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1. 

2,918,358 
METHOD OF MANUFACTURE OF SLOW-WAVE 

STRUCTURES 

Arthur H. Iversen, Santa Monica, Calif., assignor to 
Hughes Aircraft Company, Culver City, Calif., a cor 
poration of Delaware 
Application December 31, 1956, Serial No. 631,842 

7 Claims. (CI. 41-43) 

This invention relates generally to traveling-wave tubes 
and more specifically to a slow-wave structure for use 
therein, and a method of manufacturing such slow-wave 
Structures. 

Traveling-wave tubes generally comprise an evacuated 
envelope, a slow-wave structure disposed within the en 
velope for propagating electromagnetic waves at a ve 
locity substantially less than the velocity of light, and an 
electron gun disposed at one end of the envelope for pro 
jecting an electron stream in energy exchange relationship 
with the traveling waves propagated along the slow-wave 
Structure. 

Heretofore, the slow-wave structure adapted for propa 
gating the electromagnetic waves in a traveling-wave tube 
has been manufactured by precision milling of slots in a 
cylindrical metallic tube, by actual winding of a wire 
helix on a mandrel, by complex metallic stampings, and 
by other precision machining techniques which require 
great skill, elaborate equipment and considerable time. 
The prior art techniques have also required that after 
construction of the slow-wave structure, it be thereafter 
enclosed in an evacuated envelope. This gave rise to 
many problems of supporting the slow-wave structure. 
within the envelope while maintaining critical distances 
between the slow-wave structure and the envelope and 
aligning the slow-wave structure with the electron stream. 
In some prior methods of supporting slow-wave struc 
tures, a serious problem of the envelope causing dielectric 
loading of the slow-wave structure was also encountered, 
thereby decreasing the efficiency of the tube. Further, in 
accordance with past techniques, it was very difficult to 
change the type of metal along the length of the slow 
wave structure so as to vary the resistance of the slow 
wave structure at desired points along the length of the 
slow-wave structure. - - 

It is therefore an object of the present invention to pro 
vide a method of manufacturing slow-wave structures 
which is not subject to the disadvantages of the prior art. 

It is another object of the present invention to provide 
a method of manufacturing slow-wave structures whereby 
the envelope of the traveling-wave tube serves to support 
the slow-wave structure but with a minimum of dielectric 
loading of the slow-wave structure. 

It is a further object of the present invention to provide 
a method of manufacturing slow-wave structures of de 
sired configurations and providing variations in metal 
types and electric conductivity along the length of the 
slow-wave structures. 

It is still another object of the present invention to pro 
vide slow-wave structures of desired configurations where 
in the envelope of the traveling-wave tube supports the 
slow-wave structure, portions of the inner surface of the 
envelope intermediate the slow-wave structure being re 
moved to reduce dielectric loading. 

In accordance with the present invention, these objects 
are achieved by applying a suitable metallic powder sus 
pension to the inner surface of a cylindrical glass tube in 

- a predetermined slow-wave structure pattern. The metal 

agent which does not attack the metal. 
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lic slow-wave structure deposit is then fused to the inner 
surface of the tube. The outer surface of the tube may 
be coated with an appropriate protective agent, and por 
tions of the glass of the tube around the slow-wave struc 
ture deposit are then etched away by a suitable etching 

in this manner 
dielectric loading of the resulting traveling-wave tube is 
reduced. - 

The novel features which are believed to be character 
istic of the invention both as to its organization and 
method of operation, together with further objects and 
advantages thereof will be better understood from the 
following description considered in connection with the 
accompanying drawing in which several embodiments of 
the invention are illustrated by way of example. It is to 
be expressly understood, however, that the drawing is 
for the purpose of illustration and description only and is 
not intended as a definition of the limits of the invention. 

Fig. 1 is a side elevational view illustrating a method 
of applying a metallic suspension to the inner surface of 
a glass envelope and associated equipment in accordance 
with the present invention for use in a traveling-wave 
tube; 

Figs. 2 and 3 are cross-sectional views showing the 
glass envelope and slow-wave structure before and after 
the glass intermediate the slow-wave structure has been 
removed; 

Fig. 4 is a sectional view in perspective of another con 
figuration of a slow-wave structure and associated equip 
ment constructed in accordance with an alternative em 
bodiment of the present invention; and 

Fig. 5 is a side elevational view of a traveling-wave 
tube embodying a helix or slow-wave structure of the 
invention. 

