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ABSTUCT 

Thl« program ha« tuo nair, otjectlvej.  TS« first it to  deaon- 

8träte the feasibility of an If turn-on. If turn-off, reentrant atrea« 

croaaed-fleld amplifier.  Tha reliability of RP turn-on uaa prevloualy 

baan daaonatratad and during thla reporting parlod, RF turn-off haa 

baan daaonatratad with only dc voltagas app «ad to tha aaplifiar. 

Tha second objactiva of this progr«a ia to Increase tha 

output capability pravloualy demonstrated, under Contract AF 30(6O2)-Uo82, 

by a factor of two. During thla pariod a hot te#t vahicla has baan 

auccaaafully assembled and tha matching transltiona have baan developed. 

ill 
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fkia program effort hat two min objectIvaa.    UM flrte 

objective  (Contract UM It« A001)   le  to dewmtrete  the  fee.lbility 

of • 0 turn-on.   If turn-off,   reentrant  itreea croeeed-fleid  e^Ufler 

to alnlalxe or «lialitfc« in duletlon roqutr—nf.     The eecond objective 

Of thll prograa (Coatrsct Uoa Itea A002)  ie to Increaae the pover 

output capability previously dehnet re ted,  on Contract Af 30(602)-ll062, 
by a factor of two. 

Thl« prograa la a continuation of ARPA eponaorod work begun 

on Contract AT 30(6O2)-l»O62.    Under that contract«  tha 8FD-237 wee 

developed and operated at a  peak power of  1 Hw and an average power of 

10 kw.    Ttia wähle la Incorporated EF turn-on, with IT turn-off accoa- 

plished through the use of a control electrode.    Tha Wf turn-on 

experlaanta perforaad during the laat reporting period dewnatrated the 

feasibility of using a alatilatad dc oparatlon.    To date IT turn-off 

has been deaonatrated reliably with only dc voltages applied to tha 

tube.    The spectral perforaince,  pulse burst operation at very high 

repetition frequencies,  and dynaadc operating range have alto baen 

investigated end found to be very encouraging. 

During the period covered by thl« report, aatching technique* 

have baan developed for tha high power e^llflar.    tha technique« were 

developed using a cold teat veralon of the e^>llflar anode on which tha 

circuit configuration could be eesily altered.    The resultii« information 

wes successfully appliad to a hot test vehicle.    Ttia «etching transitions 

thus obtained provided very good coupling to the slow wave circuit with 

tha capability of oparatlon st the high paak and average powers required, 

tte anode assembly has been completed for the first hot test vehicle. 

fte cathode structure is in the process of belt« constructed. 

So«e delays have baan encountered in the assaably of the cathode struc- 

ture.    Poroua aatarials and defectiwe breses have reaulted in a number 

of "leaky" structures.    The difficulties Lawe been partially corrected 
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and  Maatmbly will  continue. 

A« MflMtle  fl«ld pattern he« been thoroughly exaalned end 

found to be quit« unlfom over  the   Ircerectlon aree. 
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?..0    SEUF-mai OFF 

In the preceding report (»UX:-Tt-68-l22, AS 830 U6k),  the 

operation of a 4c operated croseed-fleld eapllfier with IF tttrn oa 

and IP torn off «aa reported.    The V t«m off «aa aceo^liahed br 

applying a bias voltage between the blaa electrode and cathode.    Thia 

bUa voltage waa in the form of a  long voltage pulse which overlapped 

the IP pulae and thereby alaulated a dc blaa voltage.    Thia aaaa 

amplifier has now been operated vlth only dc voltages applied,  thereby 

elladnatlng the need  for a pulse wodulator. 

The connection of the aapllfler and Ita dc power supply for 

thia type of operation la  shown schematically la Figure   1.    The anode 

and cathode are connected across the principal energy storage aystea 

of the dc power  supply whlle the blaa electrode la connected acroas 

part of that voltage.    The ald-polnt of voltage In our present  experi- 

ments Is a convenient value to apply to the blaa electrode, but  It la 

expected that subsequent experiments and dealgaa will permit  the 

application of  lower cathode-to-blaa electrode voltage to achieve the 
same   result. 

The technique  for operating the  self-modulated eapllfier 

under these coodltlona  la  simply to apply full operating voltage and 

full blaa electrode voltage before applying IP drive.    Upon the appli- 

cation of IP drive  normal   amplification and  se1f-modulation occurs. 

