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Identificat ion of Engineering Personnel

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, Report s and Confe rences

1. Publications None

2. Lectures None

3. Reports Monthly Status Reports
July 1978 through November 1978

4. Conferences Progress on subject contract . Watkins-
Johnson Company personnel and Mr.
Robert M . True of ERADCOM , Fort
Monmouth , N .3. Held at Watkins-Johnson
Company on 11-13 December 1978.

Program for the Next Internal

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 .

.,.~~
e Q~~_~

_ __ 
,~~~ %

- 
~~~ L

-—

_ _ _ _ _ _ _ _ _ _  

L
~~~~~~~~~~~~~~~~~~~~~~~~



— -—— T ~~~ 
—- - -

~~~
--— ———-—— 

~ - - - . - -_—— -—-..--. ~~~~~~~~~~~~~~~~~~~~~ - -~~~

-
~~~~~~~~~~~

--
~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

$(~~L~RI~~Y ~~~~oj$ ~~~I C A t I O N  OF Y W I S  P~~~G( (~~~ s.’ Os.. .... dI

(/2)REP0RT DOCUMEN~,ATIO$ PAGE I DEPOSE COMPLETING FORM
-I .eaOII.L.J~ tUU ~~‘,I y—* ,ez_..,,.. ~~~~ 

• t A T A L O G  M U M ~~Lfl

~~~~~~~~~~~ 

DE~~~~ fr ~~2958- 1
( ad  ..b’IfI.) i !~~~E Ofr~~t t~~Y & {P s . O D  COVE~~E

t ~~r1annual) ~~~~-
‘

~~~~~~~~~ t~~~~~ i~~~E~~~~ ammer 28 J 0 Nov ‘ 78,

~~~~~ 
.__ 

J/’
~~~~~~~ S —22—4 142R 1 

P I N Y  NUMSE~~(I)
-—-— -n ,— 4.(J& /2 1 _ _ _ _ _ _ _

~
“

~~ ugias B .jk~lark (~~~hn B ./Rettig /~~~ AB97-78-C~~~j 7  ~~~~~~~~

P • c u r o R s W G  O Ø O A N I Z A T t Q N  N A ~~ ( ANO ADD~~tSS t O •UO G~~A M I L E W E N Y  ~~~OJ C C ~~. ASK
A~~E . S .~~K uMLX , NU M SC~~S

Watkins-Johnson Company ,.—‘

3333 Hillview Avenue , Palo Alto , CA 94304 f(~
, 1L1627,~~ 5AH9~jOl.S-1

I,
- 

-

‘ CO NY ~~OL~.IN G oF V I C E  N A M E  AND AOO mES S Li. * S ~~~ **i  -; - 
-

U .S. Army Electronics R&D Command if Mar# ~~79 / ,—
~~~~~Fort Monmouth , New Jersey 07703 “ ..~ , . —i ’-.J~ics ~~

DELET-BS Unclassified J ç~z-.
~4 M ON I ~~O~~I$G A G E N C Y  N A M E  • A OO ~~(SW I ~~~~~~~~~~~~ hss. C~~~~u.flSn 4 OWe.) ti S E C U N I t Y  C L A S S  (of At •  r~~ oM)

/1_ / S.. OECt. A$ S F I C A t O N
SCMEDUL!

t • . ~tsymI•u’Iow si’ Al’EMLN? (•Ithl. ~~I~~s.~ ) 4

Approved for public release ; distribution unlimited.

t7  DI 5? milu t loN ST A ? E ~~CN T  (if II. •A.t, .cS a,1• IA Block 20. If dtff..s. ,f ~~~, ~ .o.,f)

‘5 s Up .LEM(N1Amv N Ot E S

Ii. K E Y  VO~~OS (C.WIflu. s.l P.V0005 lId If n.c... ~~~ ~~~ S~ s.~?SI~’ b~ 
W.cI rn ,b.e)

Electron Beam Semiconductor
EBS Amplifier
Electron Gun
Diode

z~ *ss t~~*ci (Cwflø .s. s., ,..s... •4~~ SI n.0055 y s.,4 1 s.,H& 1~ kiosk si~~k.c)

~~~The objective of this program is to reduce the output power level of spurious
noise signals , intermodulatlon (TM ) products and harmonic distortion generated
by deflection modulated electron beam semiconductor (EBS) amplifiers. Work
accomplished during the report ing period included identification and theoretical
Investigation of causes of nonlinearity and measurements of linearity, noise and
distortion of existing EBS amplifiers. .

~~~~

~ ~~ 1473 t D I ?, O w Or t N O V $~~~~~~

,

