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I ABSTRACT

I This report describes the ac t iv i t i e s  during the f i r s t  two months of a
development program designed to b r ing  ~n exis t ing high-band dual mode TWT
up to the recent JSC specification for  dual mode tubes . Test vehicle s for  designI verif icat ion tes t ing  have been des ign ed and ordered, tube design has been carried
out, tooling improvements have been implemented, and design work on a new
waveguide t ransi t ion and collectors is described.
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1 .0 IN TRODU C TION

Th e work describ ed in th is report is be ing done for the Office of Naval
Research .  The program is an outgrowth of work begun in 1974 for the ONR
directed towards building a 10 dB pulse-up , liquid cooled , PPM focused high
band TWT.

This prog ram is intended to f in i sh  development of this tube in time for
cur ren t and next generat ion s y s t e m  use a~ d to establ ish two sources for th e
device. To achieve this objectiv e, the resources  of Raytheon and a subcon-
tracto r (Nor th rop )  a re  be ing  employed in a cooperative development program .

The s ta tement  of work fo r  this p rogram is Raytheon proposal  No . PRP-4430-l

J enti t led “Techn ica l  Proposal for a Dual Beam Dual Mode TWT” , dated 8 June 1978 .
To insure  that all essent ial  system per formance  factors  are adequately addressed,
a complete tube spec i f ica t ion  is being u s ed :  specifically, the Dual Mode Steer-
ing  Committee Dual Mode TWT sp e c if i c a t i o n  (o r ig i n a l l y released 12 September
1977 )  as amended by O.E .M . submissions to the system statement of work
received May 1, 1978.

This program is divided into 4 major  subtasks.  The f i r s t , cr i t ical  com-
ponen t ve r i f i c a t i on , inc ludes evaluation of means to :

1. Increase  tube power output

2. Increase  tube ove rall e f f i c i e n c y

3 . Improve gain and power  f ine  grain and load mismatch s tabi l i ty  margin.

Work on th~ ~e tas ks is divided between Raytheon and Nor th rop  and full
t r a n s f e r  of info rmation is be ing  made between the two organiza t ions.

I
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2. 0 TEST VEHIC LES

2. 1 Heat Trans fe r Vehicles

The following vehicles will be tes ted:

a) Three 3-rod units , heat shrunk .

b ) Three 4-rod units , heat shrunk.

c) Three 3-rod units , b razed .

d) Three notched 3-rod uni ts , brazed.

Th ese units consis t o f four inch ( 10 1.60 mm) long CW helix sections

in barre ls with PPM s tack , hig h power vacuum feed throug h g lass v iewing lx rt ,

and vac-ion pump. Design of these unit s h as been comp l e ted and parts have

been o rde red .  Figure  2 -1 shows a layout of this  assembl y.

_________________________________2 . 2  Inser t ion  Loss Vehicles

The following vehicles will be tes ted:

a) Three 3-rod units , hea t sh runk .

b )  Three notched 4-rod uni ts , heat shrunk .

J c) Three 3-rod uni ts , brazed .

d) Three notched 3-rod units , brazed.

e) Back-to-back window s with TNC connectors .

I
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These uni ts  cons is t  of a 1. 06 inch (26 .  92 mm) leng th  of Pulse s tage

hel ix  in a b a r r e l  wi th  tube output w indows  at each end . Des i gn of these uni ts  has

been completed and par ts  have be en o rdered.

2. 3 Attenuat ion Test Vehic les

The following vehicles will be t e s ted :

a) Two 3-rod units , heat  sh runk .

b) Two 3-rod uni ts , b razed .

These units will consis t  of a CW stage outpu t helix sect ion with hi gh
power vacuum window and vac-ion pump. Desi gn of th ese un it s has been completed
and par ts have been ordered .

3.0 HEAT SHRINK IMPROVEMENTS

Heat sh r ink  tooling improvements  have been made. In the exis t ing desi gn ,
the helix locat ing bars which had been added between the g lue b locks had caused
sh i f t i ng  of the rod locating bars  when locking them in place . The j ig  has been
re -des i gned to improve the ri gidity of the g lue blocks when the rod bars  are
lock ed in place by adding me tal to the center  of the g lue blocks . The helix
locking bar locking method has also been changed, f rom a s ing le set screw’
to a swing- in to-place arm which app li es p r e s s u re  to th e bar uni formly. The
result of these changes is that the entire jig has been re-designed , and that

new bars  have been designed to build the higher power vers ion of the tube (CW
output section and pulse stage) discussed later in this report .  Two complete
new f ix tu res  (3-rod and 4-rod ve r s ions )  have been designed and ordered . Delivery
is expected 11-14-78.

