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ABSTRACT

The design, construction and experimental tests of a pulsed,
high-power uhf Crestatron are described. The design procedures
outlined in this report are useful for the construction of Cresta-
trons in general. The data presented shows the operating character-
istics of the Crestatron under small-signal as well as large-signal
conditions. 1In addition some experiments on the harmonic output of
the Crestatron are described.
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THE DESIGN AND CONSTRUCTION OF A HIGH-POWER UHF CRESTATRON

INTRODUCTION

The Crestatron invented same time ago by Rowel is a forward-wave
amplifier which like the backward-wave oscillator operates on a beating-
wave principle. However, there is an important difference between the
operation of these two devices. Since the Crestatron uses a forward
wave the density modulation in the stream and the circuit field producing
this modulation travel in the same direction resulting in an inherently
more efficient type of operation. Typical efficiencies are 20-25 per-
cent compared to 3-5 percent for BWO's and BWA's. The Crestatron is a
device having moderate gain (10-15 db), high efficiency and short length.
In same applications the magnet can be eliminated because of the short
length of the r-f structure.

This report describes the design and comstruction of a high power
uhf Crestatron designed to have a power output of 5-10 kw (pulsed) in
the 300-900 mc frequency range with at least 10 db gain and a minimm
saturation efficiency of 25 percent. Experimental results are presented
for the five tubes which have been built. These tubes are similar
except for minor differences in the construction of the electron gun
which provides a confined flow hollow beam and the length of the r-f
interaction structure. The circuit used in these tubes is a single-filar
bhelix supparted in a glass envelope by sapphire rods. Coupled helices
are used far the input and output transducers.
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PRINCIPIES OF CRESTATRON OPERATION

As mentioned above, the Crestatron operates in the beating-wave
rather than the growing-wave regime. The two beaiing waves in the
Crestatron are the slow space-charge wave and the circuit wave, the fast
wave being negligibly excited. These waves are excited with purely real
amplitudes when the voltage is high enough so that Pierce's growing-wave
parameter X, is zero. At the input the voltage on the r-f structure is
due to the slow space-charge wave Vcl and the circuit wave ch. These
are exactly 180 degrees out of phase and combine to produce the applied
voltage. Farther down stream they add in phase because their propagation
constants are slightly different, typically at a length where CNs = 0,50.

Crestatron gain is primarily a function of Ab, where

o
&b £ b-b o (1)
1
and
u
1 0
b = = == -1 . (2)
C ( ‘>
p

As Ab approaches zero the two waves have nearly the same propagation
constant. Therefore a compromise must be made between length and gain
since the maximum gain increases as Ab approaches zero, while the length
to achieve this high gain increases. Typical values of Ab for 10 db gain
at CNs = 0.50 are around 0.20, As in the traveling-wave amplifier it is
desirable to have a high value of the gain parameter, C, and a low value
of the space-charge parameter, QC, for high efficiency operation. The
gain of the Crestatron can be calculated using the small-signal theory

of the traveling-wave tube. Thus the gain in db is given by



G = 10 log , (3)

(¥

where

=]
A AN TN
\'2 v V1 ?

i=)

8 = BeCz = 2KCNs s

51 = xi + in . (h)

The incremental propagetion constants 51 can be obtained from the
familiar quartic determinantal equation which is a function of C, QC,
and the loss parameter d. Gain vs. distance is plotted in Fig. 1 for
C =0.25, @ =0.25 and b = 3.4 for different values of the loss param-
eter d. It is seen that the gain for short tubes is reduced as loss is
increased. However, for tubes longer than CNs =~ 1.5, the loss has actually
increased the gain over the no loss case. The reason for this is that
while the circuit wave is attenuated at a rate approximately proportional
to d, the slow space~charge wave must grow in amplitude because of its
negative energy; i.e., the beam has less energy in the presence of the
slow space-charge wave than in its absence. At these long ‘lengths the
"growing" slow space-charge wave predominates and produces more gain than
purely beating-wave gain. The fact that X, never goes to zero when loss
is present is another way of seeing that Vc1 grows with distance, although
it should be remembered that this finite x, arises not from close coupling
between the circuit wave and the slow space-charge wave as in the growing-
wave region but simply because loss is present. This type of interaction

at sufficiently high values of d between purely beating-wave gain and
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growing-wave gain might best be described as a beating-wave resistive-

wall amplification.

GENERAL DESIGN CONSIDERATIONS

A brief summary of the approach taken in designing helix-type
Crestatrons follows. The main problem is to keep the relative injection
velocity, b, constant over the frequency range of operation. The quantity
Ab, which determines the maximum Crestatron gain, is then nearly constant
because bx =0 is a slowly varying function of C and QC. To keep b con-
stant requ;res both low dispersion and low impedance veriation across the
frequency band. For wide bandwidths these two requirements usually
necessitate having a helix with a metal shield surrounding it, ordinarily
with a shield-to-helix radii ratio between 1.4 and 2.0.