~~~~~~~~~~~(

________ - 

~~~~~i TTTI~~~~~~~~~



_____- . .

INSTRUCTIONS FC’I PREPARATION OF RE lORT DOCUMENTA ’ ION PAGE

BISPOMIBI LJTT The co~ troIli~ g DoD oflice silt be YC SpOt’UIbIC for completion of the Report Doe eritst~on Page . DO Foss 1473. 1.
all technical reports p’epos.d by or for DoD organhsaisoils.

CLASSIFICATION Since Ii ,. Report Docwii.niai,om Page . DO Port,, 1473. is used in preparing .nnogncewienta , bIbliographies , and 4.ta
banks. it should be uvtcl.ssif,ed If possible If a c~as~ ifiestsoK is required, identify the cisseified tess on the page by the appeoprists
symbo l

C DoPLITI O P * GUIDE

Gs’ncrsl Make DIet-ks I. 4 . 5 , 6, 7 . I I , 13. It . and It agree with t he  corresponding inferm.tior on the report cover . Less.
Blocks 2 arid .1 blsnk

Block 1 Repori Number Ente r the unique alphanumeric report numiier shown on the cover.

Block 2. Guv.mteont Accession No. Leave Bt.nk. This space a for use by the Defense Documentation Center.

Stock 3 Rei-ip eni’s Cut slog Number J ess e blsn k This space is for the use of the report recipient t o sss is t in future
ret r ievs l oE the’do~wiient.

Bhi.ck.~4. Title and Subt itle Enter the tit le in all capitol letters esac’tly .5 it appears art the publication Titles should be
uiictsi~ ified terteve r possib le Wn te out the E s , 1 s h  equisslent fo r Greek te ller s m d  maihemati cat symbols is, the title (see
“Ab. rr..’mig Sc,eqitrl,, and Technical Report . cit Defence. sponsored RDT~E. AD467 000). If the repo rt his s subtitle , this subtitle
ehou~d follow she main t i t l e , be ss ’pars t ed by a comm. or semicolon if spprop ris te , and be initially capitali zed If s  pub licst ies ham a
title in a foreign language , translate the till. into English snd follow the English tran sl atio n with the t itle iii the orig inul language
Make every effort ic simplif y the title before publication.

BLo,k 5. Type ~f Report and Period Covered. Ind icate here whether report is interim , final. etc. . and , If spplic able, incluSive
d. ,.. of period covered . Such 05 the li fe of a contract covered in s finsl contrscto, report .

f3f~ ck Er Performing Orgenixetsoir Report Number Only numbers other than the cifficisl report number sh ow rt in Block 1, such
as acne. numbers for ir,.house reports or i contrsctor/gr.ntee number assigned by him, wilt be placid in this space. II no such numbers
are used , leav e thu spa ce blank .

BJMc4 7 Author(s), include corresponding inlormstion from the report cover . Give the risme(s) of the author (s) in conventional
order (for esampi, John F Doe or , s( auth or prefe ct . /. Robert Dee) In add it ion , l is t the affif istiori of an sut hor if it di ffers from that
of the performing organ ization .

Stock P Contract or Grant Number(s) For a contractor or grantee report , enter the complete contract or grant number(s) under
which the work reported nsa sccomiplished. L.e.ve blank iii in-house reports.

BIcci 9. Performing Organization II sine and Addreas For in-house reports enter the narrr e and address , including off ice symbol
of the performin~ ac t i v i t y  For contractor or grantee reports enter the name snd sdd re,s of the contfseto r or grantee who prepared the
report and identify the appropriate corporate division, school , laboratory , etc .. of the author. List c ity , state , and ZIP Code.

Bloi k ID. Program Element . Protect , Task Ares , and Work Unit Numbers Enter here the number cede from the applicable
Depart iscrn of Defense form , such at the DO Forte 14Q5 , Research and Technology Work Unit Summary” or the DO Form 1634 .

‘ “Resesrch and Development Planning Summary .” which identifies the peogrsm element, pro)ect , task area , and work unit or equivalent
under which the work was  authorized.

Block 11 Controlling Office Nam, and Addr.st. Enter the lull, official name end address , including office symbol, of the
controlling of f ice  (Equates to funding sponsoring agency. For definition set DoD Di r ec t i ve  S200.70 , “Dis t r ,~~,rron St.c.rnerst, on
Technical Documents. ”,

Block l. Report Date. Enter here th, day, month , and year or month snd year a. show n on t he cover.

Stock 13 Number of Pages Enter the tots! number of pages.

Block ~4 Monitoring Agency Name and Ad drei s (if d,l f,rent f rom Con tro l ling Of f i ce) .  For use when the controlling or funding
of f ice does not dirr~t ly administer a project , contract , or grant , but delegates the administrative responsibility to another organization.

Blocks IS ~ IS. Security Claeaiftcation of the Report~ Declaaal fleat,on ‘Downgrading Schedule of the Report. Enter is, IS
the highest elaaaif icst ioft of the report If spproprtate. enter in ISa the decl asai fica t ioet ‘downgrading Schedule of the report , using the
abbreviations for declasa& fiealion/dOWtigtadrng schedules listed ut  puragreph 4.207 of DoD 5200.1.5.

Block *6 Distribution Statemen t of the Report Insert here the applicable distribution statement of the report from DoD
Directive 5 200.20. “Distribut ion Statements on Technical Documents. ”

Block l Distribution Ststemrnt (cit the .bsfr .e? entered r~ Block 20. if different Iron, the distribution statement of the report).
Insert here the applicable distribution state ment of the abttrsc t from DoD Directive 5200.20. •iDtstrsbution Ststements on Technicsl Doc-
uments ~‘

B:c , ck Ii Supplementary Motei  Enter information not included elsewhere but useful . ;uch as Prepared in Coo perat ion with
TraAi Trtr ”

~
f for b .)  P.esen,ed at confe rence of . To be publielt e ’l in

Block 10 Key Words Select term s or short phrases that identify the principal subjects covered in the report , and sre
suffic ,e r!t t specif ic and prec ise to be used a; indet entries for catalogtng . conforming to standard terminology. The DoD ‘Thesaunia

• of Eng ins er eg arid Scientific l’ erms” (TE~~T At).Er~ 2 000. can be helpful.

Block 20 Abstract . The abstract  should be a brief (not to pureed 200 wo rds) factual sumrrisry of the most significant tnfortsie-
lion eorts ined in the report If possible, the abst rac t  of a classif ied report should be uncla~ suf ied and the abstract to an unclassified
report should con s ist  of publicly . r el eassbt e informa tion f ( the report contains a significant btblsography or literature su rv ey , ment ion
it here F” information on preparing absi r .c t$ see “Abstrscting Scientific and Technical Reports of Defense.Sponsored RDThE.’
*0.1,67 000



~

-- -. 

