end that opposed, interacting magnetic fields 
will be established to provide a very high coupling 
impedance for the slow wave structure, axially orien- 
tated bars (20) are connected between rings in alternate 
spaces and adjacent to the attachment points of stubs 13. 
Similarly, axial bars (21) are connected between rings in 
the spaces which do not include bars (20) and at points 
adjacent to the attachments of bars (21). 
FIG. 2 shows the current loops (22,23) available be- 
cause of the inventive structure. 
FIG. 3 shows that rings 11 may be half rings of 180" arc. 
FIG. 4 illustrates that the rings or half rings (11) with 
stubs (13,14) may be formed of flat metal ribbons. 

12 Claims, 4 Drawing Figures 
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LADDER SUPPORTED RING BAR CIRCUIT 

ORIGIN O F  THE INVENTION 
This invention was made by an employee of the U.S. 

Government and may be manufactured or used by or 
for the Government without the payment of any royal- 
ties thereon or therefor. 

TECHNICAL FIELD 
This invention relates to traveling wave tube (TWT) 

amplifiers and oscillators and is directed more particu- 
larly to submillimeter wave oscillators. 

In recent years, many communication satellites have 
been placed in geosynchronous orbit above the earth. 
Recent evaluations of satellite communications indicate 
that in the coming decades there will be such an increas- 
ing demand for satellite-to earth communications that 
the capacity limits of the frequency bands of presently 
used satellites will be exceeded. 

In order to transmit increasing amounts of informa- 
tion, it will be necessary to go to higher radiofrequency 
(rf) transmission bands. Oscillator and transmitter tubes 
operable in the 30/20 GHz range are presently under 
development. However, it is expected that in the future 
frequencies will eventually reach the 100 GHz to 500 
GHz range. Additionally, there is presently a demand 
for backward wave oscillators in the 500 GHz to 2000 
GHz range for applications in molecular spectroscopy. 

As is well known, as the frequencies at which oscilla- 
tors and amplifiers operate is increased, numerous prob- 
lems are encountered, not the least of which is the accu- 
racy required in making and positioning the mechanical 
parts of such devices. As an example, for the frequency 
range from 500 to 2000 GHz the rings of a slow wave 
structure for a backward wave oscillator may be on the 
order of from 0.001 to 0.002 inch in diameter. As a result 
of the extremely tight tolerances required, a high cou- 
pling impedance for the slow wave structure is highly 
desirable for operation in the submillimeter wave length 
range. 

BACKGROUND ART 
U.S. Pat. No. 3,993,924 to Hanf discloses a traveling 

wave tube having a delay line comprised of axially 
aligned rings supported by members which extend alter- 
nately from two facing sides of the waveguide inner 
walls. The rings are not connected by any axially 
aligned bars. 

U.S. Pat. No. 3,443,146 to Buck discloses a traveling 
wave tube delay structure comprising a rectangular 
waveguide having stubs extending inwardly, alternately 
from a pair of opposing walls. Each stub is provided 
with an aperture, the apertures being coaxial with the 
longitudinal center of the waveguide. The metal sur- 
rounding each aperture serves as a ring. Longitudinally 
extending bars interconnect the rings with each bar 
being at a position on the ring, which position is 180" 
away from the position of the other bar connected to 
the ring. 

U.S. Pat. No. 4,066,927 to Gross discloses a delay line 
for a traveling wave tube, particularly for use with 
millimeter waves. Elongated attenuating members are 
disposed in the respective cells defined by transverse 
walls. The attenuating members are matched by a suit- 
able adjustment of matching cylinders or pins in the 
respective immediate adjacent line cells. The Gross 

patent does not disclose a conductive path in the direc- 
tion of wave propagation. 

U.S. Pat. No. 3,335,314 to Espinosa et a1 discloses a 
ring bar type slow wave circuit. Espinosa shows thick 

5 stubs extending perpendicularly from the walls of a 
waveguide to support rings. The currents in the respec- 
tive stubs are predominantly transversal or perpendicu- 
lar to the axis. 

10 DISCLOSURE O F  THE INVENTION 

In accordance with the present invention, there is 
provided a slow wave structure for a millimeter wave 
backward wave oscillator tube. The slow wave struc- 
ture is comprised of whole rings or half rings disposed 

l 5  in axially alignment in a waveguide. Quarter wave stubs 
extend from each side of each ring to the walls of the 
waveguide. Axially extending connecting bars are dis- 
posed in every other space between rings adjacent one 
side of the waveguide while a second set of axially 

2o extending bars are disposed in the remaining spaces 
between rings adjacent the other side of the waveguide. 