Figure 2 shows the envelope of the RF drive pulae be'ng delivered to 

the amplifier (lower trace) on a tine base of  I j.sec per cm.    The 

envelope of the amplifier IP output la shown aa the upper trece.    The 

operating conditions shown for this aoclllogrem and  those to follow 
are approximately: 
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FIGURE   1     SCHEMATIC OF BIAS ELECTIODE CUCUIT COBMSCTION 
DI SiLF-MODULATED AMPLIFIEl 

This aimplltiM circuit dUfm «hova  the  connection of • 
■ elf-«oduUted  CFA  to  the  dc  pover  eupply.     UM biet  electrode 
operete«   ttcm m portion of  the   L.anefoneer  eecoodery.     Our 
proeoat exp«rl»ent« utilise a troaaforaar center top giving 
A UM voltage   equal   to half anode-cathodo  voltage.     Thia 
value  la  expected  to  bocoaa  lovor a a worl: with  thil  technlqu» 
proceeda. 
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FIGURE 2 RF ENVELOPE OP AMPLIPIED  PULSE UNDER 
SELF-MOTUIATION CONDITIONS 

The  lower  trace «howi  the RF envelope of  the drive 
pulie applied  to  the amplifier operating  «olely  from 
a dc aource.    The  time icale  it   1 uaec/cm.     The  upper 
trace   if  the envelope of  the RP output at  500 kw peak. 
The   leading edge   ripple« are video effect«  produced by 
the external  circuit«.    Note  that   the RF  output  follow« 
the RF  input aa  it  ri«e« and  fall«.     The amplifier  i« 
non-linear but  ha«  dynamic  range.     Gain  under  the«e 
condition«  i« more   than 8 db. 



S-F-D   labomtori*,. inc. 

Duty factor 0.00I 

Pulse Width 5 luce 

PRP 200 pulses per second 

Op«rttlng Voltag« 21.5 hv dc 

mm yoitag« u kv dc 

P««k Output Power      500 km 

0«i*> 8 to 10 db 

Both RP input and IF output detectors are broad bended so that rpurious 

outputs, if present, would be detected. 

Plguro 3 shows the IF envelope of the Mplified output pulse 

(upper trace) end the cathode current pulse (lower trace). The close 

•ialUrity of the shape of these pulses ia apparent. Note particularly 

that the cathode current and the RF output cease at the seme time 

Thia ia a aore positive indicator that the aaplifier has turned off 

than the cessation of the IF output alone.  It is possible for aapll- 

flera of this type to continue to operate and draw cathode current 

without necessarily generating, in the output waveguide ayatea, an 

eaally aMaurable aaount of power. Thia can occur through the excita- 

tion of spurious «odea on the internal structure which are not coupled 

£o the output aystea. The absence of cathode current, however, indicates 

the absence of thia type of interaction when the IF drive la reaoved. 

Figure k  shovs the three peraaetera of input, output and 

cathode current on the »am  dlap lay. 

2.1 Self-aodulation PerforMnce 

After the deaonatration of reliable self-aoduleted operation, 

the perforaar-..- of the aaplifler under these conditions waa examined 

in a mmtmr  of ways for possible llaltatlona. Firat, the IF drive 

signal wea tuxnsd over the entire 5.1» sie to 5.9 GHE frequency range 

*S the SFD-237 and the self-aodnletien waa shown to be co^letely 

Insensitive to frequency. Any variations In performance which were 



■ 

im  . mmm 

S'F-D   labomtori*», ine. 

FIGURE 3   RF ENVELOPE AND CATHODE CURRENT PULSE 
UNDER SELF-MODULATION CONDITIONS 

The upper trace Is the RF output at 500 kw. The lower 
trace is the cathode current of about 60 amps peak. 
The ripples on the leading edges are video effects 
caused by external circuitry.  Power output and current 
appear directly proportional.  The cessation of cathode 
current at the end of the RF pulse is the most direct 
evidence that the amplifier has turned off and Is no 
longer operating  in any unusual mode.  The RF detector 
used is broad band to show spurious output if it 
occurred. 
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FIGURE k        RF INPUT, RF OUTPUT AND CATIWDE CURRENT 
PULSES UNDER SELF-MODULATION CONDITIONS 

This photograph di»pUy« the three most pertinent para- 
meters together during self-moduleted operation et 500 kv 
output. Leading edge ripplce in the current and RF 
output pulses are caused by power supply inductance. 
This producea a current ripple which then produces a 
ripple in the RF output.  The absence of current follow- 
ing the end of the RF drive pulse is evidence of the 
turn off of the tube. 
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ob..rv.d -r. .ccounubl. fro. .ourc. oth.r tha« th. ..lf-«<h.UtloB 

technlq-ur. . 

Second,  th. IP driv. 1^.1 »,. v.rlÄ, o^,, , „^^ of about 

7 db without prodtsclng lii.t.billt. In th« output of th« ^.llfier 

Tha v.ri.tlon l„ driw« r.ng.d frc. 3 db b«low th« no».!  1^.1 of 
^ kw to 1» db .bo^. it.    Th. mlitimt „ mi9mm wag not  ^^ ^ 

thin v.rl.tlon In drlv. ^litud..    for ..ch db T.rl.tion In HP driv. 

1*9.1,  th« output power ctovgrt by .ppro,l«t.ly 0.7 db. 

