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ABSTRACT

The design, construction and experimental tests of a pulsed,
high-power uhf Crestatron are described. The design prodedures
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. In 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 some time ago by Rowe' 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 BWOs' and BWA's. The Crestatron is a

device having moderate gain (10-15 db), high efficiency and short length.

Id some applications the magnet can be eliminated because of the short

length of the r-f structure.

This report describes the design and construction 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 minimum

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 gim

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

helix suppoted in a glass envelope by sapphire rods. CoVledJ helices

are used for the inapt and output tranusuers.
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PRINCIPLES OF CRESTATRON OPERATION

As mentioned above, the Crestatron operates in the beating-wave

rather than the growing-wave regime. The two beating 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 xi is zero. At the input the voltage on the r-f structure is

due to the slow space-charge wave V and the circuit wave V . 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 CN _ 0.50.
s

Crestatron gain is primarily a function of Lb, where

Ab = b-b (1)x --0

and

b U .(2 1) .(2)

C v
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 Lb approaches zero, while the length

to achieve this high gain increases. Typical values of Ab for 10 db gain

at CN - 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
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G = 10 log(3

where

e 8 eCZ = 2xCN

i= xi +aY • (Ji)

The incremental propagation constants 5i 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, QC = 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 CN s 1.5, the loss has actuallys

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 V grows with distance, although

it should be remembered that this finite xI 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-
x

stant requires both low dispersion and low impedance variation across the

frequency band. For wide bandwidths these two requirements usually

necessitate having a helix with a metal shield surrounding it, ordinarily
0

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 density limitations. From the beam

voltage and the fact that 1lCb - 1.5 for most Crestatrons with hollow

beams, the low-frequency 7a can be calculated using

- . I+c (5)
Vp

If this value of 7a is in the range 0.5 to 1.0, the approximat. vI/c

required can be calculated and a shield-to-helix radii ratio can be

selected in the range of 1. 4 - 2.0. At this point it to necessary to
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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

V 1 DLF (6)
c2 - (co(6)c (cot#) sheath (cot*)actual

or

,.2sca kaNC).b• (7)
DLB-F 7ýa)

Now v/c and 1 + Cb vs. frequency can be calculated for this helix design.

Fram a chosen beum geometry 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 CO (8)

where

and

wp = 1.83-io 0(

where Jo a d.c current density and

Vo - d-c beam voltage.

The plasm frequency reduction factor, R, can be found froa Branch and

Mihran2, who have presented graphs of R vs. 7& for different beea geon-

etries.



-7-

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-

ent values of u/vp and also bx I0 as a function of C with QC as the

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

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 QC as a function of frequency are

known, maximum Crestatron gain can be found using Reference 1. A length

can be calculated by making CN* a 0.35 at the low-frequency end. Effi-

ciency and gain vs. frequency can then be calculated for different drive

levels.

HELEX DESIGN AND COILD TEST MEASURMMTS

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 constructed 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. Soame difficulty was experienced with early helices

which were wound on a stainless steel mnd1rel. 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 I

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 is essentially an

increase in tube length because C is lowered approximately 25 percent

at 300 mc and approximately 10 percent at 900 mcc. A gradual increase in

phase velocity from 300 to 900 mc may be noted for the shielded helix.

This negative dispersion behavior 3 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-to-group

velocities, v vg, is plotted versus 7a. 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 diameter 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 compensate for the reduction in C and the increase

in length, especially for low-gain tubes such as Crestatrons.

It is recalled that the phase velocity v and the group velocityp

v are given byg

ka
v a ) (10)vp 7,-a (O

and
vg - . ()

Ayers 4 has arrived at the frequency bandwidth corresponding to a change

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

S . C-b (for constant C) . (12)
Su0 O v )

For the Crestatron5 the exact change in gain due to a change in

b is a complicated function of C, QC, b and CN . However, a good approxi-

mation to the maximum bandwidth can be made using Eq. 12. For most
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Crestatron designs the gain has dropped about 3 db for Ab Z 0.60. Usually
u /V p 1.5 for high-C tubes. From Fig. 4 v p/v - 1.10 for a shield-to-

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

LM (o.25)(o.6o) 1
0 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 Lagerstrom8 ,

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, A~x, when using a dielectric rod of radius b with dielectric

constant e' is related to the impedance on the axis K (r=O) as follows:

K (r = 0) - (ohms) , (13)
(7b) 2 (e'-))pe

where D is 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 - ro0 using

K (r - ro) - K (r - 0) 12(yro) . (14)

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

across it. This is nearly true for the hollow beam used in this tube,
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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 is 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 7 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 Pierce gun

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 was 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

S10 amps/cm2 . The perveance drops fron 6.5 ficroperes to 4 uicroper w

as the voltage is raised from 6 to 10 kv. No evidence of voltage break-

down has been Loted 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 Dam Voltage - 6 kv

Design Beam Current - 3.1 amp

Current Density a 10 amps/cm2

Perveance a 5.9 microperve

uOc a 0.153

Mean Belix Radius a 0.376 inch

Wean Doam Rdiu - 0.254 inch
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Table III

Operating Parameters of the Uhf Crestatron

Freq.