Referring now to Fig. 1 of the drawing, a machine such 
as a lathe. i0 is shown supported by a frame 11. Mounted 
on frame : is a motor 14 driving a chuck 3, motor 14 
being capable of moving a carriage 15 transversely along 
supporting frame is by means of a lead screw 12 at a 
rate in accordance with adjustable controls 21. Mounted 
on top of carriage 5 is a feed jar 6 which moves with 
carriage i5 while permitting the contents of feed jar 16 
to flow past a valve 17through a feed tube 18 and eventu 
ally discharge from orifice or nozzle 19. 
To apply a slow-wave structure pattern, as for example 

a helix, to the inner surface of a glass cylinder or tube 
20, tube 20 is inserted in chuck 13, and controls 21 are set 
to obtain the desired rate of feed of carriage 16 and the 
rate of rotation of chuck 13 and hence glass tube 20. A 
desired metallic powder Suspension, such as a 425 mesh 
of platinum, tungsten, or moly denum, or a mixture of 
metals such as molydenum and manganese in a suspen 
sion agent such as acetone and nitro cellulose, is placed 
in feed jar 36 which may then be pressurized to improve 
the flow of metallic suspension if gravity flow should be 
insufficient. - 

Motor i4 is started and valve 17, of feed tube 18 is 
opened. As carriage i5 moves transversely along lead 
screw 12 and as glass tube 20 rotates, the metallic powder 
suspension is deposited on the inner surface of glass 
cylinder 20 through orifice 19 thereby forming a desired 
helix pattern. If a single helix is desired, valve 17 of 
feed tube 18 is closed when a single traverse is completed 
and the carriage reversed so as to withdraw feed tube 18. 
If a contrawound helix is desired, valve 17 is allowed to 
remain open after the initial deposit of the metallic 
powder suspension along the length of glass cylinder 20 
is made during a traverse of the carriage, and the car 
riage reversed thereby forming a contrawound helix. 

After the desired slow-wave pattern has been applied 
to the inner surface of glass cylinder or tube 20, the 
tube is removed from chuck i3 and the suspension agent 
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of the metallic suspension removed, as by evaporation or 
heating. The metallic slow-wave structure pattern is then 
fused, as by heating, to the inner surface of cylinder 20. 

Fig. 2 represents a metallic helix or slow-wave struc 
ture 22 fused to the inner surface of cylinder 20 wherein 
cylinder 20 serves to support the single helix formed by 
the metallic deposit. 
As shown in Fig. 3, glass portions 23 adjacent succes 

sive helix loops 22 have been removed, such as by etch 
ing, with hydrofluoric acid, in order to reduce dielectric 
loading caused by close association of glass cylinder 20 
with helix slow-wave structure 22. Where the entire 
glass cylinder 20 is immersed in the etching agent dur 
ing the etching process, the outer surface of cylinder 20 
may be protected against etching by a protective agent 
24 such as a cellulose plastic. Otherwise, it may be suf 
ficient to stopper one end of glass cylinder 20 with a 
stopper of paraffin or cellulose plastic and pour the etch 
ing agent directly into glass cylinder 20. 

Fig. 4 illustrates another embodiment of the present 
invention wherein it is possible to fabricate a slow-wave 
structure of two metals of different conductivity for use 
in traveling-wave tubes wherein it is desired to attenuate 
undesirable frequencies in certain areas or regions along 
the length of the slow-wave structure. Furthermore, a 
metal of low conductivity may be used to provide at 
tenuations for electromagnetic waves which may be re 
flected at the impedance match between the helix and 
the output waveguide. The method is similar to the 
above disclosed method of fabricating a slow-wave struc 
ture of a single metal. 

Feed jar 28 contains a metallic powder suspension of 
one conductivity, such as molydenum, and is equipped 
with a feed tube 32 and a valve 30. Adjacent feed jar 28 
is a feed jar 27 containing a metallic powder suspension 
of a different conductivity, such as platinum, which is 
also equipped with a feed tube 33 and a valve 29. Both 
feed tubes 32 and 33 join feed tube 31 which in turn 
conducts the flow of one or both metallic powder sus 
pensions and discharges the suspension from orifice 34 
for deposit along the length of glass cylinder 20. 