The first step in the design procedure is to choose a beam power
from the desired r-f power output and the expected efficiency. For most
Crestatrons with hollow beams, 25 percent is a conservative efficiency
to use in this step. Next, a low-frequency value of ka is chosen which,
together with the frequency range, should determine an inside circuit
diameter consistent with current deneity limitations. Fram the beanm
voltage and the fact that 14Cb =~ 1.5 for most Crestatrons with hollow

beams, the low-frequency ya can be calculated using

i
;.:.1+Cb-%gﬁ- (5)

If this value of 7a is in the range 0.5 to 1.0, the approximate vl/c
required can be calculated and a shield-to-helix radii ratio can be

selected in the range of 1.k - 2.0. At this point it 1s necessary to




-6-

estimate the probable DLF, preferably from a tube already constructed in
this frequency range, which uses similar geometry and materials in

supporting the r-f circuit. A trial helix design can be made by using

<

2z L - —DLF (6)
¢ ( cow)sheath (coty )actual
or
p = ?L-% (% . (1)

Now v p/c and 1 + Cb vs. frequency can be calculated for this helix design.
Fram a chosen beum geametry b and C may now be calculated; b should be

around 2.5 to 3.0, depending on the value of QC found from

w 2
1 =
L = E ‘:g ’ (8)
1"'@
where
w w w o
4 . (.a)(.n) - R-P
w @ (/3]
p
and
Yo
w = 1.8% - 10° V—olla , ‘ (9)

where Jo = dec current density and

Vo = d-c beam voltage.

The plasma frequency reduction factor, R, can be found from Branch and
Mihran?, who have presented graphs of R vs. ya for different beam geom-

etries.
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As mentioned previously, Crestatron gain and efficiency depend
primarily upon having the proper injection velocity which results in Ab
being slightly positive. Figure 2 shows b as a function of C for differ-

-0 28 8 function of C with QC as the
1

parameter. This graph greatly facilitates finding Ab for a given u o/vp,

ent values of u o/vp and also b

C and QC, If Ab is not in the range of 0.10 to 0.30 in a first design,
either the voltage or helix pitch must be adjusted to bring Ab into the
aforementioned range. Once Ab, C and Q as a function of frequency are
known, maximum Crestatron gain can be found using Reference l. A length
can be calculated by making CN’ ~ 0.35 at the low-frequency end. Effi-
clency and gain vs. frequency can then be calculated for different drive

levels.

HELIX DESIGN AND COLD TEST MEASUREMENTS

The circuit used in this tube is a single-filar molybdenum helix
supported in a precision-bore Nonex envelope by three sapphire rods. In
the first three tubes comstructed the rods were notched at each helix
turn in order to insure good alignment. It was found, however, that the
rods and helix envelope had a tendency to break during processing of the
tube. Consequently in the last two tubes rods with ground flats were
used. The helix was found to be sufficiently rigid to hold its shape
with this arrangement. Some difficulty was experienced with early helices
which were wound on a stainless steel mandrel. When the helix was fired
the difference in expansion between the molybdenum and stainless steel
caused a permanent spring-out, making it difficult to load the helix into
the glass envelope without breaking the sapphire rods which were required
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to hold the helix in compression. This problem was eliminated by
utilizing a molybdenum mandrel.
The electrical design of the helix follows the method outlined

above. Table I summarizes the final design parameters of the helix.

Table 1

Uhf Helix Parameters

Pitch: 0.250 inch
cot ¥: 9.45
Mean Diameter: 0.752 inch
Wire Diameter: 0.100 inch
Material: Molybdenum
Helix Supports: 0.080-inch sapphire rods

ka at 300 mc: 0.06

The measured phase velocity and DLF for this helix design are
shown in Fig. 3 for an unshielded helix and for a shield-to-helix radii
ratio of 1.5. It is seen that the shield greatly reduces the dispersion
from the unshielded case. Of course the penalty 1s essentially an
increase in tube length because C is lowered approximately 25 percent
at 300 mc and approximately 10 percent at 900 mc. A gradual increase in
phase velocity from 300 to 900 mc may be noted for the shielded helix.
This negative dispersion behavior® results from the dielectric surroundings
producing an effective shunt capacity per unit length which decreases with
increasing frequency. At low frequencies the electric field extends
farther into the dielectric and effectively increases the energy storage

and reduces the helix impedance.
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An interesting fact useful in comparing the shielded and unshielded
sheath helix is shown in Fig. 4, where the ratio of the phase-fo-group
velocities, v vg, is plotted versus ya. It is seen that for an unshielded
helix a ya lower than approximately 0.80 results in a rapid increase in
dispersion because of the rapid rise in vp/vg at this point. The reverse
may be noted for the shielded helix. Of course this property could not
be used for high-power tubes at higher frequencies than perhaps S-band
because the inside dlameter of the structure and beam-power considerations
would not allow the low ya permitted by dispersion considerations. How-
ever, for most uhf and vhf tubes, current density limitations are not
present and for many cases the increased bandwidth resulting from negli-
gible dispersion will compensafe for the reduction in C and the increase
in length, especially for low-gain tubes such as Crestatrons.