4
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Additional ring gauges for lapping the rod-helix assembly which will allow
more precise measuremen t of this process , and also extend the range  of inter-
fe r ence fi t s to l a rge r  values , have been ordered .

Parts improvements have also been made. Rods having a reduced to le rance
for the center ing  of the helix-mating radius have been ordered .

4 .0 CW STAGE - NEW DESIGN FOP. HIGHER POWER

4.1 Simulation

Figure 4-1 shows the computer  model used  as the base lin e f or com pu ter
design at higher power. Power and saturated gain data from S/N 17 are
compared with the compu t er model. If second stage loss is taken into account,
the top curve drops about 1.3 dB, bringing it within less than a dB of the actual
tube value. These curves show that the computer model chosen is a good s imulation
of the exis t ing tube.

4.2 Scaling for Higher Power

The baseline design (8. 7 KV , 0. 18A.) was scaled up to 10KV on the
com puter. Perveance was held nearly constant (from 0. 22~tP to 0. 24~iP) for
th is sca le , to m a i n t a i n  the same focus ing  sy s t em . Fi gure  4 -2  shows that in-
creas ing the perveance  by 10 percen t does not e f fec t  the t r a n s m i s s i o n  of the
base l ine  des ign.  Power and gain for  the base line v e r s i on  ( 8 .7KV , 0. 18A)  and

the 10KV scaled design are  shown in Fi gu re 4-3. The power has b een i nc r ea sed
by approximately 2 dB by scaling 10KV . The CW mode output power of P±l dfl rn
on the existing baseline design needs to be increased to meet a P+2 dBm minimum

power  s p e c i f i c a t i o n . This scale should produce a nominal  P+3 dBm CW mode
ou tpu t power , as shown on the graph.

5
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I 4 . 3 Main  A t t e n u a to r  Sh i f t

I Output c i r c u i t  ana l y s i s  fo r  o sc i l l a t i on  t h r e sho ld  ( d i s c u s s e r  in m o r e

d e t a i l  in a l a t e r  sec t ion ) has shown ~ha~ output  c i r c u i t  ga in  should  be r e d u c e d .  rr )

I this  end , the main  a t t e n u a t o r  was s h i f t e d  1. 1 inche s ( 2 7 .  94 mm)  c lose r  to the

output .  Fi g u r e  4 -4  shows  the loss p a t t e r n  for  the b a s e l i n e  and the sh i f t e d  ver s i o n s .
I ’his a tt e n u a t o r  s h i f t  b roug ht the  s k i r t  of the ma in  a t t e n u a to r  up to the beg i n n i ngf of the b u f f e r a t t e n u a t o r , which was n i t  m oved. This change  is d e sir a b le  in tha t

r e f l e ci on s  f r om  the output side of t h e  n~air. a t t e n u a t o r  wi l l  now be reduced  si gn-

i f i c a n t l y  because  of the  p r e s e n c e  of th  b u f f e r .

‘I • 4 B u f f e r  Tail E lon g a t i on

R e f l e c t i o n s  f r o m  the b u f f e r  a t t enua to r s k ir t  t owards  the outpu t por t
1 a r ”  a l so  a p o ss i b l e  cause of FW o s c i l l a t io n s  in the dual tube, al though measure-

r n ent s  h a v e  shown that  r e f l e c t i o n s  in this  a rea  a r e  less l ikely to produce  osci l lat ion

I than f r o m  t}i p m a i n  a t t e n u at o r .  Fi gure  4-4 shows four  s k i r t  length  v a r i a t i o n s : B ,
C, D, a n d  E . In the D and E cases , the  s k i r t  ex tends  into the ve loc icy  s tep in
the h e l i x , thus p r o v i d i n g  some m a s k i n g  of r e f l e c t i ons  f rom th is  sou rces .  Al thoug h
this  s o u r c e  of r e f l e c t i o n  is not  cons i dered  to be as i m p o r t a n t  as the a t t enua to r
s k i r t  r e f l e c t i o n s , it a p p e a r e d  that  two ob jec  • ves could be ach ieved  at once  in

I th is  c h a n g e :  r e d u c i n g  the s lope of the b u f f e r  ta i l  and m a s k in g  the ve loc i ty  notch .