In order to form the slow-wave structure illustrated 
in Fig. 4, the lathe, described in reference to Fig. 1 
may be used. After inserting a glass cylinder 20 in the 
lathe chuck as before, orifice 34 of feed tube 31 is in 
serted in glass cylinder 20. Valve 30 is opened permit 
ting the contents of feed jar 28, such as a platinum sus 
pension, to flow through feed tube 32 into feed tube 31. 
Glass cylinder 20 is rotated without advancing the feed 
tube 31 thereby forming a circular band or ring 35 of the 
metallic powder suspension contained in feed jar 28. 
Since it is desirable to have the transition from one 
metal to another be gradual in order to minimize dele 
terious reflections of electromagnetic waves due to abrupt 
changes in metals, valve 29 is opened without closing 
valve 30 permitting the contents of feed jar 27, such as a 
molydenum suspension, to flow through feed tube 33 into 
feed tube 31 and thereby mix with the contents of feed 
jar 28. Feed tube 31 is then advanced a predetermined 
length while glass cylinder 20 remains stationary, thereby 
forming a longitudinal strip 36 which will consist of a 
mixture of both metallic powder suspensions. At this 
time, valve 30 is closed and glass cylinder 20 rotated 
without moving feed tube 31 to form a circular band 26 
composed of the metallic powder suspension contained in 
feed jar 27, which may be a molydenum suspension. To 
form longitudinal element 25, feed tube 31 is again 
advanced for a predetermined length into glass cylinder 
20 to deposit a longitudinal element 25 also composed, 
for example, of a molydenum powder suspension con 
tained in feed jar 27. To deposit again the metallic 
powder Suspension of the metal contained in feed jar 28, 
and thereby obtain its high conductivity, valve 29 is closed 
and the transition from the metallic powder suspension 
contained in feed iar 27 to the metallic powder sus 
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4 
pension contained in feed jar 28. This procedure may 
be repeated along the length of the slow-wave structure 
to obtain any desired pattern. The glass adjacent the 
fused slow-wave structure is then removed, as by etching, 
to reduce dielectric loading associated with the slow-wave 
structure and tube. - - 

Fig. 5 illustrates a traveling-wave tube 37 embodying 
a contrawound helix or slow-wave structure in accord 
ance with the present invention. Enclosed in the en 
larged left hand portion of envelope 38 is an electron 
gun comprised of a filament 39 connected to a battery 
or voltage source 40 by leads 41 and 42. Filament 39 
heats a cathode 44 thus providing a source of electrons 
which are focused in a beam by a focusing electrode 45 
which may have the shape of a truncated cone. The 
electrons thus emitted and formed into a beam are ac 
celerated by accelerating electrodes 46 and 47 in a con 
ventional manner. Accelerating electrodes 46 and 47 
are connected by leads 48 and 49 respectively to appro 
priate sources of accelerating potential such as different 
taps on a battery 43. 

For purposes of coupling electromagnetic energy to 
the slow-wave structure, the inner conductor of a co 
axial input transmission line 51 is connected to the 
electron gun end of a contrawound helix 50 used for 
propagating electromagnetic waves at an axial veloc 

Envelope 38 which 
supports the contrawound helix 50 and aligns it with the 
electron beam also serves as the evacuated envelope of 
traveling-wave tube 37. The output or collector end of 
contrawound helix 50 is connected to the inner conductor 
of a coaxial output transmission line 52. The electron 
beam is collected by collector electrode 53 which is con 
nected to a positive source of potential such as a battery 
54 for purposes of minimizing the deleterious effects of 
secondarily emitted electrons. As shown in Fig. 5, por 
tions of the inner glass surface 55 of envelope 38 ad 
jacent contrawound helix 50 have been removed, as by 
etching, to reduce dielectric loading associated with the 
contrawound helix and envelope. A matching ferrule 
such as shown at 56 may be provided at the input and 
output ends of the contrawound helix 50. If desired, 
the ferrules may be applied by a metallic powder suspen 
sion in the same manner as is the helix. 