The currents in the bars toward one side of the wave- 
guide will always be in the opposite direction to the 
currents in the bars adjacent the other side. These cur- 

25 rents are relatively high and due to the interaction of 
the magnetic fields produced result in a high coupling 
impedance for the slow wave structure. 

BRIEF DESCRIPTION O F  THE DRAWINGS 
30 

The details of the invention will be described in con- 
nection with the accompanying drawings in which: 

FIG. 1 is a pictorial view of a portion of a slow wave 
structure embodying the invention and as disposed in a 

FIG. 2 is a plan view schematic diagram of a slow 
wave structure embodying the invention and depicting 
the current flow paths. 

FIG. 3 is a pictorial view of an embodiment of the 
40 inventive slow wave structure utilizing half rings and 

shown with the upper half of the waveguide removed. 
FIG. 4 is a transverse cross-sectional view of an alter- 

nate embodiment half ring version of the slow wave 
structure embodying the invention. 

DESCRIPTION O F  THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown in accor- 
dance with the invention a slow wave circuit 10 com- 

50 prising a plurality of rings 11 disposed in axial alignment 
in a rectangular waveguide 12. The rings 11 are substan- 
tially coaxial with the longitudinal center of the wave- 
guide 12. 

In order to provide desirable current flow paths, as 
55 will be described presently, a plurality of stubs 13 ex- 

tend from one wall of waveguide 12, each stub being 
attached to a respective one of rings 11. Similarly, a 
second plurality of stubs 14 extend inwardly from the 
opposite wall of the waveguide 12, each stub being 

60 attached to a respective one of the plurality of rings 11. 
The walls from which stubs 13 and 14 extend may be 

considered as first and second walls, respectively. The 
distance between the inner surfaces of the first and 
second walls of the waveguide 12 is approximately 

65 one-half the wavelength of the frequency A, at which it 
is desired to operate the slow wave structure. Thus, the 
diameter of the rings 11 as indicated by arrow 15 plus 
the lengths of stubs 13 and 14 as indicated by arrows 16 

35 waveguide with its upper half removed. 

45 
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and 17, respectively, is approximately one-half wave- 
length. 

The lengths of stubs 13 and 14 are approximately 
one-quarter wavelength. 

As is well known with traveling wave tubes, an elec- 
tromagnetic wave traveling along the slow wave struc- 
ture is increased in energy by a hollow beam of elec- 
trons projected through the rings of a slow wave cir- 
cuit. Only structure essential to the invention is shown 
and discussed in FIG. 1. 

In order to remove heat from the rings 11 and stubs 
13 and 14 there is provided a longitudinally extending 
ridge 18 of electrically conducting material having high 
thermal conductivity. The ridge 18 is attached to a third 
wall of the waveguide midway between the first and 
second walls and is preferably copper. The width of 
ridge member 18 is preferably equal to diameter of the 
rings 11. 

Disposed on top of ridge member 18 and contacting 
all of the rings 11 is a spacer member 19 made of a high 
thermal conductivity material which is electrically non- 
conductive. Diamond is a well-suited material for 
spacer 19. 

To the end that the slow wave structure 10 will have 
an extremely high coupling impedance, axially aligned 
connecting bars 20 are positioned in alternate spaces 
between rings 11. Each bar 20 connects two rings and is 
attached thereto adjacent to the points of attachment of 
stubs 13. 

In a similar manner, axially aligned connecting bars 
21 are positioned between rings 11 in every other space 
which does not include a connecting bar 20. The con- 
necting bars 21 are attached to rings 11 at points adja- 
cent to the attachment of respective stubs 14. 

The connecting bars 20 and 21, the stubs 13 and 14 
and, also, the rings 11 are all of electrically conductive 
material having good thermal conductivity. In the pre- 
ferred embodiment of the invention, stubs 13, 14 and 
connecting bars 20, 21 all lie in a common plane which 
approximately bisects the first and second sidewalls of 
waveguide 12. Thus, a bar 20 and a bar 21 attached to 
any particular ring 11 are at positions 180" apart on the 
ring. The rings 11, while shown as circular, may be 
slightly squashed or egg shaped in which case the major 
axis lies approximately in the plane of the stubs 13,14 an 
the connecting bars 20,21. 