The e f f e c t s  of the b u f f e r  s k i r t  e longa t ion  a r e  shown in Fi gure  4-5.

- 
V e r s i o n  D was chosen as the optimum t r a d e o f f  be tween power  level  and s k i r tJ l eng th .

1 4.5 Inpu t  BWO

Inpu t BWO , t houg h no t a p er s i s t a n t  problem , had occurred  o c c a s i o n a l l y
d at some v o I t u ~e li ’v , -ls on r cent  t ubes .  Co m p u t e r  s t u d i e s  of the input  w e r e  made

and the r esu l t s  a re  show n in Fi gure  4- 6. At 0. 0 12 (0 . 305 mm)  inch  beam rad ius ,

I 
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the BWO peaks occur at about 5. 4 inches ( 137 . 16 mm) from the input . Since the

actual baseline vers ion tubes have the main at tenuator centered  at 3.75 inche s ,

J (95. 25 mm) some assumptions were wrong . In this case, the beam radius is

proba b ly larger , at least at the scallop peaks , which would cause the BWO peak

to move back towards the inpu t as shown on the graph (Figure  4-6) , or , the

computer program is not precise enoug h. At 0. 016 inche s (0. 4 06 mm) beam rad ius

the peak begin to move ins ide of the baseline main at tenuator .  Thoug h the beam

diamete r is known not to be this big, i t is des i ra bl e to have a comput er ana lys i s

capability, at least on a relative basis , fo r  input BWO.

An input pitch step was t~ en developed, us ing the 0 .016 inch (0 .406 mm)

beam model, which would move the BWO peak past the main a t tenuator, taking

into account the new 1. 1 inch (27 . 94 mm) shif ted a t tenuator  ~~sition. The results

of this pitch s tep  are  shown in F igure  4-7 . The two peaks (one for  each helix

velocity sec t ion)  are  shown, both to the rig ht of the main at tenuator .  This des ign,

including all of the changes discussed in this and previous sections , ~s version K l .

4 .,6 Design Vers ion  Ki

Figure 4—8 shows the expected (corrected for compute r model
de via t ion f rom measu red daca , . e. “ Real” ) s aturated powe r output and gain
for the design thus for , namely version Ki . Power output is approximately
P+3 dBm and gain is well cente red across the band.

Attempts to des ign an equalizer for the Ki version were  unsuccess-
ful, h oweve r . An equalizer which levels the gain at rated operating point causes
a droop in small s ignal  gain , as shown in Figure 4-9 , at the hig h band edge.
The reason for  this problem is shown in Figure 4- 10, where it is seen that the
SSG comes much closer to the saturated gain at the hig h band edge than elsewhere
in the band for  Kl version.

I.
I
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4. 7 Des ign  V e r s i o n  K2 - Reduced Input Helix Diamete r

The input sect ion helix was then reduced in diameter  by 0. 004 inches
( fr o m  0. 077 to 0. 073 inches)  ( 1.956 mm to 1.854 mm) and the input helix pitch
adjusted to ma intain constant  velocity. The input helix pitch step was om itted at
this t ime - othe r BWO suppression technique s will be discussed below . V e r s i on
K2 shows a marked dif fe rence in SSG at the high band edge , as seen in Fi gure

4-10, compared to Kl  vers ion .  The e f f ec t  of th is  change was to inc rease  the gain

gain of the tube at all f requencie s (due to the inc reased  beam fill  f a c t o r )  as well

as to improve the SSG to sa tura ted  gain  separa t ion  at the hig h band edge. The

equal izer  calculation for  this ve r s ion  resul t s  in level SSG , as seen in F igure

4-9.  Saturated gain was also inc reased, as seen in F igure  4-11, although not

as much as the SSG, par t i cu la r ly at the hi gh band ed ge.

The e f f e c t  on powe r output of the input helix d iameter  reduction is

shown in F igure  4-~ on a cor rec ted  (expected or “ real” ) basis , relative to

v e r s i o n  KI .

4 . 8 Input Buffe r At tenuator

The inpu t helix diamete r reduct ion introduced in K2 vers ion  increased
the small  si gnal gain of the input section . The helix velocit y step in the input
was omit ted at that  time because it was known that fu r the r  BWO suppress ion
was no t pos s ible with a velocity step (without serious t rade of f s  of gain or power) ,
and that the FW g ain was now becom in g large enoug h to require  some at tent ion
to prevent  FW osci l lat ions.

