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FOREWORD 

This »tvidy is being performed at Raytheon Company» s Microwave Tuue 
Operation,  a component of the Microwave and Power Tube Division, Waltham. 
Massachusetts,   for t' - Advanced Research Projects Agency,  Washington. 
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Mr. Dirk T. Bussey,  EMATE,  is the RADC Project Engineer. 

Overall responsibility is borne by the Crossed afield AnipUOr Group, 
John F, Skowron,  Manager.    The mechanics! and electrical design of v*^ 
experimental models is performed by Peter Laurendeau,  Senior engineer, 
under the direction of Richard A. Handy,  Engineering Section Manager. 
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ABSTRACT 

The main objective of thU progrsm is to develop a »elf.modulated 
forward-wave cro««ed-field amplifier at C-band with higher peak and 
average power capability than has been realised in the past.   Tube perfor- 
mance objective, are 2 MW peak,  20 kW •verage.  50 "^ro.econd p*Ue 
duration ii C-band with 10% in.tantaneou. bmdwidth.   During this report 
period.   &t tube mechanical deiign wat completed.   All tube parti were 
ordeVid and received.   Approximately 50% rf a complete tube anen^ly 
was huilt.   Anode model no.  1 was brased wvd cold test measurements 
were obtained. 
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■ 1.    II   IM 

1.0     INTRODUCTION 

This croited-field amplifier development program is authorised by 
RADC contract No. F30602-68-C-0291.    The new CFA will bear the 
Raytheon designation QKS1567.   The prime objective of this program is 
to achieve CFA operation at a power output level of 2 MW peak power, 
20 kW average power at 50 microseconds pulse duration.   Such an amplifier 
will provide considerably higher performance capability than has been 
realized in the past.   The tube is also to be developed to provide self- 
modulation, that is, full keying of the tube current on and off by the rf 
drive signal alone, with dc operating voltage continuously applied.    The 
tube will be designed to operate at C-band over a 500 MHz band with 10 to 
15 dB minimum gain at a single value of dc voltage. 

Breadboard QKS1567 operating models are being built incorporating 
a stub-supported double helix line anode structure (SSDHL).    The main 
feature of the SSDHL circuit is its anode height which is greater than that of 
anode circuits previously used for CFA operation. 

Impedance matching circuit design of the SSDHL has been completed 
on cold test for anode model no.   1.    The final matching design incorporates 
waveguide ramps positioned parallel to the tube magnetic field lines of 
flux to avoid multipactor. 

The cathode assembly is almost complete.   Liquid-cooled emitting 
surfaces of platinum and beryllium will be tried.   The bias electrode 
will also be liquid-cooled and will have a surface configuration design to 
inhibit secondary emission. 

2.0     ANODE CIRCUIT DEVELOPMENT 

Cold test data reported in the first interim report is shown in 
Figure 1, curve A.    The linear cold test circuit employed 10 active sections 
to obtain dispersion curve measurements.    Careful investigation revealed 
that the stub-supported double-helix circuit possibly propagated as two 
independent circuits above approximately 120   phase shift per section. 
Using a small number of active sections (such as 10) one can easily 
measure each resonance and determine its exact phase shift.    Above 120° 
phase shift,  extra resonances appeared for a 10 section circuit,  indicating 
that perhaps the circuit was propagating in two separate paths due to the 
use of two helices.     Previous cold test studies on a single stub-supported 
helix confirmed these findings,   showing the correct number of resonances 
and proper performance. 
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Figure 1. QK1567 C- Band Dispersion Curve 
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A redesign of the SSDHL circuit was necessary to assure a single 
dispersion curve.   A change in helix turn spacing and vane tip thickness 
resulted in a circuit which had more vane tip loading and a reduction 
in the helix mutual inductance.   This change resulted in a single dispersion 
curve And a narrowed bandwidth circuit as shown in Figure 1, curve B. 
Over the operating bandJ5.425 GHs to 5.925 GHs) the phase shift i>er 
section varies from 102    to 133 .   The upper frequency cutoff <180 ) 
was lowered from 6.8 GHs to 6.35 GHs. 

Our p: evious experience in backward-wave CFA» s has shown that 
there is a coupling of energy between the backwall (anode body) and the 
SSDHL circuit.   An expedient cure has been the use of screws •«lectly«ty 
mounted on the backwall (anode body) adjusted to tune the various backwall 
resonances outside the operating band.   The presence of the resonances on 
hot test will produce a noisy spectrum whenever the CFA is operated at the 
aame frequency as the beckwall resonance.   The screws tend to lower the 
frequency of the resonance out of the operating band and the position of the 
screws along the backwall circumference prevents the lowering of other 
resonances into the operating band. 

