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FOREWORD

Douglas B. Clark, Project Engineer
Salvatore Spinella, Program Manager
John B. Rettig, Member of Technical Staff

Descriptive Background of Key Personnel

Biographical sketches for each of the key personnel are included in the Appendix.

Publication, Lectures, Reports and Conferences

1.
2.

Program for the Next Internal

Publications
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Reports

Conferences

None
None

Monthly Status Reports
July 1978 through November 1978

Progress on subject contract. Watkins-
Johnson Company personnel and Mr.
Robert M. True of ERADCOM, Fort
Monmouth, N.J. Held at Watkins-Johnson
Company on 11-13 December 1978.

The Program Plan shown in Figure 2-2 and described in Section 6.0 represents
our best estimate of work to be carried out during the next reporting period.
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1.1

1.2

2.1

2.2

1.0 INTRODUCTION

Objective

The program objective is to reduce the output power level of spurious
noise signals, intermodulation (IM) products and harmonic distortion
generated by deflection modulated electron beam semiconductor (EBS)
amplifiers.

Technical Approuach

Figure 1-1 illustrates the configuration of a deflected beam EBS amplifier.
This type of amplifier has been developed by Watkins-Johnson over a
period of several years. Measurements of existing EBS amplifiers will
be made to determine the typical values of IM products, spurious noise
and harmonic distortion. The existing electron beam profile will be
characterized using a slit beam analyzer. The EBS performance will

be correlated to the measured beam profile using a mathematical analysis
implemented by a computer program. A second computer program will
perform an analysis of the expected beam profile generated by the
existing gun geometry and these results will be correlated with the
measured beam profile. Modifications will then be performed on the
electron gun to improve the linearity, IM products and harmonic dis-
tortion, and the re-designed gun will be fabricated and tested on the

beam analyzer. Two devices using the re-designed gun will be fabricated.

tested and delivered as part of this contract.

2.0 PROGRAM SUMMARY

Summary of Work

Work performed during this reporting period included measurement

of IM products, noise power and harmonic distortion of existing EBS
amplifiers. In addition, an existing EBS gun was mounted to a slit
beam analyzer and the beam profile was inspected. Calibration of the
slit beam analyzer to improve the accuracy of this analysis was also
begun. Initial steps were taken toward creating a computer program
which will analyze the electron gun geometry to yield a corresponding
electron beam density profile. Design of parts for an improved metal-
ceramic gun support structure was completed.

Program Schedule

Figure 2-1 shows the Program Schedule. Schedule slippages will be
discussed in the applicable sections.

L il e s e g
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Figure 1-1. Deflected Beam EBS Configuration
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3.1

3.0 CHARACTERIZATION OF EXISTING DEVICES

Linearity and IM Products

Measurements were performed on deflected beam amplifiers to obtain
data on linearity. This data will be used as a reference point for
comparison with data obtained from future amplifiers having modified
gun structures,

The device electrode voltages were adjusted for nearly optimum linearity
and were left unchanged during the measurements. Figure 3-1 shows
that the device linearity was within *1 dB over a 40 dB dynamic range.

Figure 3-2 shows IM data previously measured on a deflected beam
EBS amplifier. This data was taken on a tube which had a different
cathode and beam size than the latest gun used in the most recent
devices, hence further data will have to be taken. This task is shown
on the milestone chart.

Noise Power

Figure 3-3 shows the noise power output as a function of input power
and demonstrates that the noise power output tracks quite closely with
input signal levels. There is little or no variation in noise power
output across the operating band of the EBS.

Figure 3-4 shows the noise output power variation as the beam current
is varied so that the saturated output power covers a range of +40 dBm
to +50 dBm (10 to 100 watts). To obtain this curve. the beam current
was adjusted for a given saturated output power and the input power
was then removed. The noise output power per 100 kHz bandwidth
was then measured at each point and plotted.

Electron Beam Measurements

EBS device linearity is largely dependent upon the profile of the current
density of the sheet electron beam. An accurate means is required to
measure this profile. A special diode target called a “slit beam analyzer"
shown schematically in Figure 3-5, was prepared for this purpose. The
target contains 10 diodes, each having a metallized top surface with a
narrow slit etched through the metallization to the active diode layer.