• A 10 dB b u f f e r  at tenuator was added t o th e inpu t sec t ion to p revent
FW and BW oscil lation . The los s and velocity patte rn for this change is shown
in Figure 4-12. The 10 dB buffer caused a 3.5 dB decrease in FW small signal

gain at mid-band , which in turn required an extra 0.3 inch (7.6 mm) length of

I

18

I



PT-52.~~9

70

-

i 
2 K 2
-o 40~ EQUALIZED RATED GAI N (EXPECTED~II. Ki
0

30- -

I
20-  -

1 10-  —

I
1 FL FRE QUENCY 

FH

8O9’~’~2

I 
Figure  4- 11. Saturated Gain.

I
19



PT- 52

- OS. P

dt
0

-

-~~

-S.--

~~~~~~ I
I

c1I
~~~

(•j
- So

CU
4.1
U)

U)

_ _ _  

- I n

U

2 0
-I
V

III

~~~~~~~ 

C
CU

IS) 0)

-î In CU

E 
0

F
- S .-.,

0

Idi XI1]H SSO1 lIflD~JID

I
20



PT- 52 89

input he l ix  sec tion  to r e s to re  this  gain , b r ing ing  the c ircu i t  length  up to 9. 3 inches .
(23~ .22 mm) Packazin~z cons iderations indicate that the extra tube length is
ava i lab le .

Fi gure  4 - 13  shows the c i r cut  los s and velocity pa t t e rns  f or the ~~. 3
inch l e n g t h  v e r s io n , K 16. The add i t ion  of 0.3 inches to the input r e s t o r e d  the

• 5 dB of SS ga in  at midband and r e s t o r e d  the powe r and gain of the tube  to t L a t
given for  ve r s ion  K2 .

4 . Q Input  Osc i l la t ion  Thresho ld  Analys is

An analys is of the FW and BW osc i l la t ion  th resho lds  for  v e r s i o n  K16
is g iven in F ig u r e  4-14 . It a ssumes  w o r s t  case input re flect ion ( 3/ 1  VSWR vs
a probable  2 . 5 / 1  spe c if icat ion value , and 2 / 1  tube r e f l ec t i on  vs a p robab l e
1.6/1 VSWR) and worst phase of the tube and ex te rna l  ref lect ions , f o r  a 6. 0/1
VSWR total.

The effect of the 10 dB buffe r increases  the main a t t enua to r  sk i r t
relectioi-i threshold from 1.053 to 1. 147 VSWR, a very comfortable margin of
safety for FW oscillations .

The BW analys is uses only one-way loss , even thoug h the gain figure
used was computed for a loss less  ~~~iLx . The 1.42 VSWR thr’shold is therefore
a very conservative estimate, indicating that BWO would be impossible .

5.0 COMPUTER MODEL OF CHAIN

A computer  mode l of the chain has been w r i t t e n . It uses  the output sect ion
of the  CW s t a g e , i ts br idge , and the pulse s tage .

The osci llation loops included in th€ ~ :ogram a re  deta iled in Fi gure  5-1 .
Ve rsion 1 computes the oscil lat ion loop ga in  or the threshold  VSWR , dependin g
on whether  or not the notch and main a t t e n u a t o r  VSWR are  given as input or le ft
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FIGURE 4-14

INPUT CIRCUIT OSCILLATION - CW STAGE - K16

TUBE INPUT VSWR = 2.0/1
INPUT LOAD VSWR 3.0/I
WORST INPUT VSWR =6.0/ 1

F.W. OSCILLATION

- GAIN=38.2dB
— LOSS~~-2.dB

- 
INPUT REFLECTIO N LOSS = —2 .9dB (6.0/ 1 vswi~
MAI N ATT . VSW R FOR OSC. 1.053 (-33.3dB GAI N)
ADD 10dB LOSS:

I 
MAI N AlT . V SW R FOR OSC= 1.147 (-23.3d B GAI N)

1 B ,W. OSCILLATI ON
L GAIN=+3OdB

I
INPUT REFLECTION LOSS 2.9dB (6.0/ 1 VSW I~- 

MAI N AlT. VSW R FOR OSC. = 1.11B (—25.1dB GAIN)

ADD 10dB LOSS (NEGLECTI NG FORWARD LOSS):
MAI N ATT. VSW R FOR OSC. = 1.42 (-15.1dB GAI N)

I
I
I

S I 
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VERSI ON 1
P

V SWR
OUTPUT X

BUFLOS + LOAD
CWSSG N PULOSS

VSWR
NOTCH

CWSSG N PUSSG
a-

P

BUFLOS + CWSSG M PULOSS
-U

(VSWR
MAI N

CWSSG M PUSSG

J VERSI ON 2

PG=P5.BB P5=P4•NT P3=P2.BT
I 

P4=P3•CB P2 P1.D 
A

EI~ EMN 