To completely eliminate backwall resonances it is necessary to make 
the enclosed region between the circuit and backwall short enough to raise 
its low frequency cut-off above the operating frequency of the CFA,   Due to 
the large anode height of this tube and the ridge effect of the helix,  it is 
extremely difficult to raise the low frequency cut-off r^ove the operating 
band. In theQKS1567 case, however, the backwall region was made as small 
as possible without affecting the high frequency cut-off of the SSDHL circuit. 
This design change improved the overall impedance match ol the circuit and 
has apparently reduced coupling ts the backwall region to an acceptable level. 

Figure 2 shows a cross section of the anode assembly,  including the 
added backwall cover.   Another mechanics 1 design feature of this anode is 
the use of C-shaped vanes which reduces the overall height of the backwall 
region and helps to increase the low freqi:«ncy cut-off.   C-shaped vanes 
are also advantageous as they minimira thermal expansion problems and 
avoid anode distortion.   As Figure 2 shows, the C-shaped vanes provide 
enough clearance to permit the cathode end shields to cover the entire inter- 
action area, minimizing space charge leakage to the pole piece, especially 
in the bias electrode region whero the space charge breaks up and tends to 
spread axially.    The end shields are well thermally-cooled in the bias elec- 
trode region to avoid excessive electron bombardment heating. 
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Figure 2. QKS1567 Anode Aasembly Cross Section (Partial) 
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Figure 3 shows the brazed anode model no.   1 asse-nbly with the 
added backwall removed to show the helices.    Figure 4 it a photograph 
of a one-piece 3/4 turn machined helix part which will be used in building 
anode model no.  2,    When this part is brazed to the anode-vane tubing, 
the helix turns are completed.    The copper supporting   ring will be mach- 
ined off and the separated helix turns supported by the anode vanes. 

3. 0     CATHODE DESIGN 

A cross section of the cathode is shown in Figure 2.    The liquid- 
cooled bias electrode has a ceramic support which is located beyond the 
cathode area to prevent any metallic depcsit from the interaction area 
from coating the ceramic surface and eventually leading to shorting the bias 
electrode to the main cathode. 

Differential expansion between the bias electrode aad the cathode 
assemblies has been accomodated by the use of a cupro-nickel diaphram 
which supports the bias electrode racially, permitting any necessary axial 
movement. 

The molybdenum end shields are   brazed to a copper support which 
is liquid cooled 

Figure 3.        Brazed Anode Model No.   1 Assembly with Added 
Backwall Removed. 
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4. 0     ANODE MODEL NO.   1 COLD TESTING 

All cold test measurements were made on anode model no.  1 after 
bracing of the helix vane assemblies to the water jacket.    The waveguide- 
to-anode ramp connecting the SSDHL circuit to the waveguide transformer 
was assembled using silver paint permitting cold test evaluation of the entire 
tube prior to a final braze of anode to waveguide.    After the final tube braze, 
access to the ramps will be possible to provide some limited final impedance 
match adjustment. 

Figures 5 and 6 show the impedance match of anode model no.  1 
for the input and the output ports. 

Impedance matching work was   concentrated over the operating band 
and beyond up to 180° phase shift per section (ir-mode).    For proper dc 
operation, a bias electrode CFA requires that any resonances above the 
operating band up to the high frequency cuteff (ir-mode) of the SSDHL circuit 
be matched so as to prevent the CFA from oscillating. 

Insertion loss measurements are as shown in Figure 7,    The insertion 
loss is somewhat higher than anticipated and could possibly be due to the 
following: silver paint used for ramp connection, eutectic brazing solder 
covering most of the SSDHL circuit area (eutectic solder has a higher 
skin resistance than copper), molybdenum vane tips, and roughness of the 
circuit.    The insertion loss of a lower power level C-band CFA (QKS1480) 
(84 sections) stub-supported meander line also had an insertion loss 
averaging 4 to 5 dB. 

5.0     SUMMARY 

Over 50% of the tube has befjn built; we expect to complete tube seal-in 
by the next report period. 