(me.) 300 400 500 600 700 800 9oo

ka 0.06 0.08 0.10 0.12 0.14 o.16 o.18

DLF 0.73 0.76 0.79 0.82 0.82 0.82 0.84

V p/C O.089 O.089 0.090 0.090 0.091 0.092 0.093

ya 0.675 0.895 1.11 1.34 1.55 1.75 1.94

kr 0.041 O.054 O.067 O.081 O.094 O.108 o.1210

yr 0.455 0.603 0.749 0.900 1.05 1.18 1.31

Impedance
Reduction
Factor:
F=F F 0.43 0.44 0.49 0.53 0.52 0.51 0.51

1 2

K(ohms) 26o 182 147 112 81.1 60.8 46.5

R 0.115 0.14 o.16 o.18 0.195 0.21 0.225

Wq / 0.430 0.392 0.358 0.337 0.320 0.294 0.285

C 0.239 0.228 0.218 0.214 0.191 0.183 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

b 3.70 3.58 3.40 3.35 3.30 3.28 3.27x1O

Ab -0.69 -0.46 -0.19 -0.08 0.31 0.38 0.36

N (Interaction
length :
8 inches) 1.33 1.77 2.22 2.66 3.08 3.54 4.00

CN 0.318 0.404 0.484 0.570 0.588 0.647 0.716

Max. Gain
(db) 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 section.
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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 7 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. = 1.15 inch, which is slightly larger than.the glass

envelope used. They were supported by a 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: 1.13 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 a

typical coupler is also shown. Throughout the operating range of the

tube (from 300-900 mc) the insertion loss is less than 1 db per coupler

and the VSWR is 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 soaevhat higher than for a high-gain tube and still not

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

k G l, (15)

where the k's are the input and output reflection coefficients and G is

the gain of the tube. If G - 10, as it in 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. U

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 achieve 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 an 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
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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 built, 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 a 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 small-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 is 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 5 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

5 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 achieved 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 frequencies due to equipment limitations,

found particularly in the driver tube. Over the voltage range of 4 to 8

kv the small-signal gain is seen to vary from approximately 11 to 18 db.

For an operating voltage of 7 kv the velocity parameter b can be shown

to approach b near 750 mc. Thus it may be seen that the transition

from the growing-wave to the beating-wave regime is a smooth one.

The small-signal gain observed on the Uhf-4 is higher than is 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 regime8 . Since each coupler is approx-

imately two inches ]on,, a substantial portion of the 9-inch long

interaction structure is in reality a system of coupled helices and an

increase in gain is possible.

The saturation performance of the Uhf-4 is shown in Figs. 19 through

25. Pertinent operating parameters are listed with each figure. Near

saturation the most efficient operation was obtained somewhere 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 po~inted 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, P

to the Crestatron is a substantial portion of the output power, Pa, it is

necessary to subtract the input power from the output power in a compu-

tation of conversion efficiency. The expression used for the determina-

tion of the saturation efficiency is

P 0 - P(

0 0
-Sl j , ( 16 )

where I0 and V0 are the beam current and voltage, respectively, and

where P0 and Pi are adjusted to account for the coupler loss.

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. In spite of this,

fairly complete data was obtained. Gain and saturation 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 Uhf-4. Figure 24

shows a comparison between the small-signal gain 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 a function

of frequency may be seen to be flatter due to the reduced dispersion of

the r-f structure. Since C is 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 some output at 600 as well as 900 mc. From klystron theory

the expression for the harmonic content for a bunched beam is well known

and may be written as

- 2Jm (MX), (17)
0

where i and I are the mth harmonic current and the d-c current, respec-m o

tively, while Jm 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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a 5 KV (UNSHIELDED
2 ARG KV

INPUT POWER, kw

FIG. 25 SATURATION CRAIRACTERISTIC5 FOR TIM UNP-5 CZCSATROK

FOR A 8MWKD AND UNSMIED HEL" AT 450 aC.

V01 0  1M3..
(Volts) (Amps) C Qc b (Percent) b/a

4.0 1.15 o.16o o.0.o 1.85 11.4 1.5
5.0 1.68 o.168 o.116 3.50 6.6 1.5

5.0 1.28 0.230 0.6 1.18 15.9
6.0 1.38 0.. 2 0.049 1.76 12.0 -
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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 i,1/I° a 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 i2 K0 , where K 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.

CONCLUSIONS

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 3 to 1 bandwidth. Peak power outputs in excess of 5 kw 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.
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