If an electron beam is swept across this array as illustrated, each diode
will respond only to the portion of the beam striking the narrow slit
area. The current from each of the diodes in the array can be
monitored and a profile of the beam density can be thus obtained.

s i g il
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A slit beam analyzer target was assembled to an electron gun having the
latest configuration as used for the 60 to 500 MHz high power EBS
amplifiers.

The initial tests indicate that the beam exhibits moderate to severe
distortion over approximately half the length of the target area. As
the focusing electrode potentials are changed, the nature of the distor-
tion changes in such a way as to indicate the likelihood of misalignment
of the gun electrodes, specifically the third anode. However, a large
variation in photocurrent was obtained from each of the diodes in the
array.

Because of the inconsistencies of response from diode to diode, it was
suspected that the array itself was not responding uniformly to excita-
tion by the electron beam. It became apparent that a calibration of
the slit beam analyzer array was required before meaningful data could
be obtained.

In order to fully calibrate the slit beam analyzer, it is necessary to
obtain data which shows diode response as a function of beam position
at constant beam density and accelerating potential. Accordingly. two {
methods of obtaining this data were investigated. The best is the use of |
a Scanning Electron Microscope (SEM): the other method is to use a pen-

cil beam electron gun of the same type used on high resolution cathode ray

tubes. Because of the size of the EBS target mount into which the slit

beam analyzer array is brazed, it was not possible to find an SEM capable

of covering the entire surface of the array.

Because of the time which will be required for calibration of the array,
it is expected that the beam profile analysis of the present electron

gun will be slipped in time from November to March as shown on the
milestone schedule. This will affect correlation of measured RF
performance with the measured beam profile and therefore, will also
affect the evaluation of the various effects of electron gun modifications.

4.0 MATHEMATICAL BASIS FOR DESIGN IMPROVEMENTS

4.1 Relationship of Beam Shape to Performance

In an EBS deflected beam RF amplifier, RF device efficiency and linearity

depend on the design of several different components of the amplifier.

Usually, the diode and matching circuits are treated as the crucial

elements controlling EBS performance. The designs of the diode and

matching circuits are carried through assuming that some means is

available to perfectly modulate the beam current. Nonlinearities and -
RF efficiency reductions are then treated as arising only from the diode ;
and circuit design.

_10_




e

Sl

g

o
e e

A more thorough means of analyzing the linearity and efficiency of
deflected beam amplifiers entails a careful analysis of the following beam
parameters, as well as the usual target considerations:

1. The deflection sensitivity of the meander line versus
frequency (and possibly amplitude),

o

The two dimensional beam density characteristic at the
plane of the target under DC conditions, and

3. A consideration for any possible muddling effects at the
target due to velocity differentials in the beam.

Item (3) has been investigated for the L band space amplifiers, and
is apparently of little significance in the UHF band. The item of most
importance, and the one which will be treated here, is (2).

The physical configuration of a deflected beam amplifier is shown in
Figure 1-1. Figure 4-1 shows a close-up view of the EBS target with
the dimensions to be used in the following analysis. The ideal beam
density characteristic, shown in Figure 4-2, is a two dimensional step
function, described by

1
JO(.\:.y) =d_}iw fu(x + d/2) - ulx - d/2)] [uCy + w/2) -u (y - w/2)]1(1)
This analysis will consider deviations from the idealized expression (1)
in the x direction, the direction of RF modulation.

Referring to Figure 4-1, if the center of the electron beam is deflected
some distance X, , the amount intercepted by the illuminated diode is

3d/2 - xo

I(x ) =w. J(x, 0) dx (2)
(0]
d/2 - X,

An equivalent form of (2) is

(S 5]

l(x)=lk-f f(-x) g(\)ydi=f*g (3)
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where

f(x) = %{ ulx - d/2) -u (x - 3d/2) ] 4a)

g(x) =J(x, 0) « w/lk (4b)

For this analysis, assume g (x) is even, i.e.,

g (x) =g (-X) .