Impedance matching work will be pursued further on anode model no.  2. 
The next brazed anode should have a more uniform structure, benefiting 
from the experience gained in assembling the first anode. 
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Figure 5.    QK1567 Impedance Match Anode Model 
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Figure 6.    QK1567 Impedance Match Anode Model 
No.   1 Output Port. 
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Figure   7. QK1567 Insertion Loss Anode Model No.   1 

6. 0  PLANS FOR THE NEXT PERIOD 

1. Complete tube model no.  1. 

2. Start construction of tube model no. 2. 

3. Improve impedance match of anode model no. 2. 

-9- 

-«. | 



UNCLASSIFIED 
Secunty Classification 

DOCUMENT COHTKOL DATA • MO 
(Smtunty clatm'rmlion of nil»   tmrly of mbttracl mdmamt mnnolmlten •vtmll fßott it ttm*»ili»iH 

I    OWtniNATING ACTI«/|TV (C^ipormim ..uihon 

Raytheon Company 
Microwave and Power Tube Division 
Waltham,   Mass.   02154 

im  ncponr •■cu*tTv c LAtti'iCA TION 

UNCLASSIFIED 
ak   »mourn 

1   ntPOHT TiTLt 

SECOND SOURCE FOR CROSSED-FIELD AMPLIFIER QKS1567 C-BAND SELF- 

MODULATED FORWARD-WAVE AMPLIFIER 

♦   OKSCniPTIVC MOT« (Typ* of ropeH an« Mehiafv« 4at««> 

Second Interim Report for period July 1 - September 30,   1968 
S   AUTHOH.'U (Lmai nmm: IIm 

Peter Laurendeau 
Richard Handy 

Inlliml) 

• muponr DATE 

28 October 1968 
7« TOTAL MO. OP   »*•(• 

a« CONTRACT OH SHANT NO 

F3 0602-68-C-0291 
iar»; 

b.   P«OJ«CT NO. PT-2034 

ARPA Order No.  513 

RADC-TR-68-592 
10   AVAILASILITV/LIMITATtON NOTICU 

This document is subject to special export controls and each transmittal to foreigli 
governments , foreign nationals or representatives thereto may be made on' wit t 
prior approval of RADC(EMATE).   GAFB.   N.Y.   13440,,  

Griffiss Air Force Base,   New York 
 13440 

t|. IPONIMINa MUTARV ACTIVITY ii iu^LiMiNTARv Marti   Monitoredby 
Rome Air Development Center (EMATlE)    Advanced Research Projects Agency 

Washington,  D. C     20301 

^1 
II    ABSTRACT rj 

The main objective of this program is to develop a self-modulated forward-wave 
crossed-field amplifier at C-band with higher peak and average power capability 
than has been realized in the past.    Tube performance objectives are 2 MW peak, 
20 kW average,   50 microsecond pulse duration in C-band with 10% instantaneous 
bandwidth.    During this report period,  the tube mechanical design was completed 
All tube parts were ordered and received.    Approximately 50% of a complete 
tube assembly was built.    Anode model no.   1 was brazed and cold test measure- 
ments were obtained. 

DD '?"". 1473 
UNCLASSIFIED 

S'T'inf',  ("' r   .• tu .''• -n 

■ 



UncUteified 
itciirity CUi*«ißcitioa 

t« 
RIV 

UN« A 
■f"— 

••kB      mr 
UMt» 

»T 
kNMC 

»T 

C-Band Amplifier 

Cro«e«d-Field Amplifier 

Microwave Amplifier 

ofD» 

til» otrar- 

L  OnOIMATINO ACTIVITY:   BMW UM 

*^^j0 Ac*ftw|tv Ot OtlMf <|f^»t|t gatJOH ^C 
Uwra^Mt. 

3A  UPOKT WCUHTY CLAMTKAmil! 
•II Mrurity clMalMeMtM of UM raport.   UMc*9 i 
*'R*Mr4ct^ OMaM !• tacli^aA   Maffcia« Is te b« in 
«MM «tth ■»»Mfrirti McwMy rafnlattaM. 

2ft. QMUPi  Atw^lc iewpwUBg to ■wWti to DoD Dip 
racUv« S30O.IO «4 AMM« PWCM la*Htrtol M—ill   Ent«r 
tht gra* mmktt   AIM. wl»« «ppUortito, stow tluit o^toaal 

3 and Oro«ip4 M 

3. MPQKTTITLB:   BM«r Uw ew^at« npeft Utto to Ml 
coital tottan.  Tlüaa to all caaaa sftwiM ba «Relaaalflatf 
If • aiaaato«(ul till« eaMMt ba aalactad wtthoM elaaaine» 
tion, Miaw titla etaaaiflrMto« to all capttala In pamthaMa 
iMMdiataly faUewtof Om tiUa. 