It 18 recalled that the phase velocity vp and the group velocity

vE are given by

p T 7&; - 5 (10)
and
Vg = ?r‘g‘ » (ll)

Ayers* has arrived at the frequency bandwidth corresponding to a change

in b (or Ab), which is as follows:

v
an ER -—-‘-rge—b—-— (for constant C) . (12)
o (p. )
Vg

For the Crestatron® the exact change in gain due to a change in
b 18 a complicated function of C, QC, b and CN'. However, a good approxi-

mation to the meximum bandwidth can be made using Eq. 12. For most
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Crestatron designs the gain has dropped about 3 db for Ab = 0.60. Usually
uo/vp % 1.5 for high-C tubes. From Fig. 4 vp/vg =~ 1,10 for a shield-to-

helix radil ratio of 1.5. Thus, for C = 0.25

o 1 (0.25)(0.60) _
w 1.5  [1.10-1.0]

or a 3 to 1 bandwidth. This wide bandwidth is also evident from the gain

vs. distance curves.

HELIX-IMPEDANCE MEASUREMENTS

Experimental measurements using a method described by Lagerstrom®,
where a dielectric rod perturbs mainly the TE fields at the axis of the
helix, were used to measure the helix impedance. A 0.100-inch diameter
sapphire rod was inserted on the axis and the resulting change in phase
was noted by observing the shift in the position of the minimum on a
slotted line in one arm of a phase bridge. The change in the position of
a minimum, Ax, when using a dielectric rod of radius b with dielectric

constant €' is related to the impedance on the axis K (r«0) as follows:

Ax
K (r =0) = <_D—) (ohms) (13)
T (7v)3(e'-1)p, ’ ’

where D 1s the physical length of the slow-wave structure tested and Pe
is a shape factor to account for the finite size of the perturbing rod.

For a hollow-beam tube this impedance may be transformed at r = Ty using

K(ra=r) = K(r=0) 12(yr) . (14)

The above assumes the beam is thin enough so thit the field does not vary

across it. This is nearly true for the hollow beam used in this tube,

B e ——
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which has a thickness of 0.030 inch compared to a mean diameter of 0.507
inch. It was quite difficult to obtain reproducible results because the
VSWR of the couplers used was not sufficiently low for the phase bridge
setup employed in these measurements. Because of this, no experimental
impedance measurements were made for the shielded helix case for which
the VSWR was relatively high. Instead the interaction impedance for the
shielded helix was computed from the experimental data for the unshielded
helix and Reference 7. Figure 5 shows the impedance for the two cases.
Fairly good agreement between the theoretical and measured values was

obtained for the unshielded helix.

HOLLOW-BEAM GUN

A schematic drawing of the hollow-beam guns used in the first two
tubes 1s shown in Fig. 6. The center anode electrode in these tubes was
held by a spoke spot-welded to the inside of the outer anode below the
cathode assembly. Because of assembly difficulties with this method, in
Tube No. 3 the center electrode was held by three 0.005-inch molybdenum
tabs going directly to the outer anode. Figure T shows a picture of the
latter gun, which is identical to the previous guns except for the
different support method for the center anode.

This gun is a conventional, immersed, rectilinear-flow Plerce éun
which was designed to operate with the focus electrodes at cathode poten-
tial. The cathode-anode distance was chosen to give a microperveance per
square of 0.13 and a total microperveance of 5.9. The cathode wes a
Phillips Type B in the first four tubes and a Semicon Type S cathode in

Tube No. 5. The emitting surface is 0.025-inch wide and has a mean
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FIG. 7 UHF HOLLOW-BEAM GUN.
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diameter of 0.507 inch. The electrodes are molybdenum cylinders held by
supports attached to a Vicor disk which can be seen in Fig. 7.

The diode characteristics of the gun used in Tube No. 1 are shown
in Fig. 8. A current of 3 amperes corresponds to a current density of
~ 10 a.mps/cmz. The perveance drops fram 6.5 microperes to 4 microperes
as the voltage is raised from 6 to 10 kv. No evidence of voltage break-

down has been rnoted at voltages up to 10 kv.

AMPLIFIER DESIGN

The electrical parameters resulting from the design procedure
outlined above using the helix and beam described previously are shown

in Tables II and III.