The slow wave structure of FIG. 1 can be used as a 
forward wave amplifier at frequencies generally below 
100 GH,. However, it can also operate as a backward 
wave oscillator at frequencies generally greater than 
500 GH,. Because oscillators operate at relatively low 
power, high efficiency is not a critical parameter as it is 
in amplifiers. 

Owing to the small size of the parts utilized in micro 
sized circuits such as a slow wave structure operating in 
the submillimeter wave range, special fabrication tech- 
niques may be required. Some of these techniques in- 
cluding forming the slow wave structure by vapor de- 
position or laser cutting. Photoetching may also be 
required at some point in the fabrication process. 

FIG. 2 is a plan view of the slow wave structure and 
waveguide of FIG. 1 with like parts being identified by 
like numerals. The arrows 22 and 23 illustrate the direc- 
tion of current flow through connecting bars 20 and 21, 
respectively, at a given instant of time. 

Current flow in the connecting bars 20 is always in an 
opposite direction to current flow in the connecting 

4 
bars 21. During each half cycle of operation, of course, 
the currents will reverse direction. 

Because of the physical relationship and positioning 
of connecting bars 20 with respect to stubs 13, a rela- 

5 tively strong current flow in an axial direction can be 
achieved. Likewise, a strong current flow in connecting 
bars 21 can be achieved, and at any instant of time, 
flows in the opposite direction to the axial current in 
connecting bars 20. 

Because of the alternately opposing current loops 22 
and 23 along the length of the slow wave structure, 
magnetic fields which alternate in direction from space 
to space between the rings 11 are produced. The inter- 
action of these magnetic field with the traveling wave 

15 and the electron beam which is directed through the 
rings 11 results in a very high coupling impedance for 
the slow wave structure. 

The structure shown in FIG. 3 is similar to that of 
FIG. 1 except that rings 11 are only half rings of ap- 

20 proximately 180" of arc. By eliminating the upper half 
of the rings 11, the slow wave structure 10 of FIG. 3 can 
be constructed with the distance between the points of 
attachment of the stubs 13 and the stubs 14 to the rings 
11 as small as 0.001 to 0.002 inch. With such dimensions, 

25 this slow wave structure can be used in a backward 
wave oscillator at frequencies in the range of from 
about 500 to 2000 GHz. 

Because of the small dimensions required for rings 11 
at submillimeter wave frequencies, removing the upper 

3 0  half of the rings 11 allows the electron beam to be ad- 
justed to graze the half rings 11 without energy being 
dissipated by electrons which would strike the upper 
halves of the half rings 11 if such were used. While this 
arrangement facilitates transmission of the electron 

35 beam without interception, the coupling impedance is 
lower than for a full ring. However, the magnetic fields 
resulting from the mutually opposing currents in bars 20 
and bars 21 partially restore the coupling impedance. 

Referring now to FIG. 4, there is shown a slight 
40 modification of the half ring, slow wave structure 

shown in FIG. 3 and parts corresponding to those in 
FIG. 3 are identified by like numerals. In FIG. 4, nu- 
meral 25 identifies the longitudinal center of the wave- 
guide 12. Numeral 24 identifies the outline of a hollow 

45 electron beam of the type used in oscillators and ampli- 
fiers such as traveling wave tubes. 

As shown, one stub 13 extending from a first wall of 
the waveguide and one stud 14 extending from a second 
wall of the waveguide together with a half circle 11 are 

50 formed of a single flat ribbon of electrically conductive 
material. Half circle 11, as shown, is approximately 
one-half of a squashed circle which can be easily formed 
in a flat ribbon of suitable metal. Thus, rather than at- 
taching studs 13 and 14 to half rings 11, as shown in 

55 FIG. 3, and accurately aligning the half rings, the half 
ring portions may be formed in flat metal ribbons which 
may be positioned relatively easily along the wave- 
guide. 

With regard to the slow wave structures of FIGS. 3 
60 and 4, the connecting bars 20 and 21 are not essential 

when the structure is incorporated into a backward 
wave oscillator. However, the use of bars 20 and 21 will 
advantageously increase the coupling impedance. 

The slow wave circuit of FIG. 1 may be made, if 
65 desired, from flat ribbons with bowed portions as 

shown in FIG. 4. Two metal ribbons would be used to 
form each ring, the ribbons being positioned in back-to- 
back relationship. 