4. DtaCHIPTIVl W3TE»   U «prapttMa. antor HM tf»a af 
rapott. a.». iMavfcn. pragraaa. mmmuf, mmm» ar final. 
Qtra tba indnalva 4Maa whan a ■pacifte rapertin« parla4 la 
covarad. 
5. AUTHOIKS}:   CMar tba nana(a) af aMbeKa) aa shown an 
ar in tba rapart.   BMai last «ama, firM naaw, mlddia initial. 
If military, aba« raak »ad «raaeb ef aarvic*   Tba nana» of 
tba principal «MÜMT in an sbsMuta niniaiuat raquiranaat. 

6. REPORT DATE:   BMar tba data af tha rapart aa day, 
month, yaar. ar month, yaan   If BMra than ona data appaara 
an tba rapart. uaa data af publication. 

7a.   TOTAL NUMBER OP PAGE*   Tha total papa count 
aheuld follow normal paflnMlen precadaraa. La., aMar tba 
number of papa« contataing Informatlor. 
7b.   NUMürR OF REFEREWCER    Entar Ih« total numbar of 
refcrancat citad in tba rapart. 
•a.   COMTRACT OR GRANT NUMBER:   If «ppeopriata. antar 
tba «pplicabla numbar af tba contract or grant «ndar which 
l ha ropurt waa writtaih 
lb. »■. ft td.  PROJECT NUMBER:   Entar tha appraprlMa 
a-ilitary dapartmaM idantlficatisn. auch aa projact numbar, 
tubprojert numbar, systam nwnbara. t»h numbar, Me. 
9«.  ORIGINATOR»! REPORT NUMBBR(f):   EMar tba afft- 
cial rrpart numbar by which tha doeumaM will ba idaMtflad 
MM! conirollad by tha originMing activity.   Tbla numbar ««at 
be uniqu« ta this rapart. 
•>6.   OTIIKR REPORT NUMBER(S):   If tha raport ha« baan 
.isHu-m-d .my other report number« (either by the origina.V 
or hi the sfMinsor), slao entar this numberia). 
10.   AVAILArilLITY/LIMITAT»N NOTICES   Enter any lim 
itations i« further diHaemination of the report, ether than thoae 

by aaowity claaalflcMian. 

my obtain (i)  **qi^m«i 
R 

(4)    "V. *. mllltarr 
dlraetly VJC 

may abiato aln capias wuScn 
of thia 

(S)    "AU af tbla rapart la cantmllad. Qual- 
aball re^uaat 

If tha rapait haa baa« fundahed ta tha Office ef Technical 
garvicaa. Wmmmmt af Cemmarca. IM aale ta tha public, indi- 
eMa thia fact and aMM tba price. If knowm 

1L   gUPPLEMENTARY NOTE»   Uaa far addition^ eaplana- 

IX   VOMKNUMQ MIUTARY ACTIVITY:   Enter tha name af 
tha JMgMMMl pvajact ofRca or laboratory aponaoring fpar 
lag tor) tba taaaarcb and IwMNpaüft   Include address. 
IS.   ABdTRACT:   Enter an abstract giving a briaf and factual 
■Mnaiaiy af tba document indicative af tba rapart, even though 
It may alao appear etaewbe» In lha body M the tachnical ra- 
part.   If addition«! apace la ragnirad. a continuation sheet sStnll 
ba attaahad. 

It la highly deairable that tba abatract af etaaaifiad rapc/ta 
ba unclaaaified.   Bach paragraph ef the abatract shall sad with 
aa indication of tha military aacurity claarification ef the in- 
formatiwi la tba paragraph, represented as (T%). ($). (C). «r (V) 

There la no Urn i tat Ion an tba length af the abatract.   How. 
ever, tba aaggasted length is from ISO to 225 word« 

14.   KBT WOROg:   Eey worda are technically meaningful terms 
er «hört »«hraaas that characterise a rapart and may be uaed a« 
indes entries far cataloging tba rapart.   Ray word« ai'iat be 
«elected aa that no aeenrity classlficslian ia required.   Identi- 
fiers, auch ss equipment model deaignatiea, trade name, ...ilitary 
project code name, geographic location, may be uaed aa key 
worda bat will be followed by sa indication of trrhniral con- 
test.   Hie assignment of link«, rule«, and weights is optional 

Unclassified 
Security ClasMticafion 