Table II

Summary of Electrical Design Parameters

Design Beam Voltage 6 kv

Design Beam Current = 3.1 amp
Current Density = 10 amps/cm®
Perveance = 5.9 micropervs
ufec = 0.153
Mean Helix Radius = 0.376 inch
Mean Beam Radius = 0.254 inch
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Table III

Operating Parameters of the Uhf Crestatron

Freq.

(me.) 300 LOO 500 600 T00 800 900
ka 0.06 0.08 0.10 0.12 0.1k 0.16 0.18
DLF 0.73 0.76 0.79 0.82 0.82 0.82 0.84
vp/c 0.089 0.089 0.090 ©0.090 0.091 0.092 0.093
ya 0.675 0.895 1.11 1.34 1.55 1.75 1.9k
kr 0.041 0.054 0.067 0.081 0.09% 0.108 0.121
7T, 0.455 0.603 0.7T49 0.900 1.05 1.18 1.31
Impedance
Reduction
Factor:
FaF F_ 0.43 0.4k 0.49 0.53 0.52 0.51 0.51
K( ohms ) 260 182 147 112 81.1 60.8 46.5
R 0.115 0.14 0.16 0.18 0.195 0.21 0.225
mq/m 0.430 0.392 0.358 0.337 0.320 0.29% 0.285
C 0.239 0.228 0.218 0.21% 0.191 0.185 0.179
QC 0.39 0.38 0.36 0.34 0.40 0.39 0.38
b 3.01 3.12 3.21 3.27 3,61 3.66 3.63
bxluo 3.70 3.58 3.40 3.35 3.30 3.28 3.27
AD -0.69 .0.46 -0.19 -0.08 0.31 0.38 0.36
Ns(Interaction
length =
8 inches) 1.33 1.77 2.22 2.66 3.08 3.54 4,00
CN, 0.318 o0.404 0O.484 0.570 0.588 0.647 0.716
Max. Gain
(av) 8.2 10.8 11.2 11.8 6.5 5.5 5.0

It should be pointed out that a slight change in voltage can be
used to raise and optimize the gain vs. frequency curve as well as make

Ab positive everywhere, as will be shown in a later sectionm.
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R-F TRANSITIONS

Early in the development of this project it was planned to use pin
matches in which the coaxial center conductor was connected to the helix
by pins passing through the glass envelope. Experiments using this method
were rather disappointing. Even with a closely spaced shield surrounding
the helix it appeared that the helix impedance at the low-frequency end
was too high to match into a 50-ohm coaxial line. For a shield-to-helix
radii ratio of 1.5 the calculated helix impedance defined on a power-
current basis’ varies from approximately 200 ohms at 300 mc to 125 ohms at
900 mc. By stretching out the last two turns a fairly good match (VSWR
< 2) could be obtained from 500 to 900 mc. :

Because of the marginal performance obtained with this method of
coupling and due to the difficulty experienced in making a vacuum-tight
and mechanically rugged seal between the pin and the glass envelope, it
was decided to try a coupled-helix transition. A series of tests was made
on coupled helices with different TPI's and outer shield diameters. All
couplers had an I.D. = 1.13 inch, which is slightly larger than _the glass
envelope used. They were supported by s closely fitting glass tube
which slid into the brass shield (see Fig. 9). The transition from the
coaxial line to the coupling helix was made through an off-center slot
cut in the end cap which permitted the center conductor of the coax to
be tangential to the helix at the Junction where they were soldered
together. A photograph of the complete coupler carriage is shown in
Fig. 10. ‘

Best results were obtained with a coupler having the dimensions

listed below:
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Table IV

Coupled-Helix Coupler Data

T.P.I.: 2.06
Inside Diameter: 1.135 inch
Wire Diameter: 0.080 inch
Shield Diameter: 1.50 inch
Shield Length: 2-3/8 inches

Turns: 4

Figure 11 shows the VSWR vs. frequency for one coupler with the
main helix terminated in a matched load. The insertion loss due to &
typical coupler is also shown. Throughout the operating range of the
tube (fram 300-900 mc) the insertion loss is less than 1 db per coupler
and the VSWR 18 less than 2 to 1 except for a few points. For the modest
gain of a Crestatron, however, the reflection coefficients at the
couplers can be samewhat higher than for a high-gain tube and still not

cause oscillations. For stability it is necessary to meet the relation

Kr¥e<l , (15)

12

where the k's are the input and output reflection coefficients and G is
the gain of the tube. If G = 10, as it 1s approximately in this tube, it
may be found that the reflection coefficient must be less than 56 percent
for each coupler. This corresponds to a VSWR of 3.5 to 1. From Fig. 11

it may be seen that this criterion is met.
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EXPERIMENTAL RESULTS

The pulser used to power the Crestatron is a line-type modulator.
The pulse forming network furnishes a 4 microsecond pulse into a 50-ohm
transmission line. In order to achleve a better impedance match into the
tube a pulse transformer is employed. The transformer also inverts the
polarity of the pulse so that the cathode may be pulsed negative with
respect to the helix and collector. Tests were run successfully at both
a 250 and 500 pps repetition rate. The beam current transmission and
interception may be monitored using average current meters, while the
peak cathode voltage is measured across a 100 to 1 vacuum capacitor
divider by means of a fast rise-time oscilloscope. A diagram of the
experimental test setup is shown in Fig. 12.