It is seen that there has been disclosed a method of 
manufacturing a variety of slow-wave structures without 
the necessity of precision milling, complex metallic 
stampings, and precision machining techniques requir 
ing great skill and elaborate equipment. The method also 
provides a slow-wave structure wherein the envelope 
serves to support the structure while acting as the evacu 
ated envelope of a traveling-wave tube. The disclosed 
method in addition, eliminates the problem of enclosing 
the slow-wave structure in a separate evacuated envelope 
after manufacture of the slow-wave structure as a special 
step. The problem of aligning the slow-wave structure 
and envelope with the electron stream while maintaining 
critical distances between the slow-wave structure and 
envelope is also eliminated. 
The slow-wave structure manufactured by this method 

has the advantage not only of simplicity, but has the 
important feature of minimum dielectric loading thereby 
increasing traveling-wave tube efficiency by raising the 
power output. The disclosed method also permits the 
manufacture of slow-wave structures of metals of differ 
ent conductivity deposited along predetermined regions 
of the length of the slow-wave structure. 
What is claimed is: 
1. A method of manufacturing a slow-wave structure 

adapted for use in a traveling-wave tube comprising the 
steps of: applying a metallic powder to a limited pre 
determined area of the inner surface of a tube in the 
configuration of a predetermined slow-wave structure; 
fusing the applied metallic powder to said inner surface 
of said tube; and removing a portion of said inner Sur 
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face of said tube adjacent said fused metallic powder, 
thereby to reduce dielectric loading associated with said 
slow-wave structure and tube. 

2. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: applying a metallic powder suspension to a 
limited predetermined area of the inner surface of a 
tube in the configuration of a predetermined slow-wave 
structure, fusing the applied metallic powder suspension 
to said inner surface of said tube, and removing a portion 
of said inner surface of said tube adjacent said fused 
metallic powder, thereby to reduce dielectric loading as 
sociated with said slow-wave structure and tube. 

3. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: applying a metallic powder in a suspension agent 
to a limited predetermined area of the inner surface of 
a tube to provide a predetermined slow-wave structure, 
removing the suspension agent, fusing the applied metal 
lic powder to said inner surface of said tube, and re 
moving a portion of said tube along said inner Surface 
and adjacent said fused metallic powder suspension, 
thereby to reduce dielectric loading associated with said 
slow-wave structure and tube. 

4. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: rotating a cylindrical glass tube about its axis; 
applying a platinum powder in a suspension agent to 
a continuous predetermined area of the inner surface of 
said tube to provide a predetermined slow-wave struc 
ture pattern, removing the suspension agent, fusing the 
applied platinum powder to the inner surface of said 
tube, etching the inner surface of said tube with hydro 
fluoric acid to remove portions of said tube about said 
metallic slow-wave structure, thereby to reduce dielectric 
loading associated with said slow-wave structure and 
cylindrical glass tube. 

5. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: rotating a cylindrical glass tube about its axis, 
applying a platinum powder suspension to a limited area 
of the inner surface of said tube in a contrawound slow 
wave structure pattern, heating said platinum powder 
suspension to simultaneously eliminate the suspension 
agent and fuse said platinum powder to the inner surface 
of said tube, etching the inner surface of said tube with 
hydrofluoric acid to remove portions of said tube about 
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said platinum contrawound slow-wave structure while 
protecting the outer surface of said tube from the action 
of the acid with a cellulose plastic coating, thereby to 
reduce dielectric loading associated with said slow-wave 
structure and tube. 

6. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: rotating a cylindrical glass tube about its axis, 
applying two metallic powders of different conductivity 
in predetermined sequence along the inner surface length 
of said tube in the configuration of a predetermined slow 
wave structure, fusing the two applied metallic powders 
to the inner surface of said tube, thereby forming a slow 
wave structure of a varying conductivity along its length, 
and removing portions of said tube in areas intermediate 
the metallic slow-wave structure, thereby to reduce di 
electric loading associated with said slow-wave structure 
and glass tube. 

7. A method of manufacturing a slow-wave structure 
adapted for use in a traveling-wave tube comprising the 
steps of: rotating a cylindrical glass tube about its axis 
while applying a metallic powder in a suspension agent 
of one conductivity followed in predetermined sequence 
by another metallic powder in a suspension agent of a 
different conductivity to provide a gradual transition from 
one metallic powder to the other in the configuration of 
a predetermined slow-wave structure, removing the sus 
pension agent, fusing the applied metallic powders to said 
inner surface of said tube, etching said inner surface of 
said tube in areas intermediate said metallic slow-wave 
structure, to remove portions of said tube in said areas, 
thereby to reduce dielectric loading associated with said 
slow-wave structure and tube. 
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