~~~~

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~
- 2_J~~~L~~~~~~~

-
~~~~~

”
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE OF CONTENTS

Para . No. Description Page

1.0 IN TRODUCTION 1

1. 1 Objective 1
1.2 Technical Approach 1

2.0 PROGRAM SUMMAR Y 1

2.1 Summary of’ Work 1
2.2 Program Schedule 1

3.0 CHARACTERIZATIO N OF EXISTING DEVICE S 4

3. 1 Linearity and IM Products 4
3.2 Noise Power 4
3. 3 Electron Beam Measurements 4

1

4.0 MATHEMATICAL BASIS FOR DESIGN IMPROVEMENTS 10

4.1 Relationship of Beam Shape to Perform ance 10
4.2 Computer Aided Analysis 15

5.0 ELECTRON GUN MODIFICATIONS 16

6.0 PROGRAM FOR THE NEXT REPORTING PERI OD 16

6. 1 Performance Data of Existing EBS Ampli fiers 16
6.2 Electron Beam Analysis 16
6.3 Computer Programs 17
6 .4 Electron Gun Modifications 17

4 !~
J I, ,

,

.~



LIST OF ILLUSTRATIONS

Figure No. Description Page

1.1 Deflect ed Beam EBS Configuration 2
2. 1 Program Milestone Schedule 3
3. 1 Linearity Measurement 5
3.2 Third Order Intermodulation Products 6
3.3 Noise Power Output 7
3.4 Noise with No Input Sign al 8
3.5 Slit Beam Analyzer Array 9
4.1 EBS Target Dimensions and x-y Coordinate Orientation 12
4. 2 Ideal Beam Density Characteristics 13

—‘11— 

~~~~~~~~~~~~~~~~~~~~~~~~~~ —



~~~~
,-.------ -, .

.,- - .,--- --
~~~~

.~~~~~

1.0 INTRODUCTION

1.1 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 .

1.2 Technical Appro ach

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 typ ical values of IM products , spurious noise
and harmonic distortion . The existing electron beam profile will be
characterized using a slit beam analyzer. The EB S performance will
be correlated to the measured beam profile using a mathematical analysis
imp lemented by a computer program . A second computer program will
perform an anal ysis 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-
tort ion . 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

2. 1 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 . Init ial steps were taken toward creating a computer program
which wil l analyze the electron gun geometry to yield a correspondin g
electron beam density profile . Desi gn of parts for an improved metal-
ceramic gun support structure was completed .

2 .2  Program Schedule

Figure 2-1 shows the Program Schedule . Schedule slippages will be
discussed in the applicable sections.
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3.0 C H A R A C T E R I Z A T i ON  OF E X I S T iN G  DEVICES

3. 1 Lineari ty and IM Products

Measurements were performed on deflected beam amplifiers to obtain
data on linea r it~’ . This data will be used as a reference point for
comparison with  data obtained from fu ture  amplifiers having modified ’gun s t ructures .

The device electrode voltage s were adjusted for nearl y optimum l inea r i ty
and were left unchanged dur ing  the measurements .  Fi gure 3-1 show s
t h a t  the  device l inea r i ty  was wi th in  ±1 dB over 8 40 dB dynamic  range .

Fi gure 3- 2 shi .ncs I~ l data  previousl y measured on a deflected beam
EB S amplif ier .  This data was taken Ofl a tube which had a different
cathode and beam size than  the  latest gun used in the  most recent
devices , hence f u r t h e r  data  will  have to be t ak e n .  This  task is Shown
on the  mileston e char t

3.2 Noise Power

Fi gure 3- 3 shows the  flO~ SC power output  as a function of input power
and demonst ra tes  t h a t  the  noise power ou tpu t  t racks  qui te  closely w i t h
input  si gnal levels.  There is l i t t l e  or no var ia t ion in noise power
O u t p u t  across the  operat ing  band of the EB S

Fi gure 3-4 shows the noise ou tpu t  power var iat ion as the  beam current
j~ ~~~~~~ so t h a t  the sa tura ted  ou tpu t  power covers a range of +40 dB m
to + 50 di lm ( 1 0  to 100 w at t s )  . To obtain th i s  c u r v e,  the beam current
was adjus ted  for a given saturated output  power and the input power
was then  removed . The noise ou tpu t  power per 100 k U z b a n d w i d t h
was then  measured at each point and plo t ted .