In order to completely drive the Crestatron to saturation, a chain
of uhf tubes is required. The r-f power source is a General Radio oscil-
lator which puts out several hundred milliwatts. This signal is amplified
to several watts in a cw traveling-wave amplifier. The pulsed, 1 kw
driver tube is powered by the cw tube. The output of this tube is used
to drive the Crestatron. Even though the driver is rated at one kilowatt
from 500 to 1000 megacycles, it was found that nearly rated output could
be obtained for frequencies as low as 300. A photograph of the test area
showing all the associated equipment is shown in Fig. 13.

The first three tubes constructed had ar interaction length of 8
inches. Due to the fact that the coupled-helix couplers shorten the
effective interaction length, the helix length was increased to 9 inches.
Although the tubes were thoroughly baked during processing, it was noted

that the vacuum during operation was not very good. Consequently appendage




“dALAS ISHL TVINGWIHIIXA 2T °O1d

SUILIN INWUNI-IOVMNIAY

10190109, oy, spouny S.oc.uou
+ 4+ * +*
..ww.n:.-nwu_w. $ = A_v .‘.r nw .._v La b Jo]] g = ivso
ANIWUND .
au |°° s O vo0z
ov
/+ AOH
=
IVidvA

L]
[
Qq
' u

N R P A i

| ~ —t |

] | L__J

! i ﬁ ¢w:¢ouuz¢ww.5._

L Jr

T Taemr T T T T " ..ﬁu_
¥301A10 C_o!<orﬂm |
!

340280080

|
|
|
|
|
1
|
I - HIOOWL
“ [T
N Fe ro——
3d INOHD WD

AlddnS
¥3M0d
AW

~n
xv0d Bos | v os
|
!
e
HOLVINGON
. [ 3




-28-

*SINANINAIXA NOMIVISTMO JHA HOJ VANV ISAL ¢T 914




-09-

pumps were attached to the later models of the Crestatron. In Fig. 14
may be seen a photograph of one of the completed uhf Crestatrons with a
5 liter/second ion pump attached.

The first tube bullt, designated the Uhf-1, had a poor beam trans-
mission (= 50 percent) and was unstable. Strong forward-wave oscillations
were observed near the band edges at 330 and 920 mc. A peak oscillation
power of approximately 5 kw was observed at these frequencies. Subse-
quently the beam transmission became even lower. When this tube was
opened, it was found that the three spot welds holding the cathode
assembly in place had failed, resulting in a badly tilted cathode.

The Uhf-2 had & much better beam transmission (90 percent) than the
first tube. It was possible to take fairly extensive small-signal data
before this tube failed because of a crack developing in the envelope near
the pump-out stem. Representative amall-signal gain curves as a function
of operating voltage are shown in Fig. 15. The operating frequency in
this case was 650 mc. A maximum gain of 13 db was obtained at a beam
voltage of 8.5 kv for the unshielded case, while 12 db was obtained for
the shielded helix at a beam voltage of 6.5 kv. The square root of the
ratio of these two voltages 1s approximately equal to the ratio of the
two cold phase velocities, as might be expected.

Data taken on the Uhf-3 showed that it had less beam transmission
(75 percent) than the second tube and had a much greater tendency to
oscillate. In order to reduce these oscillations, which seemed to cover
the whole frequency range, it was necessary to add loss. This was done
by wrapping teledeltos paper around the envelope, increasing the cold
loss from 3 to approximately 7 db. The data obtained in that fashion

was found to be quite unmeaningful. Hence the tube was dismantled.
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The fourth tube, designated the Uhf-4, met all design requirements,
even though the beam transmission was not quite as good as that for the
Uhf-2. For higher operating voltages in particular, some low-level
oscillations were observed across the operating frequency band. These
oscillations had a magnitude of only a few tenths of one percent of the
beam power and hence did not interfere with gain measurements even in the
small-signal region. The cathode emission was at its design value so that
3 amperes could be obtained at a voltage of 6 kv. At 8 kv more than 4
amperes of beam current were observed. This resulted in a peak beam power
of greater than 32 kw. With the duty factor set at 0.002, the average
power that had to be dissipated in the collector was 64 watts. Cooling
was achleved by means of an air blast. The cold loss of the helix is
shown in Fig. 16.