Third,  th. Tolfg. 1^.1 mmim6 to th# ^^^ ^ wltd 

in ord.r to produc. cthod. curr.nt y.rl.tlon^.    Th. «plifUr wa8 

.t.bl. for .11 wolfg. l^.l. f^. th. H.rtr.. volt... out to th.t uhlch 
producd «.1«. ^.lubu cxirrmnt (th€ wmxlmm ^^ booadwy) 

Thl. corr..pond.d to p«k cthod. curr.nt  l.v.1. of .pproxl»t.ly 

100 «p«r...    ihl. «^«rl«nt v«rlfl«d th.t th« «If^odul.tion .ff.ct 

1. not volt.g. ..„.itlv. .nd could b. u..d for . r.ng. of pov«r output 
■nd gain levels. 

Fourth,   th. .t.rting Jltt.r w. •*,*„* on thl. flr.t .xp.rl- 

«nt.l v.hlcl. to .a, if th. «cl.t.nc. of volt.g. on th. bl.. .l.ctrod. 

product unu.u.1 b.h^lor during .t.rting.     Th. jltt.r w..  found to b. 

.qu.1 to or  I... th.n k n..c uhlch v. fr.I,  .^cUlly for thl.  fir.t 
v«hlcl«,   to b« quit« «n acceptable v.iu«. 

2.2    Sp.ctr.1 Pat. 

Following th..a .xp.ri«nt. th. r.latlv. purity of ^.Ufic.- 
tion w.. .„»I«.«,  to d.tWMlB, ^^ .^ bailc ^^ ^ ^^ 

P«rfo«nc. w.. r.qulr.d in ord.r to achi.v. th« .«If^odulation      Th« 

pul.. .p.ctru. of th. KP driv. .ourc. w. photogr.ph.d fro. . .p.ctn, 
.n.lyW dl.pl.y With . ^ctnm width of mitpro%iwmtmly ^ ^ ^ 

dWLion .nd . v.rtlci ..witlvity of  10 db par divi.ion (  .  ,og.. 

rlttadc dl^Uy).    Th. driv.r .p.ctru. 1. .hown in Pigur. 5.    The 

••ymry of th. driy.r .p.ctru. 1. c.u..d by fr.qu.ncy «Hlul.tion 

fro. th. finlt. rl.. .nd f.U ti« of th. volt.g. pul.. b.ing .ppU.d 
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riGUll  5 SPECTRUM Of  IF WPUT PULSE  TO 
SSLP-MODUtATED AMPLIP1BR 

A drive puUe of 5 ^»mc li used.    Tht spectrua «h^n 
here 1« on «  logerlt»»ic diipUy «1th a vertical 
■eneitivity of 10 db/em.    The drive pulee epectn« hae 
better then 10 db eide  lobe ratio.    The eeyenetry of 
the epectrua ie cauaed by frequency aoduUtion of  the 
■egnetron uaed to generate  the pul.e.    The «pectna la 
dlitorted fro« the «ore well-know magnetron epectrua 
•hapa becauae of the  logarlth-lc dl.pley.    The epectru« 
•idth ie epproxiaetely 300 kHa/c«. 

10 
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to the drlvtr magnetron and the pushing fIgura of that aagnatron. 

Navarthale.a, tha drlva pulaa haa a 10 db or battar alda lobe ratio. 

Figure 6 shows tha pulaa apectna of the amplified IF output. A. far 

aa can be discerned fro. these photographs there la no spectrum 

distortion produced by the aaIf-Modulation process. 

Broad band spectrum data were also obtained to e «mine the 

poa-lble generation of unwanted apurlou« output by the aelf-Modulatlon 

process. These broad band data were obtained In several different 

ways. The meaaurements were made ualng a Hewlett Package 855IB spectrum 

annlyEer and a Hewlett Packard BkklA  preselector. The differences In 

the data to be presented are the reault of either the selection of 

different spectrum widths or the selection of different IF bandwldths. 

The 8551B analyzer haa an "automatic" IF bandwidth selector through 

which the IF bendwldth Is determined by the sweep speed and spectrum 

width which have been selected. The IF bandwidth may alao be aelected 

at fixed values such as 100 kHz or l Mb. According to the manufac- 

turer'a Inatructlona, the IF bandwidth which the analyter would select 

on "automatic" In Figures 7 and 8 Is 100 kHz. 

The amplifier was operated at 5.6 GHz and a number of spectra 

were photographed. Figure 7A shows the spectrum of the RF drive pulse 

to the a^llfier displayed over I GHt. -Hie spectrum width Is 100 MH«/cm 

and the vertical sensitivity Is 10 db/cm.  This spectrum would reveal 

the generetlon of any spurious power by the RF drive. Figure 7B shows 

the spectrum of the RF output fee« the a^llfler under the same analyter 

condltlona. The IF bandwidth for both Figures 7A and 7B Is "automatic" 

and Is selected by the analyser according to the combination of spectrum 
width (1 GH«) and ^..p .p^ (i| 5 ,ec/cil) ^^ ^ ^ ^ ^ 

display. 

Figure. 8A and 8B are similar apectra except over a apectrum 

width of 2 GH« alao with the IF bandwidth on "automatic". For thla 

display the aweep speed was aelected et 7.5 sec/cm. 