• 3. 3 Electron Beam Measurements

EB S device l inear i ty  is largely dependent upon the profile of the cur ren t
dens i ty  of the sheet electron beam . An accurate means is required to
measure th i s  profile . A special diode target called a “ slit beam an~il~~zcr ”
show n schematically in Fi gure 3- 5. was prepared for this purpose . The
target contains 10 diodes , each havin g a mettillized top surface wi th  a
narrow slit etched th rough  the metull ization to the act ive diode laye r .
If an electron beam is swept across this array as illustrated , each diode
will respond only to the portion of the beam s t r i k ing  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 .
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A slit bea m analyzer  target was assembled to an electron gun having the
latest confi guration as used for the 60 to 500 M Hz hi gh power EBS
ampli fiers .

The init ial tests indicate that the beam exhibits moderate to severe
distort ion over approxim at ely half the len gth of the target area . As
the focusing electrode potentials  are changed , the nature of the distor-
tio n changes in such a way as to indicate the likelihood of misali gnment
of the gun electrodes , specific ally the third anode . However , a large
var iat ion in photocurrent t.cas obtained from each of the diodes in the
ar r ay .

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 apparen t tha t  a calibration of
the slit beam analyzer array was required before meaning f ul data could
be obtained .

In order to fully calibrate the slit beam analyz er . it is necessary to
obtain data whic }~ shows diode response as a function of beam position
at constant beam density and accelerating potential. Accordingly . two
methods of obta in ing  th i s  data  were invest i gated . The best is the use of
a Scanning Electron Microscope ( S E M ) ;  the other method is to use a pen-
cil beam electron gun of the same type used on high resolution cathode ray
t ubes. B ecause 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 a r r ay .

Beca use of the t ime 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 8S shown on the
miles tone schedule. This will affect correlat ion of measured RF
performance with the measured beam pro file and therefore , will also
affect the evaluation of the various effects of electron gun modifications.

4 .0  MATHEMATICAL BASI S FOR DESIGN IM PROVE M ENTS

4 . 1 Relationshi p 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 amplif ier .

Usua l ly ,  the diode and matching  ciz ’cuit s are treated as the crucial
elements controlling EBS performance . The design s of the diode and
matching circuits are c~rrIed throurh assuming that  some means is
available to perfectly modulate the beam current .  Non linearities and
RF efficiency reductions are then treated as arising only from the diode
and circuit design .

‘
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A more thorough means of anal yzin g the linearity and efficiency of
deflec ted 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 ampl i tude ) ,

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

3. A conside ration for any possible muddling effects at the
ta rget due to velocity differentials in the beam .

I tem (3 )  has been investigated for the L band space amp lifi ers ,  and
is apparent ly of little signi ficance in the UHF band.  The item of most

• import ance . and the one which will be treated here , is ( 2 ) .

The physical  configuration of a deflected beam amplif ier  is shown in
Figure 1-1. Figure 4-1 shows a close-up view of the EBS target wi th
the  dimensions to be used in the following analysis .  The idea] beam
dens i ty  char a cteristic , shown in Figure 4-2, is a two dimen sional step
f unction , described by

3 ( x . v )  = —~~ - , r u (x  -I- d12) — u (x  — d / 2 ) ]  lu Cy  + w / 2 )  — u (y — w / 2 ) 1( 1)
o - d . ’~

This  analysis  will consider deviation s from the  idealized expression ( 1)
in the x direction , the direction of RF modulation .

Refer r ing  to Figure 4-1 , if the center of the electron beam is deflected
some distance x 0 . the amount  intercepted by the i l luminated diode is

3d/2 — x0 4 ))

1(x 0) W .  J J ( X ,  0) dx

d / 2 - x 0

An equivalent form of (2) is

I ( x ) = l k ’f  f ( \ - x ) g ( \ ) d ~~= f * g (3)

—1 1—
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Fi gure 4-1. EBS Target Dimensions and x-y Coordinate Orientation
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Figure 4-2. Ideal Beam Density Characteristic
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where

f ( x )  u(x  — d /2)  —u (x — 3d/2) I @a)

g ( x )  = J(x , 0) . W/I k ( 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 , assumin g that the function g (x )  has
a manageable transform . Alternately , if g (x )  is in tabular form
(such as a Ga ussian profile ), numerical convolution techniques are
applicable . Once I ( x )  is known , one can then use the transformation

4—

x x ( t ) d s i n ( . ~0t )  ( 5)

and a symmetry condition

I ( -x )  I (x )  (6 )

to find 1( t ) .  ( This assumes the driving source deflects the beam a
maximum distance d in one direction.) The Fourier coefficients for
1( t )  are then determined by

1(t) 1
0
+ 

~~ 
I~ sin (n ..0

t) (7)
n 1

f
~~o/2~ 1(t) dt (7a)