Figures 17 and 18 show the small-signal gain curves as a function
of frequency. It may be seen that the small-signal gain is quite flat
over the entire 3 to 1 frequency range. It was not possible to extend the
measurements to lower and higher frequencles due to equipment limitationms,
found particularly in the driver tube. Over the voltage range of 4 to 8
kv the small-signal gain is seen to vary from appraximately 11 to 18 db.
For an operating voltage of 7 kv the velocity parameter b can be shown

to approach bx =0 De&r 750 mc. Thus it may be seen that the transition

fram the growi:g-wave to the beating-wave regime is a smooth one.

The small-signal gain observed on the Uhf-4 is higher than 1s to
be expected from a tube with a simple helix as a slow-wave structure. By
considering the effect of the coupled-helix couplers in conjunction with
the tube helix, it can be shown that an increase in gain is possible due

to a growing-wave interaction in the coupler region even though the tube
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is operating in the beating-wuve regimee. Since each coupler 1s approx-

imately two inches lon,, a substantial portion of the 9-inch long
intersction structure is in reality u system of coupled helices and an
increuse in yuin Ls possible.

The saturution performance of the Uhf-4 is shown in Figs. 19 through
25. Pertlinent operating parameters are listed with each figure. Near
saturation the most efficient operation was obtalned scmewhere in the
vicinity of 5 kv. An inspection of the figures also reveals that most
efficient operation occurs at the low frequency end of the operating band.
A peak power output of 7 kw with 4 or 5 db gain was observed. The maximum
conversion efficiency was 27 percent. It should be pointed out that the
coupler losses which were in the neighborhood of 0.5 to 1.0 db were
corrected for in the data presented. The cold loss of the helix itself,
however, is included in the saturation data. Since the input power, Pi’
to the Crestatron is a substantial portion of the output power, Po’ it 1is
necessary to subtract the input power fram the output power in a compu-
tation of conversion efficiency. The expression used for the determina-

tion of the saturation efficlency is

n, = =1, (16)

where Io and Vo are the beam current and voltage, respectively, and

where Po and P, are adjusted to account for the coupler loss.

i
Since the cathode had to be operated at 1200° C in order to obtain

the beam current densities indicated, the emission dropped off very

markedly before data could be obtained for a shielded helix. Consequently

it was necessary to open up the tube and reprocess it with a new cathode.
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The Uhf-5 had a partially poisoned cathode. 1In spite of this,
fairly complete data was obtained. Gain and saturatlon measurements
were taken for both a shielded as well as an unshielded helix. Due to
the low beam current, which was only approximately one third of the design
value, the gain of the tube was much lower than for the Unhf-4. Figure 2k
shows a comparison between the small-signal gailn of the shielded helix
and the unshielded one. As is to be expected, the tube with a shield
(b/a = 1.5) has a lower gain due to its lower interaction impedance and
lower gain parameter, C. On the other hand the gain curve as & function
of frequency may be seen to be flatter due to the reduced dispersion of
the r-f structure. Since C 1s low for this tube, the saturation effi-
ciency may be expected to also be quite low. Figure 25 confirms this.

Since the tubes investigated have a relatively wide bandwidth, the
harmonic generation would be of considerable interest to a systems
designer. If the input signal is 300 mc, for example, both the second
and third harmonics are within the operating band of the tube and hence
there would be same output at 600 as well as 900 mc. Fram klystron theory
the expression for the harmonic content for a bunched beam is well known
and may be written as

ol

IO

= 2 (mX) (17)

where im and I0 are the mth harmonic current and the d-c current, respec-
tively, while In is the mth order Bessel function, and X is the bunching
parameter. For the first few harmonics and a degree of bunching commonly
encountered in traveling-wave tubes the harmonic content of the bunched
beam is seen to increase with the degree of bunching. Thus a tube oper-

ating near saturation may be expected to put out a considerable amount of
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FIG. 25 SATURATION CHARACTERISTICS FOR THE UHF-5 CRESTATRON
FOR A SHIELDED AND UNSHIELDED HELIX AT 450 XC.

v0 Io 'l-x.

(Volts)  (Amps) c +'y ) (Percent) b/a
k.0 1.15 0.160 0.101 1.85 1.k 1.5
5.0 1.68 0.168 0.116 3.50 6.6 1.5
5.0 1.28 0.2%0 0.086 1.18 15.9 -

6-0 1.” 0'.222 0-059 1.76 1200 «»
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power at the harmonic frequencies. Measurements were taken on the Uhf-5
to substantiate this. The results are shown in Figs. 26 through 28. With
an input power sufficient to drive the tube far into saturation, it may

be seen that the second harmonic output at certain frequencies may only

be approximately 3 db down from the fundamental output power, while under
the same conditions the third harmonic output power may be 12 to 14 db
down. Under small-signal conditions the harmonic content is seen to be
quite small.