11 
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FICiai 6        SPECTRUM OT IF OUTPUT PULSE FROM 
SELF-HODUIATED AMPLIFIER 

This «pcctrua photograph vaa aade with  the  ■ane «aalyttr 
■ ettltigi   ••   used   In Figur*  J.    A  comparison  of   the   two 
flgunt «111 «how the gain of  the aapllfitr to  be 8 db 
to  10 db.     Rot«   that   the  side   lob«  ratio of   the  »pectrum 
it atill  10 db or aore and that  the Many tide  lobet 
vl.lble An •till  clearly  defined.     In both  figurea 
there ia an aaplitud« decay of about 22 db fro« the nin 
loba  to  the   laft hand edge of   the  display.    Tha amp 11- 
ficatlon  producea  no apparent ipectrua distortion. 

12 
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A.     1 GHz  »pectrum of  RF drive   pulse 

B.     1 GHz ipectrua of  RF output  pulse  fro« aelf-aoduUted Mipllfler 

FIGURE 7 1 GHz SPECTRA USING   100 kHz   BANDWIDTH 

"Hie  «pectruo analyzer uaing  100 kHz  bandwidth  ahows  apurioua 
output »ore  than U0 db below carrier.    Self-nodulation  produces 
no apurlous outputs,   indicating the  turn off  ia coaplete. 

13 
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A.    2 GHz  spectrum of RF drive  puls« 

I.    2 GHs Bptctrxm of »F output  pul««  fro« ielf-aodulated amplifier 

FlCUn 8 2 GHt SPECTIA V&im  100 kftt   »JfflWIDTH 

bro«d «pectrua width uacd her« rtducet  the  lnt«n«lty of 
thfc carrier on the »pectrua dltpUy.    The carrier peak In tha 
top picture  U  50 dli above the  bete   UM;  io tha bottoa picture 
«bout 58 db «beve  tht  bese  line.    Spurious outputs uslot  100 
kHs bandwidth «r« 1»5 db or aore below th«  c«rrler. 
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A third .p«ctr« display «•« obtained by wUctit« ■ fixed 

I MHr IF bandwidth und « apectnai width of 2 CB«. Figores 9k and 9B 

«how the apeetra of the IF drive and RF output reapeetiwely fro. the 

«eplifier. The sweep »peed here la alao 7.5 aec/c-. Froa thia value 

It follows that the background apurioua output power in Figure 9 would 

be approxinately 10 db higher because the bandwidth of integration in 

the analyzer la 10 db higher. Even with a 1 Mle IF bandwidth, however, 

the apurioua output la clearly more  than 30 db below the algnal over 

the 2 GHs spec trim width. 

These results show that no degradation In apeetra1 output la 

cauaed by the Introduction of the blaa electrode. 

2.3 Pulae Burat Operation 

Slnoe one of the principal advantages of co^>leteIy self- 

■odulated operation over control electrode operation would manifest 

itaelf in condltlona of either very high pulae repetition frequency 

(F1F) operation or under condition« of variable pulae width or Inter- 

pulae Interval, aow experlwnta were conducted to explore any poaalble 

limitation« of aelf-modulatlon In thia regard. The dealgn of the 

experiments waa limited in ita complexity by available Met equip«.«, 

but the reaulta demonstrate clearly that aelf-«wlulatlon la indeed 

applicable to high FRF ayatema and will operate quite aucceaafuily with 

variable Intarpulae interval.. To »ho« thia the amplifier was driven 

by a group of three pulses with an Intarpulae «pacing which wa. variable 

from a few microaeconda upward. Bach of the three pul.es wa. approxi- 

mately 2 uaec long and the three-pulae group waa repeated at a rate of 

100 groups per second.  In thia particular demonstration, the driver 

magnetron waa operated from a hard tube modulator.  Shown In Figure 10 

are the detected IF envelope« of the amplified three-pulae group. In 

thia photograph the interpulae period la approximately 15 Maec. During 

the experiment the Intarpulae Interval could be manually varied at 

random with no 111 affect. 

15 
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A.    2 GH« «pectruB of 81 drive  pulae 

B.    2 GHz tpcccrua of If output pul«« fro« idlf-aoduUted tapllfler 

riCUB 9        2 GHz  SFECTIU USING  1 mz   BANDWIDTH 

Tht««  bro«d  band  spectra were  made  using a   1 MHz   bandwidth. 
Spurious outputs now «ppcar to be about 35 db below the carrUr 
reflecting  the  10 db increase in IF bandwidth used here. 
Figures 8A and 8B were wade using a  100 kH« bandwidth and 
showed 45 db spurious outputs.    Self-modulation produces no 
spurious outputs,  indicating that turn off is cowplete. 