1 ~2- 
f 

~~~~~~~~~~~~ 

1(t) sin ( n . 0t )  dt (Tb ) 

. 
:

1
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The power in each harmonic component is proportional to 1~ R~~.where R~ is the real part of the impedance presented to the n th
harmonic by the matching circuit. Assume for simplicity that all of
the R n ’s are equal ; then the beam efficiency may be defined as the
ratio of power in the first harmonic to the total power :

2
— I ’l l• b -‘ (8)

:~~i 2
El

fl 0

Note th a t  the component 10 is not the same as the DC bias current
calculated for target  analysis.  Under  ideal condition s of beam
uniformity  for Class B operation

1 = 0

I I i

A way to visualize the ~unnt ity  I is to th ink of it in terms of a D.C
spillover current under condition9 of no RF drive and wi th  the beam
centered (x = 0) .  There is no similar quiescent analogue for the 2nd
and hi gher harmonics, as t hese depen d on t he nat u re of beam non un ifo rm-
it y .

4 . 2  Computer Aided Analysis

In order to perform rrr id evaluation of desi p~n modificat ions . a computer
program is required . Existing computer programs for prediction of
beam profiles of circular beam guns , such as used in TW T ’s, were not
readily usable in the case of the EBS due to the fact tha t  they were
intended to be used with electrode eonfi c’urations for which the bear”i
occupied a significant fraction of the enclosed volume. Our puns do not
have this characteristic . Accordingly , a new pro~ ram was initiated
which will analyze the beam profile assuming a two dimensional gun

- - geometry which is symmet rical about a plane lyinc’ on the axis of the
gun and parallel to the lonc7 edge of the cathode face .

—1 5-
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5.0 ELECT RON GUN MOD IFICATIONS

In order to provide an electron gun having greater mechanical and electrical
stability , the supporting structure and vacuum envelope of the present gunwas 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.

6.0 PROGRAM FOR THE NE XT REPORTING PERI OD

-
• 6. 1 Performance Data of Exist ing 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 wid t h  of the beam with respect to the spa-
cing between the halves of the diode array determines the operating
point ,  and the  optimum beam widt h for efficiency is not the same as that
for best linearity. Therefore , it is valuable for comparison purposes to
obtain data of intermodu latj on products versus efficiency. The gun4 design can then be modified to bring the optimum linearity and efficiency
operating points closer together . Also , this data must be taken on adevice havin g the longer cathode and larger diode area of the most re-
cent device con figuration .

6.2 Electron Beam Analysis

Characterization of the sl it anal yzer array must be accomplished so tha t
meaningful measurements of electron beam profile can be obtained.
For ‘his purpose , a pencil beam electron gun having hi gh 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 .

- 
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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 .

6.3 Computer Programs

During the next reporting period the computer program for analysis
1 

of beam profile from a given electrode geometry will be completed . A
4 computer anal ysis will then be made of the present gun and the

• resulting calculated beam profile will be compared with beam profile
- measur em en ts of t he same gun .

A second computer progr am exists which gives the value of IM products
1 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 .
I

— . 6.4 Electron Gun Modifications

Using the correlation between measured beam profiles of the present gun
and the beam profiles pr edicted by the gun anal ysis program . proposed
modifications to the electrode geometry will be evaluated for their  effect
on beam profile . This  wi ll form a basi s for actual modifi cations to the
electron gun to obtain a more ideal beam profile.

4
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DR. DEAN A. WA TK[NS, Chairman of the Board and Chief Executive Officer.
Born October 23, 1922 , Omaha, Nebraska. Thi rty-four years
experience. B.S., Iowa State College, 1944; M.S., California
Institute of Technology, 1947; Ph.D ., Stanford UnIversity, 1951.

Dr . Watkins was a co-founder of Watkins-Johnson Company in
1957. His faculty association with Stanford University began in the spring of
1953, when he was appointed Associate Professor of Electrical Engineering.
He was advanced to full professorship in June of 1956 in which he continued
until December of 1963.

Previously, (1951-1953) he was wi th the Research Laboratories
of the Hughes Aircraft Company, Culver City, California , where he designed
and tested the first helix backward—wave oscillator. He later became Head of
the Microwave Tube Department . Early in his career he was a design engineer
for Collins Radio Company, Cedar Rapids , Iowa. He spent a year during 1948-
1949 on the staff of Los Alamos Scientifi c Laboratory .

At the 1957 Western Electronic Show and Convention in San
Francisco (for which he was chairman of the Technical Program Committee),
Dr. Watkins was named recipient of the annual Electronic Achievement Award