10 
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It will be understood that changes and modifications 
may be made to the above-described invention by those 
skilled in the art without departing from its spirit and 
scope as set forth in the claims appended hereto. 

We claim: 
1. A slow wave structure for a backward wave oscil- 

lator tube, said slow wave structure being disposed in a 
wave guide and comprising: 

a plurality of rings disposed in axial alignment in said 
waveguide, said rings being coaxial with the longi- 
tudinal center of said waveguide; 

a first plurality of electrically conducting stubs ex- 
tending inwardly from one wall of said waveguide, 
each stub being attached to a respective ring; 

a second plurality of electrically conducting stubs 
extending inwardly from a wall of said waveguide 
opposite said one wall, each stub being attached to 
a respective ring; 

a first plurality of electrically conductive connecting 
bars extending axially in alternate spaces between 
said rings at the points of attachment of said plural- 
ity of stubs to respective ones of said rings; and 

a second plurality of electrically conductive connect- 
ing bars extending axially between said rings in the 
spaces not including said first connecting bars and 
at the points of attachment of each of said second 
plurality of stubs to a respective ring, whereby 
currents in said first connecting bars and in said 
second connecting bars are in opposite directions 
to establish magnetic fields resulting in a high impe- 
dance characteristic for said slow wave structure; 
and 

a longitudinal ridge member of electrically conduct- 
ing, non-magnetic material having high thermal 
conductivity attached to the inside of each of third 
and fourth walls of said waveguide and a longitudi- 
nal spacer of an electrically nonconductive mate- 
rial having high thermal conductivity disposed 
between and contacting each ridge member and all 
of said rings to conduct heat away from said rings, 
stubs and bars. 

2. The structure of claim 1 wherein said ridge mem- 

3. The structure of claim 1 wherein said spacers are 

4. The structure of claim 1 wherein one said first 

bers are copper. 

diamond material. 

6 
6. The structure of claim 1 wherein said connecting 

bars are flat ribbons. 
7. A slow wave structure (SWS) for a backward 

wave oscillator said SWS being disposed in a rectangu- 
5 lar waveguide having first, second, third and fourth 

walls, said SWS comprising; 
a plurality of generally half-circle, bowed members 

disposed in said waveguide in alignment with each 
other as viewed from either end of said waveguide; 

a first plurality of stubs extending from said first wall 
of said waveguide, each of said stubs being at- 
tached to one end of a repective one of said half- 
circle members; and 

a second plurality of stubs extending from said second 
wall of said waveguide, each of said stubs being 
attached to the other end of a respective one of said 
half circle members; and 

a first plurality of electrically conductive connecting 
bars extending axially in alternate spaces between 
points on said half rings intersected by said stubs; 

a second plurality of electrically conductive bars 
extending axially between said rings in the spaces 
not including said first connecting bars and at the 
points of attachment of each of said second plural- 
ity of stubs to a respective ring, whereby currents 
in said first connecting bars and in said second 
connecting bars are in opposite directions to estab- 
lish magnetic fields resulting in a high impedance 
characteristic for said SWS. 

8. The structure of claim 7 wherein said one and said 
other end of each of said half-circle members lie in a 
plane which bisects said first and second walls of said 
waveguide. 

9. The structure of claim 8 wherein each of said first 
35 plurality of stubs and each of said second plurality of 

stubs are perpendicular to the respective walls from 
which they extend. 

10. The structure of claim 9 wherein each half-circle 
and the respective ones of said first and second plurality 

40 of stubs attached to it are comprised of a continuous 
metal ribbon having a depressed portion substantially 
symmetrical to the longitudinal center of said wave- 
guide. 
11. The structure of claim 10 and including a ridge of 

45 electrically conductive non-magnetic material disposed 
along the wall of said waveguide nearest said half-circle 
and a longitudinal, electrically non-conducting spacer 
contacting said ridge and all of said half-circles, said 

10 
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spacer having high thermal conductivity whereby heat 
plurality of stubs and one of said Second Plurality of 50 is conducted away from said half-circles and said stubs. 
stubs, both being attached to a common, ring are 12. The structure of claim 1 wherein any ring and the 
aligned. respective ones of each of said first and second plurality 

5. The structure of claim 4 wherein said first plurality of stubs connected to it are comprised of a pair of flat 
of stubs and said second plurality of stubs are perpendic- ribbons, each ribbon having a half circle portion, said 
ular to the respective waveguide walls from which they 55 ribbons being in back-to-back relationship. 
extend. * * * * *  
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