1 
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FICÜÄI  10 RF  niVlLOPB OF A THREE-PULSE   BURST USJ.MC 
SILF-MDOULATED AMPLIFIER 

UM matt dlCficult HoduUcion problem ordinarily arisea 
•tth pulsa  bunt operation.    Thia ilmple  illuatracion of 
a  chrce-pulaa f.urat  showa  chat a aalf-iaodulatad aaplificr 
can aatlafy Cliaaa requirements.    Three 2 (iiac pulaas ara 
•aparatad by nbout  1$ ^acc each,   Indicating an intra- 
burat repetition rate of 65 kHz.    The  pulse« have clean 
and distinct   leading and  trailing  edge«. 

17 
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In an effort to ■laulata at high an lotra-burat repetition 

rate a« poealble, the Interpulse spacing of tha three-pulse burst «at 

reduced to tha limit of tha taat equipwant, about 1.5 ptac. Under thata 

condltlona aosa ioadequaclea of tha taat equipawnt bacase evident.  The 

RF drive source In Figure 11 la generating tha pulse train shown on tha 

bottom trace at 1 paec/c«.  Tha pulse shapes unfortunately are dittortad 

by voltage droop on tha energy storage capacity of tha hard tube Modu- 

lator during tha burst. This droop produces both tha amplitude change 

and the pulse shape change. Uta self-modulated amplifier output in tha 

top trace, however, accurately reproducea both the amplitude change and 

tha pulse shap« change. Here the self-modulation process ahowt ittalf 

capable of 300 kHs intra-burst repetition rates. Tha lower intensity 

of tha amplifier output trace It attributable to the higher writing 

apaad of the oacllloacopa under thata conditions. Tha amplifier atarta 

and atopt reliably. 

2.k   faadthronah 

In addition to making possible tha talf-nodulatlon process 

Itself, tha biaa electrode could, if required, be given tn additional 

positive voltage pulse which could prevent tha aapliflar from turning 

on at all in order to permit tha feed through of RF drive power.  This 

type of oparation would ba quite impossible with linear fomt distri- 

buted emission amplifiara. There appears, therefore, to ba no appli- 

cation of which wa are awara for which tha aaIf-modulation process for 

a reentrant tuba cannot be adapted to advantage. 

2.5 Ifficiancv 

What thun it tha price which aunt ba paid for thlt successful 

self-modulation process? Tha principal area in which overall perfor- 

mance appaart to ba different from that of tha usual SFD-237 it in 

overall efficiency.  In tha self-modulated «yllflar with a biat 

electrode, itt efficiency hat to ba redefined to account for some power 

F 
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FIGURE   11 RF  ENVELOPE OF DRIVE  PULSE   (LOWER TRACE) 
AND OUTPUT PULSE  (UPPER TRACE)  FOR A 
THREE  PULSE  BURST FROM SELF-MODULATED 
AMPLIFIER 

Theie  pulse«,   on a   1 n«ec/cm time   base,  show the capa- 
bility  of   the  self-modulation  process   to aaplify with 
300 kHz  repetition rate».    The amplitude and  pulse shape 
changes of  the RF drive pulse,  produced by a capacitor's 
voltage droop,  are  reproduced accurately by  the CFA. 
Differences  in trace intenaities are caused by differences 
in oscilloscope writing speed. 
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which i« consuMd by the bias electrode  Itielf.     Sine« th« bin« elac- 

trod« op«r«tas at a potential poeltlve with raapaet to cathode,  it 

bacoasa a collector of current during the pulaa.    Thar« are  then two 

coaponanta of collected currant,  th« biaa electrode currant and the 

anode currant,  which sake up tha bulk of power  loat  in the a«plifier 

(the  reaaInder Of which la cathode back howhimiaaiU. power and circuit 

loaaaa).    On« can define an anode efficiency,  r\a,  »a 

p_ 
W m       a i 

"dc a 

where Po ia the peak output power 

K  ia the anode-cathode voltage 

ia ia the peak anode current 

I efficiency, V 

•■ 

x' "SS+ s.1». 
where I   ia tha peak bia« eiactrode current 

1^ ia tha biaa electrode voltage 

1 another overall efficiency can be defined by uslag total cathode 

current and «node-cathode voltage.  Thia yielde tha lowett efficiency 

value but ia elightly paaaladatie.) 

Obaervetiona on tha firat 
. 

I vehicle indicate en 

anoda efficiency of approsiaataly 30^ and an overall efficiency of 

•Pproxieetely  35<t.     The deviation of these values fro« the nore of 50^ 

for the sn-2JJ ia not believed to be an ecettrata gauge of the decrease 

in efficiency resulting  fro« the self-turn off process.     Tha psrticulsr 

esperlaantal vehicle used did not operate aa a noraal control electrode 

tobe, at full 500 efficiency and could be considered below par in that 

It la believed that UM reduced efficiency ia a result of a 

20 
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• light ilttmriicm In th« cthod. •tructur. u.ed for control electrod. 