of the Seventh Region of the Institute of Radi o Engineers . Thi s honor is given
each year for outstanding contributions to electronic activities in the nine Western
states embraced by the Seventh Region. In 1958 , he was named a Fellow of the
IRE , now the IEEE. He was a director and chairman of the San Francisco Council
of the Western Electronic Manufacturers Association , now American Electronics
Association (AEA). He was a consultant of electron devices to the Director of
Defense Research and Engineering from 1956 to 1966 . He was elected to the
National Academy of Engineering in 1968 . He became a member of the Defense
Orientati on Conference Association in 1973 . He served as Trustee, Stanford
University from 1967 to 1969; and as a Member , Advisory Council of the School
of Engineering at Stanford from 1970 to present . He was appointed a Member of
the Board of Regents of the University of California in 1969, and served as Chair-
man of that board fr om 1972 to 1974 . He has served as a Member of the Board of
Overseers of Hoover Institution on War , Revolution and Peace from 1969 to present;
as a Member, National Security Industrial Association Board of Trustees , 1975
to the present; as Director , California Chamber of Commerce, 1975 to the present,
and Treasurer 1978; as a Member , Santa Clara County Jr . Achievement Advisory
Policy Committee, 1975 to the present ; and as a Member , Board of Trustees of
the U.S. Council of the Internati onal Chamber of Commerce, 1978.
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Dr. Dean A . Watkins (Continued)

- 

He is listed In “Who ’s Who In America ”, Who ’s Who In Finance
and Industry” and “American Men and Women of Science”.

- While a student at Stanford, Dr . Watkins was co—inventor of
the low-noise traveling—wave tube, a development announced In 1952 . He is

- author of numerous technical publications and a book , “Topics In Electro—
- magneti c Theory ”.
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PUBLICATIONS

Dr. Dean A. Watkins,

“The ten—channel electro—static pulse analyzer , “Rev , of Sci . Inst .,
vol . 20 , No. 7; July, 1949.

“Amp lification by acceleration and deceleration of a single—veloc ity
stream , “with L. M. Field , P. K . Tien , Proc. IRE , Vol . 39 , No. 2;
February, 1959.

“Traveling—wave tube noise figure , ” Proc . IRE , vol . 40 , No . 1;
January, 1952 .

The effect of velocity distr ibution in a modulated electron stream , ”
Jour . Appl , Phys., vol. 23, No . 5; May, 1952 .

“Low—noise traveling—wave tubes for X—band , ” Proc . IRE , vol. 41
No. 12; December , 1953.

“Helix impedance measurements using an electron beam , “ with
A . E. Siegm an , Jour . AppI. Phys., vol . 24 , No . 7; July, 1953 .

“Note on helix impedance measurements using an electron beam , ”
with A. E. Siegnian , Jour . Appl. Phys., vol . 25 , No . 1; January,
1954.

“The helix as a backward—wave circuit structure , ” wi th E . A. Ash ,
Jour. AppI . Phys., vol . 25, No. 6; June, 1954 .

“Effect of velocity distribution on travel i ng—wave tube gain , ” with
N. Rynn , Jour . Appi . Phys. , vol . 25 , No . 11: November , 1954.

“Traveling—wave tubes and backward—wave tubes , ” Proc . of the
Symposium on Modern Advances in Microwave Techniques ,
Polytechnic Inst. of Brooklyn; November , 1954 .

“Noise In the tranverse—field traveling—wave tubes , “ with G . Wada ,
K. Amo , Jour. App l. Phys. , vol . 25, No. 12; December , 1954.
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Publications - Dr. Dean A. Watkins, (Continued)

“Helix millimeter—wave tube , ” with W. V . Christensen , Proc .
IRE , vol . 43, No. 1; January, 1955.

“Noise at the potential minimum in the high —frequency diode , ”
Jour . Appi. Phys., vol . 26 , No . 5; May, 1955.

“Backw ard—wave oscillator efficiency, ” with H . W. Grow , Proc .
IRE , vol . 43, pp. 848—856; July, 1955.

- ,

“The practicality of E—type traveling—wave devices , ” with H . Heffner ,
Proc. IRE , vol . 43, No . 8; August , 1955.

“Potent ial minimum noise in the microwave diode , ” with A . E.
Siegm an , Trans. IRE , PG ED, vol . ED—4 , pp. 82—86; January, 1957.

“Density function calculations of noise on an accelerated multivelocity
electron beam , ” with A . E. Siegman , H . C . Hsieh , Jour . Appl.
Phys., vol . 28; 1957 .

“The helitron oscillator , ” with George Wad a, Proc . IRE , vol . 46;
1958.

“Topics in Electromagnetic Theory, ” John Wiley and Sons , Inc .,
New York , N . Y. 1958.

“Reduction of beam noisiness by means of a low—potential drift
region , ” with A . W. Shaw andA .  E. Siegm an , Proc . IRE, vol . 47 ,
pp. 334—335; February, 1959.

“A gun and focusing system for high —peak—power traveling—wave tubes , ”
with D. C. Dow, Trans . IRE , PGED, vol. ED—6 , pp. 106-114;
January, 1959.

“The effect of beam cross—sectional velocity variations on backward—
wave oscillator starting current , ” with N. C . Change , A. W. Shaw ,
Trans . IRE , PGED , vol . ED—6 , No. 4, pp. 437—44 2; October , 1959.
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Publications - Dr. Dean A. Watkln,,~ (Continued)

D. A. Watkins , C. Wada , “Traveling—wave tubes and paramps for
low—noise reception, ” Electronics , vol . 32, No. 49 , pp. 106— 109,
December 4 , 1959.