Assuming a value of {iil/Io = 1.0, which is reasonable for a
traveling-wave device near saturation, it is possible to compute the har-
monic output from Eq. 17. The ratio of harmonic power to fundamental
power may be related to the current ratios by isz, where Ko is the
interaction impedance at the frequency under consideration. In Fig. 29
the theoretical and experimental curves are shown. The reason for the
discrepancy between the two curves is that space-charge effects do not
allow the bunching in the tube to be ideal. A rectangular bunch, as is

assumed in the theory, is difficult to obtain in practice.

CONCIUSIONS

A high-power, pulsed Crestatron was constructed to operate in the
uhf range. The theory of operation of this device has been presented and
a design procedure outlined. The experimental results obtained from the
tubes built indicate that wideband Crestatron operation is possible at
uhf frequencies using a short r-f structure, 2-4 wavelengths long. A
reasonably flat small-signal gain of approximately 15 db has been obtained

over a 5 to 1 bandwidth. Peak power outputs in excess of 5 kv and
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saturation efficiencies as high as 27 percent were observed. The low-
level oscillations are believed to be due to imperfect coupler matches.
Data showing the harmonic content of the Crestatrons is presented.
The other factors of interest to systems designers such as cross-modula-
tion, intermodulation and phase characteristics are not available from
these tubes due to a lack of adequate test facilities and due to the

low-level oscillations described above.



7.

-51-

LIST OF REFERENCES

Rowe, J. E., "Theory of the Crestatron: A Forward-Wave Amplifier",
Proc. IRE, vol. 47, No. 4, pp. 536-545; April, 1959.

Branch, G., Mihran, T., "Plasma Frequency Reduction Factors in
Electron Beams', Trans. PGED-IRE, vol. ED-2, No. 2, pp. 3-11; April,
1955.

Jones, E. M. T., "A Negative Dispersion Helix Structure", Electron
Research Iaboratory, Stanford University, Tech. Rpt. No. 27, p. 3;
August 7, 1950.

Ayers, W. R., "High Power Applications of the Connected Ring Struc-
ture in Traveling Tubes", Microwave laboratory, Stanford University,
Rpt. No. 554, p. 126; December, 1958.

Rowe, J. E., op. cit., Reference 1.

Lagerstrom, R. P., "Interaction-Impedance Measurements by Perturba-

tion of Traveling Waves", Flectronics Laboratory, Stanford University,

Tech. Rpt. No. 7; February 11, 1957.

Mathers, G., Kino, G., "Same Properties of a Sheath Helix with a
Center Conductor or External Shield", Electronics Research Labora-
tory, Stanford University, Tech. Rpt. No. 65; June 17, 1953.

Yeh, C., "Helix Couplers for Linear-Beam Devices", Trans. PGED-IRE,

VOl. ED-9’ NO- l, pp. 69-75; January’ 1962.



BOIIDA VLLSY U]
oS-ul
oy 1dy Lrepuooag

-.F-u . E“ .

191N
‘oqzy uuy ‘weSigory
jo Ansiaarug) agp

‘A

Z>

O

*PaqiIOsap I8 WONMA) IY) jo IndIno drwom
-1wg Q1 jOo muawiadxa JWOS woyIppe U] °SEONIPROD
[vats-a8ie] s8 [|om ez [vulis-[[vms opun wonmsd)

wop90([00 VLLSV 9

35Ul

‘oN Wy Lrspwodeg
Lo

thiel,]