oporatlon.    A control «sp«riMnt «•• pmrtortmd hy rtbuiWli* th« t««t 

v«hlcU M ■ control el.ctrod« tub«.    Tho .fflcloncy indeed rmturxmd 

to th« norml T«IUM.    ?urth«r, viflMl ob««rvatlon« of tho«« nAlclm, 

a««d In th« ««If.turn off «xp«rl»ntt «l«o indicate that th« lot. in 

efficiency «.y be due  to p«rturb«tloM  that do not exiat or «r« 

conalderably  reduced   in • control  electrode  tub«.     In future  experi- 

■enta,   we will «tt«^t  to reproduce  th« control  electrode  cathode 

atructur.  in th« .«If-tum off t«.t v«hicl«. to conflr. th«.« ob.«r. 

v«tlon«.    It i. mxpmctmi that .ubsequent «x^rl««., p«rticul.rly 

tho..  l««dlng to th« op«r.tlon of th« hi«, .l.ctrod. «t   lover volt.g«., 

•HI MTV« to incr««.« th« overall  «fficl«ncy of th« «^»lifi.r ao  th«t' 

it will be m th« vicinity of k^.    it I. pr«..ntly f.lt that th« 

-elf-adulation proc«.. will not  int.rf.r. with th. .chi«w««nt of 

-h-t  i. con.id.r.d nonel .nod. .ffici«ncy of 50* or gr««t«r,  and 

th.t th. pow«r  lo.t to th« hi«. .l«ctrod« en b. -d. «H maough to 

yi.W euch «n overall  efficiency as kft. 

2.6   Averat« Po««r 

Th« «aintenancc of th« .nod. .fflci.ncy at Mno™.l" 50^ or 

high«r level, i, inport.« in th« «ddition.1 ..a«. th«t th« .chl«v« 

of very high «v.r-g. power  1^.1. with thi. ..If^odul.tion proc« 

l^o... no gr..t.r burd.n in t.n. of dl.alp.tion on th. .low wave 

circnit  than did control «l.ctrod. option.    Th« bi«. «l.ctrod.  la 

« collector of .Uctron. and .1«, ^t b, d..ign^ with • dl..lp.tion 

e«p«bility.    It i. pr«.«ntly Hit that  th« di..ip.tloo «ability of 

th« bi«. «l«ctrod« en be «or. Tmmdily i^w*,  if n«c«...ry,  th.n 

can th. «pablllty of th« alow w^a circuit b«cau.a of tha fewer 

boundary conditlona uhich tha bia. alactroda l^o... on th. probl«.. 

It ra^ina to b« .««n, howler.   If probla« will in fact arl.a In thi. 

•r«.    T*«  liMt. of diaaipation cp«bility, unfortunately, could not 

be «»«iMd in th« curwnt «xp«rl«nta bacauaa a portion of our test 

nt 
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•quipMnt setup w.» ll«lt«d In duty factor to approxiMtaly 0.001. 

BxperlMnt. will be conducted In tho ne.r ftitur«, hOMvtr, hopefully 

«t duty factors op to 0.01. 

2.7 Othar l»perl—n». 

Baaad upon the raaulto which had been obtained,   the next 

axparlaant« »ara daeignad to taat our under.tandlng of eho aachanlaa 

of tha biaa tachniqua.    Tha gao^atry of the bias electrode In the next 

esparlMnt »a. designed to axaggarata tha condltlona of tha pravioualy 

•uccaaafnl tXpmriwmnt9.    It vs. antlclpatad that tha hi«, wltaga for 

aalf-tum off would be raducad and that tha IP drlva povr would hava 

to ba Increased.    It was also antlclpatad that tha blaa curr.nt would 

Incraaaa bacauaa of tha nau gaoMtry, but tha Incraa.ad IP drlva 

po«r would partially co.pen.ate,  «, that tha actual blaa currant 

would ba nearly tha «a» aa that obtained   In tha flrat  successful 
tratioa. 

Ih« results of tbla asparlMnt did show that  self-turn off 

lished at  lower bias woltaga and that a hlghar drive power 

i«a necessary; howavar It waa also found that  tha hlghar drlva power 

did not raduea tha bla« currant significantly.    Tha net rasult was 

that  self-turn off «at «ccoapllahad with raducad hlaa woltaga,  but 

tha a^>llfl«r parfonssnca was degraded.    «,. a^,lifUr could not 

oparata to high enough currant to produce tha daairad peak powar output 

mi with tha  Incraaaad g? input power,  a wary low gain Ma tha and 

raault.    Tha incraaaad bias currant caused tha a^lifiar to behave m 

though it were "currant atarvad."    In actuality tha cathoda »a. not 

"enrraat starved" for tha peak cathoda current, ware nor«I.     It was 

**• imuv*1 0* A «iwce charge by tha blaa electrode that gave tha 

•PTMranca of currant starvation.    Tha bla. currant wa. collactad 

at  raducad voltage  so  that  there waa a  net  decrease   in tha powar 

dissipated  on tha bias  electrode;  howawar tha degraded  overall  p^ft,,. 