Expression (3) is in such a form as can be handled by 2-sided
Laplace transform techniques, assuming that the function g (x) has

a manageable transform. Alternately, if g (x) is in tabular form
(such as a Gaussian profile), numerical convolution techniques are
applicable. Once I (x) is known, one can then use the transformation

x=x(t)=dsin(Aot) (5)
and a symmetry condition

I(-x) =1 (x) (6)
to find I(t). (This assumes the driving source deflects the beam a

maximum distance d in one direction.) The Fourier coefficients for
I(1) are then determined by

It =1+ bW I sin(m . t) &)
n=1
1= % f SE 10 & (Ta)
2 -~
o]
| = o Yo/ 27 10ty si S
f = _TT— ' ( sin (n.. Ot) dt (lb)
-14-
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The power in each harmonic component is proportional to | I | 2Rn.
where R, is the real part of the impedance presented to the nth
harmonic by the matching circuit. Assume for simplicity that all of
the R 's are equal; then the beam efficiency may be defined as the
ratio of power in the first harmonic to the total power:

2
= 4|
b - | 9 (8)

Note that the component 1_is not the same as the DC bias current
calculated for target analysis. Under ideal conditions of beam
uniformity for Class B operation,

A way to visualize the quantity I is to think of it in terms of a D.C.
spillover current under conditiont of no RF drive and with the beam
centered (x = 0). There is no similar quiescent analogue for the 2nd

and higher harmonics, as these depend on the nature of beam nonuniform-
ity.

Computer Aided Analysis

In order to perform renid evaluation of desien modifications. a computer
program is required. Existing computer programs for prediction of
beam profiles of circular beam guns, such as used in TWT's. were not
readily usable in the case of the EBS due to the fact that they were
intended to be used with electrode confirurations for which the beam
occupied a significant fraction of the enclosed volume. Our guns do not
have this characteristic. Accordingly, a new program was initiated
which will analyze the beam profile assuming a two dimensional Fun
feometry which is symmetrical about a plane lying on the axis of the
gun and parallel to the lono edfe of the cathode face.

=¥B-




R e S

5.0 ELECTRON GUN MODIFICATIONS

In order to provide an electron gun having greater mechanical and electrical
stability, the supporting structure and vacuum envelope of the present gun
was re-designed. The new design uses metal-ceramic construction and
entirely eliminates the use of glass. The electrode geometry remains the

same for the first prototype metal-ceramic gun, but can be easily modified
as the program proceeds.

All parts for the new gun have been designed and placed on order.

6.1

6.2

6.0 PROGRAM FOR THE NEXT REPORTING PERIOD

Performance Data of Existing EBS Amplifiers

Additional data must be taken on the existing EBS amplifiers. In the

area of noise measurements, the data must be repeated because the signal
source did not have sufficient spectral purity to prevent the measurements
from being influenced by noise from the source itself.

The intermodulation data is not yet complete because it does not compare
efficiency with the level of intermodulation products. The deflected
beam amplifier runs in a Class AB mode when adjusted for optimum
linearity and efficiency. The width of the beam with respect to the spa-
cing between the halves of the diode array determines the operating
point. and the optimum beam width for efficiency is not the same as that
for best linearity. Therefore, it is valuable for comparison purposes to
obtain data of intermodulation products versus efficiency. The gun
design can then be modified to bring the optimum linearity and efficiency
operating points closer together. Also, this data must be taken on a

device having the longer cathode and larger diode area of the most re-
cent device configuration.

Electron Beam Analysis

Characterization of the slit analyzer array must be accomplished so that
meaningful measurements of electron beam profile can be obtained.
For this purpose, a pencil beam electron gun having high resolution

will be purchased from the Stewart Division of the Watkins-Johnson Company.

The gun will be mounted to the slit analyzer array and the beam will be
swept over the diode array by means of a deflection coil. The current
output by each diode will be recorded and a mapping of the diode sensitivity
versus beam position can be made.

-16-




The slit analyzer will then be used to measure the beam profile of the
standard EBS electron gun used on the same device on which linearity

data was measured. A correlation between beam shape and linearity
can then be made.

TR T——— —— _

6.3 Computer Programs

During the next reporting period the computer program for analysis
of beam profile from a given electrode geometry will be completed. A
computer analysis will then be made of the present gun and the
resulting calculated beam profile will be compared with beam profile
measurements of the same gun.

o S

A second computer program exists which gives the value of IM products
and harmonic distortion for a given beam profile. This program will be
checked for accuracy and then used to correlate the measured IM and
harmonic data with the measured electron beam profile of the present gun.

6.4 Electron Gun Modifications

Using the correlation between measured beam profiles of the present gun
and the beam profiles predicted by the gun analysis program, proposed
modifications to the electrode geometry will be evaluated for their effect
on beam profile. This will form a basis for actual modifications to the
electron gun to obtain a more ideal beam profile.
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