“Microwave tubes: A fter three decades , ” Electronic Industries ,
pp. J2—J7, June, 1963.
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PATENTS

Dr . Dean A. Watkins Date Patent Number

Patents Issued

Low—noise Travel ing—wave Tubes 23 July 1957 2 ,800 ,602
with L. M. Field

Traveling—wave Tube 8 October 1957 2 , 809,321
(Helix having a stop-band)
with H , R . Johnson

Traveling—wave Tube Automatic Gain 26 June 1956 2 , 752 ,430
Control

) Helitro n Oscillator 18 August 1959 2 , 900 , 558

Microwave Tube 4 November 1958 2 ,859 , 374

Bar—strapped multifilar Helix for 22 August 1961 2 , 997 ,618
Traveling—wave Tube

Reflex Space—harmonic Oscillator 13 January 1959 2 , 896 ,019

Pa tents Applied For Date Filed Serial Number

Plasma—wave Amp li fier 18 December 1952 326 , 632
with C. K. Birdsal l
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DR. H. RICHAIW JOHNSON, President . Born April 26 , 1926 , Jersey City ,
New Jersey . Thirty-two years experience. B.S. E. E. with Distinction,
Cornell University , 1946; Ph. D., Physics , Massachusetts Institute
of Technology, 1952.

Dr. Johnson participated in the founding of Watkins-Johnson Company
In 1957. He has served on panels of the Scientific Advisory Board of the Director
of the National Security Agency . He has been a Lecturer in Electrical Engineering
at Stanford Uriversity and at the University of California in Los Angeles.

From 1952 to 1957, he was employed by the Hughes Aircraft Company ,
Culver City , California , where he performed research and development work in
the fields of traveling-wave and backward-wave oscillator tubes.

From 1946 to 1951 Dr. Johnson attended M. 1. T. under a Research
Laboratory of Electronics Fellowship, His thesis involved microwave spectros-
copy.

Dr. Johnson is the author or co-author of twenty-one publications
and eight patents. He is listed in “Who ’s Who in America”, and “American Men of
Science”, and has received honorable mention in Eta Kappa Nu ‘s “Outstanding
Young Electrical Engineer” awards for 1956. He is a Fellow of the Institute
of Electrical and Electronics Engineers and a member of the National Academy
of Engineering, the American Physical Society and the Association of Old Crows .
He is past chairman of the Los Angeles Professional Group on Electron Devices ,
the Wescon technical program committee and the local United Fund Campaign .
He is past President and Board member of the Stanford Area Council of the Boy
Scouts of America and recipient of the Silver Beaver A’~ard . He was a director
of WEMA and of Volunteers in Technical Assistance.
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PUBLICATIONS

Dr. H, Richard Johnson

“Interaction of electronic states with the rotation spectrum,” w ith
V. V. Gokhale, Phys. Rev., vol. 83, p. 881 (A); A ugust 15, 1951.

“Microwave spectrum of ketene,” w ith M. W. P. Strandberg and J. G.
Ingersoll, Phys. Rev., vol. 82, p. 327 (A); April 15, 1951.

“Resolution and sensitivity of microwave spectrogr aphs , “Phys .
Rev., vol. 85, p. 764 (A); February 15, 1952.

“High—resolution system for microwave spectroscopy, ” Thesis subm.
to M.I.T. in partial fulfillment of requirements for the degree of
Ph.D.; 1951.

“Beam system for reduction of doppler broadening of a microwave
absorption line, “ with M.W.P. Strandberg, Phys. Rev ., vol . 85,
pp. 503—504L ; 1952 .

“Microwave spectrum of ketene, “ with M W . P. Strandberg, J . Chem .
Phys., vol. 20 , pp. 687—695; April , 1952 .

“Broadening of microwave absorption lines by collisions with the cell
walls, ” with M.W.P. -Strandberg, Phys. Rev ., vol . 86 , pp. 811—812;
June 1, 1952

“Electronically tunable traveling—wave tube oscillator , ” with J. R .
Wh innery, Trans. IRE , vol. PGED—2 , pp. 11—35; January, 1953.

A wideband power mixer tube, ” Trans . IRE , Vol. PCED—4; December ,
1953.

“Traveling—wave tube oscillators , ” with J. R . Whinnery, Electronics ,
vol. 26, pp. 177—179; August, 1953.
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Publications — Dr. H. Richard Johnson Cont’d

“Apparatus for microwave spectroscopy, “ with J. R. Eshbach and
M.W.P. Strandberg, Rev. Sci . Instr ., vol. 25 , pp. 776—792 ;
August , 1954.

“Backward—wave oscillators , ” Proc . IRE , vol. 43, pp. 684—697 ;
June , 1955.

“Suppression of backward—wave oscillation by filter helix methods , ” ~ - 
-

with A .E. Siegman , Trans , IRE , vol . ED—2 , pp. 20—31; April 1955.

“Kompfner kip conditions , ” Proc . IRE , vol , 43 , p. 874: July, 1955.

“Wave Propagation on multifilar helices , ” with T. E. Everhart and
A . E. Siegm an, Trans . IRE, vol . ED—3, pp. 18—2 4 ; January 1956.

“Backward—wav e oscillators for the 8,000—18 ,000 megacycle band”,
Trans . IRE , vol. ED—4, pp. 180—184; April, 1957. -

“Oscillateurs ~‘ondes inverses , ” Onde Electrique , vol . 367 ,
pp. 878—879; October, 1957.

“Electron beam technique for measuring circuit velocity and
impedance”, with R .R . Bagi , Institution of Electrical Engineers
Proceedings , vol. 105, part B, supplement no. 12; 1958.

“Microwaves in the space age , ” Trans . IRE , . PG M IL , vol. MIL—4 ,
No. 1, pp. 5—10; January, 1960.

“A satellite microwave telemetry oscillator using travel ing—wave
tube techniques , ” with L.A . Roberts , Conference Proceedings ,