■■nee outweighed   this  achi.ve.ent. 
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The result» of this experiment  did Indicate that our under- 

standing of the biased operation 1« essentially correct, and they also 

lay the groundwork for the next eat of experiments with variation« of 

gaoaatry and electrode location. The next experlaent will be to 

evaluate a blai electrode with a lee* severe geometry than that used In 

tha successful dawnstrstIons. The results of this next experiment 

should allow us to partially optimise the electrode configuration and 

proceed to find the proper location for the electrode for opti 

overs 11 performance. 
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3.0 HIGH POWER AMPLIFIER  (SPD-252) 

A circular version of the cold teat vehicle waa conatructed 

coaplete vlth input and output waveguides and aatching tranaitiona aa 

daacribed in tha preceding report.  Pole piacas and a dumty  cathoda were 

■ada for tha circular cold taster so that it would closely conform to 

tha actual hot taat vahicla. A satisfactory match wss obtained using 

tha cold tast vahicla. Tha techniques developed were than applied 

directly to the hot test vehicle. Results on the cold test vehicle 

■etch are given along with the preliminary reaults on tha match of tha 

final hot teat vehicle. A magnetic circuit teater was made end 

■aasureaants verified the uniformity of the magnetic field in the 

Interaction space. 

3.1 Cold Teat - Clrculer Cold Test Vehicle 

The Initial circular cold teat vehicle had ita match adjusted 

with an absorber on the circuit. The results were shown in the preceding 

report. The next step was to adjuat the match with no abaorbar on the 

circuit and with the circuit's output port properly terminated. This 

technique would show interfering mismatches from both Input and output 

tranaitiona aa wall aa any circuit non-uniformitiaa. Tha tube is then 

reversed and the observation la repeated for the other port. A similar 

technique is used to look et the transmission through the tube, and an 

indication of insertion loss is observed and recorded.  The initial 

results on the match, both from return loss and Insertion loss informa- 

tion, indicated that there was an Interfering mode  or modea in the tube. 

A display of either return loss or transmission loss as a 

function of frequency will normally show smell periodic variations across 

the bend of the tube. The variations In return loss will normally 

correlate with the variations in transmission loss.  The initial results 

showed these small variations plus other variations which were larger 

than expected. However, these isrger variations did not show correlation 
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between return  lost und tran«aig«lon  loss. 

There are eeveral effecte which could produce the results 

observed.    The ,«11 verl.tions srlse fro. periodic  Infections  In 

the slow wave circuit,  e.g.,  differences  In ele^nt spacing or the 

existence of non-unlfor« bra.« Joints on the circuit.    These usually 

appear and are easily rsaadled. 

The pattern observed   In thla   Instance,   however,   showed 

pronounced dlpa  In the trana^sslon through the circuit,  but without 

corresponding .laMtches «a shown In Figure  12.    Thla pattern indicate, 

en absorptive rather then a reflective type of  loss.    Only a twll 

fraction of the Incident power la reflected back through the input, 

but a algnificent awunt of ^ower  la   loat  in tranaM.sion.     If we 

expind a SMU portion of Figure 12 in the region around 5.0 GHs, we 

can illuatrate thla .ffct.     £„ Figure  13 w. ahow the return lo.i and 

tran^a.lon loa.  fro. Figure  12 end elao ahow the tr.n^sslon  loss 

which would be produced by the reflections alone.    That  is,   the 6.5 db 

reflection at 5-0 GHt would norMlly produce a correaponding 1.1 db of 

tranMrtaaion losa.    The observed  trans.lsslon  loaa  is  5 db.     (The 

tran^iaslon losaea shown in Figure 12 include a 1* db circuit  loas 

which i. taken a. e reference.)    The  large trans.lsslon loas shows 

clearly that  so« energy is being absorbed  in the pertlc-lar geo^try 
of thla teatar. 

The cauae waa an exchange of energy between the alow wave 

circuit snJ  the region between the circuit end the back wall of the 

anode aaaeably.    •mia effect did not ahow up in the return loaa, aa 

indicated in the preceding report,   ais^ly bec.uae the abaorber on the 

alow wav. circuit damped out  thla excheoge of energy between the back 
wall and the circuit. 

There are severe I ways in which these effects can be reduced 

or ell.lnated.    To reduce or ell.inate SOM of the mmll periodic 

verietiona,  the elects of the alow w. circuit are carefully checked 
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«nd raaligned to  achieve Mxlnua mechanic«! uniformity.  The aore 

prominent effects with this circuit ere the exchange of energy between 

the slow «eve circuit end the beck ««11 region. It was found thet the 

energy propagating between the alow wave circuit and the beck wall 

behaved very auch like thet which propagate« in e ridged waveguide. 

The sethod used to reduce or ellaiuate the coupling bt:ween the two 

propagating syatema wss to a cer the cut-off wavelength of the ridged 

iutde such thet its cut-off frequency would fell above the pass band 

of the slow wave circuit. Iltis wes sccoaplished by altering the 

geometry of the beck well es shown schematically in Figure Ik. 