‘10q1y wwy ‘wsfyyory
jo Ansssarup oyl

"qu] "ehyd g I "qe] "ehyq *2013 ‘I
¥€82-(Z09)0€ AV 10D ‘i a1 jo sonsuawIsyO Funesado sy amoys paiuas #£82-(209)0¢ AV 10D ‘LI wamser) oy1 Jo SNELNINEYD Suymasde oy snoye
€025 W] -aad miwp oy ._-“M-on ui swonwsas) jo uo_.oﬂ_“.u-ﬂoo $0S2SS Yo L jponesead mivp oy -—"&i | SEARNINNI) JO WNROLASEND
‘ wafo. *1 | W 0] [njosn aIw yodal sIq) W; POW[WMO SIM 1s ‘gL8s walong v ‘1] °0 o] [njesm oin o ST W poujIne s
.._n..wmom_ _..Lm._wmhu o_ 9P 341, ‘Paq1I009p 1w Uonwieas) Jyu semod-yiiy ‘pespud siasey _s-olwaw“w 9 l-op oq1, w}} o5 wegwmser)) yy sened-giyy ‘peopnd
nsay ® jo $189) [muswLadxs pws Sopounewod ‘ulisap ayy nse] v jo mee mwwndre pm wepoanewed ‘wijsep syl
PIoD pu® modansEo]) ¢ 1oday payjressiou) P[0 pwe molioans®o]) ¢ 1odoy pegreserou
swonwa “sa(qu *enqq1 [our dyg ‘g9 Suy ‘[ ‘o Wy esasosy swonese ‘soiqe ‘su[t [om d1g ‘T9 Suy ‘[ ‘o) Wy reeseyg
-piswo)) wisa( [vme9) ‘7 | ‘NOMLVISIUD JHN HIMOJ-HOIH V 40 NOLLOAULS | -pisuc) uihsag [miamey Ty NOWLVISIWD AHN WAAOd HOIME V 40 NOLLON
sonwiadg -NOD (NV NOISIA JHL ‘9¥-Z9-HAL-OAVH "oN Wy sotmiadg -NOD NV NOISI] JHL °‘9MW-I-UAL-DAVE “oN ¥y
wneisar) jo sepdowmy | AN ‘98g Jy Ssyju9 ‘19183)) jnemdo[aaa(] N1y smol | woimises) jo saydiomg 1 AN ‘oseg JV swyjun ‘swmer) wswiejeasq fy smsy
wonRIP I VILSY U1 “IA oroe[od YLLSY ¥ ‘A
S-ML N IS-uL
‘oN Wy Aswpuodag - oN iy Lepwodeg ‘A
LD ‘permoy A "L'D ‘peimoy "4l
..uw__.u_z dsap 1w 217 aq jo indino sStuowm ”M_._o_l ‘POQYIINOP 818 WONSW)
‘2 ‘undrgot paquos Tonwme 9t ‘soqiy uuy * oI
2~~..<>.“Hu<uo>mﬂlaoa.“ -1y aq) wo s1uewadxa amos uonIppw U] ‘s@WONIpUCD jo Avissaarup) aqj am jo -Imu-o oml“l.l‘ "4:0-.0-0 3.]0”..”0 !’!ﬁ
‘qu] 'shgq 9914 Il [eudis-a81v] s¥ [[9m Sv [wuFis-[[Pws Jopun UONIMISII) ‘qu-] “shqq coqd Ml L. wvuoua—l.n.ho_uwvloo—clclnm oy wally ——l'l
$€82-(209)0€ AV 0D 1 a2 jo sonsuAIdRIvYY Funwsodo agl smogs pIivasaid ¥£82-(209)0€ 4V W0 ‘11 I°PY ” D oy § h"m!s ) smey
€OELSS 501 wiwp Y] -|wanad Ul SUCNWISIIY) JO UCLIOIISTOD I £0E.SS I9v] vS”o.oB cucov.nﬂo.—.-c -—...3 bt ug’-!u J° BORANGWSD>
‘g155 199foig Ds 4y  -j | 401 Injosn 21w wodas siq a1 pauijino sasnpadosd udisap ‘£255 19loag Dgdv '] . ‘W } 1N ply 9-&2 TR w powy] "1.{. s
sijasay [muemuadxy -y | YL ‘poquOsep i wonisas) jyB samod-giig ‘pasind siosay musmadxy -y | "°F SAL CPOR hl..!_-o - o :-i!x.glq
s189] ® jo 8189 _l.noE_:x_uo pue WCIIONK8TOD ‘udisap EL AR Q18] u“a“us = o P WOPIDATVOD oyl
07) pue uolloniisno . 1oday parjisseioug PIoD PuU® wonoLIIsSWOT) °E o} pogieswion) .
PIeo P ° nno_-!_w ¢ ‘s31qw ‘sayt [our dig ‘z9 Buy ‘[ o Wy wsaiSoay suolie . ‘sorqw ‘waf( om dig .NO. Say ‘1 "o) Wy sessBesg
-piswo) udisaq (w1909 .z | ‘NOMLVLISIUD JHN HAMOL-HOIH ¥V 40 NOLLDNYLS [ropisuo) ulisa( jwoway g NOU.LVLSIUWD 4HN Iﬂlmrn HOIH V 40 IO—.—..OD“B
vonmiad -NOD UNV N9ISIQ 3B1 ‘s¥¥-29-MQL-DAVH "oN Wy soniesadq "NOD NV NOISA FHL 90-39-8Qi-DaVE -ei Wy
wonmsa) jo sajdwuuy | AN '9svg Jy ®9I}}19 ajuen) Wwando(a m( Ny woy | wnwmsa) jo ssjduuyg | AN g 4V "=y J oAeq Y L

G¥Y9 3114 3N%0VLVY