1960 National Convention on Military Electronics, p. 451; June , 1960.

“Electron guns for forming solid beams of high perveance and high
convergence, ” with R. D. Frost and O.T. Purl , Proc. IRE , vol. 50,
pp. 1800—1807; August, 1962.



PAT ENTS

Dr. H. Richard Johnson

Patents Issued Date Patent Number

Transition from Bifilar Helix to Vjavegulde 17 September 1957 2,806,975
for Backward—wave Oscillator

Traveling—wave Tube 8 October 1957 2,809,321
with D. A. Watkins

Traveling—wave Mixer Tube 11 August 1959 2,899,596
(Means for obtaintng large phase shift per
modulating volt)

Backward—wave Oscillator 11 August 1959 2,899,594
(Separating beam and circuit for minimum
fr equency pulling)

Frequency—sweep Circuit for Backward— 21 January 1958 2 ,820 , 901
wave Osc illators
(To generate linear frequency vs. time
characteristics)

Traveling—wave Tube 29 October 1957 2,811,663
(Means for focusing hollow beams)

with G. R. Brewer and C, K. B irdsall

Traveling—wave Tube 14 June 1960 2,941,113
(Elimination of spur ous backward—wave
oscillations through velocity spread in
beam)

Periodically Focused Traveling—wave Tube 23 May 1961 2,985, 792
with D. J .  Bates and 0. T. Purl
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DOUG LA S B. CLARK , Member of the Technical Staff, Tube Division , Devices
Group. Born December 31, 1946, Oakland , California. Nine years
experience. B.S., Electrical Engineering, University of California
at Berkeley , 1969. Graduate studies in Electrical Engineering at
Loyola University of Los Angeles .

M r .  Clark is currently a Project Engineer with the Electron
Bombarded Semiconductors Group . He Is responsible for design and develop- - 

-

ment of state-of—the—art EBS devices .

From February 1974 to May 1977, Mr. Clark was with the Solid
State West Division of Varian Associates in Palo Alto, California. He was
Project Engineer on a variety of developm ent and production projects Involving
Gun diod e amplifiers , YIG—tuned Gunn Oscillators , and bipolar transistor amplifiers .

From June 1969 to February 1974 , Mr. Clark was with the Hughes
Aircraft Company , Electron Dynamics Division , where he was a Member of theTechnical Staff . His responsibilities included that of Project Engineer on state-
of-the-art , dual mode , multi—octave traveling—wave tubes. He also was respon-sible for producti on of high pulse power space tubes.
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JOHN B. RETTIG, Member of the Technical Staff, Tube Division. Born
January 8, 1954, Toledo, Ohio. B.S.E.E., 1977, M.S.E.E.,
1978, Purdue University.

Mr . Rettig is presently working on the development of an EBS space
amplifier for NASA Goddard Research Center that must meet stringent linearity
and efficiency specifications.

Formerly he was a research assistant at Purdue University, engaged
in High Gradient Magnetic Separation studies. This involved experimental qu an-
tization of 3-dimensional buildups of small paramagnetic particles on saturated
ferromagnetic wi res.

Mr. Rettig is a member of Tau Beta Pi and IEEE.
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SA LVA TOR E SPI NELLA, Head, EBS Engineering Section, Tube Division, Devices
• Group. Born May 19, 1943, Panama City, Panama. Eleven years

experience. B.S.E.E., University of California at Berkeley, 1965;
M .S.E .E . ,  San Jose University , 1971.

Mr. ~~inella is currently Head , EBS Engineering Section and is 
V

responsible for the direction of research and development on a variety of Electron
Bombarded Semiconductors including high power RF amplifiers , video amplifiers,
and signal processing components .

From October 1974 until June 1978 , Mr. Spinella was a Member of
the Technical Staff in the EBS Engineering Section with overall responsibility for
setting-up, maintaining, and sustaining the in—house diode facility . He was
engaged in the design , development, and fabrication of EBS diodes for the genera-
tion of high voltage and high current fast rise—time pulses . Mr . Spinella was
responsible for the development of diode processing that results in breakdown
voltages approaching theoretical value s as well as in high yields.

From December 1973 to September 1974, he was Fabrication Manager
at Advanced Micro Devices in charge of manufacturing state—of—the—art bipolar and
MOS integrated circuits .

From March 1973 to December 1973, he was MOS Operations Manager
at Antex In charge of manufacturing electronic watches and calculators.

From March 1970 to March 1973, he was Fabrication Manager at
Advanced Micro Devices in charge of manufacturing state-of—the-art linear and
digita l integrated circuits .

From August 1965 to March 1970, he was at Signetics Corporati on
where he held variou s positi ons ranging from Processing Engineer to Secti on Head
of the Engineering Pilot Line, to Secti on Head of Sustaining Engineering. 

V

Mr. Spinella Is a member of ETA Kappa Nu , and of The Eleetro-
chemical Society .

PUBLICATIONS 
I 

-

“Electron-Bombarded Semiconductor Devices, ” Advances in Electronics and
Electron Physics, Vol. 44, 1977, pp 221—281 , AcademIc Press , with D. J. Bates ,
R. I. Knight and A. Silzars.
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