Another effect which has been observed Is soastiaes difficult 

to reduce or eliminste.  This effect is s cavity resonance.  The field 

■net be altered in order to shift the resonsncc out of the slow wave 

circuit pees band. The field distribution aust be known in order to 

accofcpllsh this.  Agsin by changing the geometry, the bo> ndary condi- 

tion« thet set up the field csn be sltered which will shift the resoosnt 

frequency. 

As a result of these cold tests, changes were aide in the 

geometry of the hot test vehicle. The results will be discussed in 

the following section. 

3.2 Hot Test Vehicle 

Techniques for ssseablinft the slow weve circuit evolved 

through the COB«tract ion of the cold test model end the initlel hot 

test nodel. loth of chess models had defect« in some of the brssed 

Joints formed «iaultaneoualy. Efforts to correct these defects by 

ra-b.aslog resulted in mechanical non-uniforal tie*. The w>n-uniforalties 

upset the circuit to lias natch snd could not subsequently be corrected. 

Tho aasembly of the second hot teat model was successful.  Photograph« 

of this assembly are shown in Yigurss If sal 16. 

The anode is first brssed into the tube body, after which 

the cathode end pole pieces are pot in place. Ac this time the match 
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FIGin«   15 AWDE ASSEMBLY FOR HOT TEST MODEL 
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j.^:^MgL%0*. * 

FICUR1   16 ANODE FOR HOT TBST MODEL 
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it ob««rv«d and recorded at ahown In Figure« 17 and 18 for return lot*, 

and Figures 19 and 20 for inaartion Loaa. Because of the aanner In 

which tha hot teat vehicle la aaaanblad, provlalona have bean nada for 

■aklng final adjuataanta to tha natch prior to final aaal In of tha 

tuba. 

The flrat cathode aaaaably we« found to have a vacuua leak 

and la being repair«!. A aecond cathode aaaaafrly waa put together and 

la now being checked for leaka. Back up place parta are available for 

two sore encde aaaaabllea and two «ore cathode eaaenbllea. Once the 

cathode prove« to be leak tight, the complete assembly with pole plecea 

will be mounted In the tube body. The cathode aub-eaaeably la ahown 

In Figure« 21 and 22. 

figure 23 ahowa the complete «««embly of the hot teat vehicle. 

Three coo lent patha are provided In the ti«be. The «node body haa one 

coolant path with all circuit bare cooled In parallel. Thla can be 

aeen In Figure 23. The Input end output connection« for thla path are 

ahown at the top of the anode block. The outpu waveguide, output 

window, and output tr«n«former make up e aecond c »lant path; The 

cathode he« the third coo lent path (not ahown). *l:ie tubuletlon aeen 

coming out of the aide of the tube body la the punplag port. The 

ceramic high voltage bushing can be «een (to the left) on the IT Input 

aide of the tube. 

Figures 2k and 25 are the end view and «Id«, view of the hot 

teat vehicle. The coolant system for the cethode and control electrode 

can be aeen. The cethode «■■•mbly contain« two coolen«: port«, which 

also aerve a« high voltage connection» to the cethode end control 

electrode. The breakwey on the upper right of the tube body on 

Figure 2k  «howa the general ■etching achane. The dashed line« ecroaa 

the output waveguide and the dotted linea, which «how the taper Into 

the circuit, con«titute the waveguide to coaxial tranaformer.  The 

output aid« of the two patching tran«former« la liquid cooled. The 
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FIGURE  21 CATHODE  SUBASSEMBLIES 

37 



. 

S'F'D  labomtorm, inc. 

FICUM 22        CATÄDI AMD POU PIECE 
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F1GWE 23 CCMPLETE HOT TEST VEHICLE ASSEMBLY 
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Input and output art ■•paratad by a aaptua acroaa tha coaxial UM 

abova tha drift apaca aactlon. An obaarvation port la provided at 

tha bot to« of tha body of tha hot taat vahlc. ao that a aaall part 

of tha circuit and cathoda aurfaca can ba aaan during oparatlon. 

Tha hot taat vahlda tbould ba co^platad toward tha lattar 

part of Juna 1968. 

3.3 Waanatlc Circuit 

Parta for a MgoatU cold taatar wara co^latad with provlalon 

to «aaeura tha flux danalty In tha Intaractlon ap^ca. Tha cold taat 

■agnatic circuit la ahown In Plgura 26. 

Tha pole places wara ahapad In order to provide «1 fairly 

uniform flux danalty In tha Intaractlon apaca. This waa verified by 

th*  ■a^-'uretaenta taken.  Tha reaulta of these aaaaureaencs are ahown 

1« tha flux danalty field plot In Plgura 27. Aa c-- «a aaan, tha field 

la fairly unlfoni In tha shaded araa which rapraaaata tha Intaractlon 

apaca. 
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FIGUEI  26        MAGNETIC CIRCUIT COLD TESTER 
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k■0 PROGRAM FOR NEXT PERIOD 

1. Complete conatructlon of the hot test vehicle. 

2. Begin hot teet eveluetlon of high power operetlon. 

3. Continue teet« to eveluete end optl«l«e the eelf-turn 
off operetlon. 
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