~~~~~P4~NR 

CB 

~~~ 12=P2•BR

P7=P6MR P8=P7..EMN P11=P10.EN

P10=P8+P9 P13=P11+P12I
F igure  5-1 . Oscil lat ion Threshold Computer  P r o g r a m  Layout.
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out . Both loops shown in Vers ion 1 are computed s imultaneously. The uppe r loop
cons iders  on ly the e f fec t  of a ref lect ion at the helix notch (or buffe r ski r t ) region
and the second loop con s iders only the effect  of the main attenuator VSWR , as

if each existed independently.  This model enables us to determine the wors t
cas e for these loop s , since they assume that all output reflected powe r a r r ives
unscathed at the ref lec t ion in question - a hig hly improbable worst  case.

Vers ion  2 of the program, wh ich can b e ca lled b y a single added input
opt ion , is the more general  case. It accepts reflections from the bridge , notch-
buf f er area, and main attenuator skir t  as input data , for each i teration , and
calculate s the ioop gain for that combination .

Version 2 beg ins with an assumed valu e of power a r r iv ing  at the output
of the pulse stage. This powe r is reduced by A , for  load and tube ref lect ions
combined , then attenuated b y D, the pulse stage loss. This powe r level, P2,
is then split in t o two compon ent s : th e power reflected f rom b r id ge area re fl ec t ion ,
P 12(which is added to the fo rward power a r r iv ing  at the br idge ) and the powe r
rema ining, P3, which is attenuated by the loss in the last part  of the CW stage , CB .
This power leve l, P4, is then sp lit into two components : the powe r reflected
from the notch-buffe r area , P9 (which is added to the forward power a r r iv ing
at the notch buffe r area),  and the power remaining, P5, whi ch is at ten uated b y

-. 
L the loss of the buffe r a t tenuator  and the middle helix section. This power level,

P6, is then reduced by the re flection coef f ic ien t  of the main at tenuator  to P7 ,
and then sent along the circuit as injected forward si gnal , where the small si gnal
gain of the three sections , as well as the reflected si gnals , P9 and P12, are
applied as they occur. The resultant level, P14, is compared to the in itial
power , F, and the loop gain is established.

I
Using Version 2, some values of bridge reflection thresholds were cal-

culated: for  a 1.001 VSWR at the main attenuator and also at the notch-buffe r
a rea (essen t ially no reflection), the br idge threshold is 1.75/ 1 VSWR , for a
3/ 1 output load VS WR and a 2/ 1  tube output VSWR at worst  phase, namely,

I
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6 . 0 / 1  net output VSWR . This shows that the br idge  ref lec t ions , which  are
always below 1.5 /1  VSWR , cannot caus e the second stage to osci l la te  at any

drive level.

It should be noted that these  computer programs neglec t  phase sh i f t . This
limits their usefulness  to modelling which as sumes that all ref lec t ions  always
re tu rn  in proper  phase for maximum addit ion of si gnals . This worst -case
approach is j u s t i f i ab l e  because the wide bandwidth of this  tube will  pe rmi t  pro per
phase to ex is t at so me p lace in the band. However , osci llation depends upon
being in the h ighes t  small si gnal gain region of that band . It is lx s s ib l e  then , t h at
the necessary  phase and gain condit ions will not co-exis t , even when the p rogram
indica tes osci l la t ion condi t ions.

6. 0 S E P A R A T E  POWER SUPPLIES TES TING

Second s tage  powe r output in the basel ine  des ign  falls off at the uppe r band
e dg e  at about FH

_ Z  (See Fi gure 6- 1) . Since all tes t ing  had been done with E
- 

optimized fo r  CW mode ope ration, it was fel t  that the pulse s tage was not pe r fec t l y
optimized for  beam voltage. Before  compute r modelling for  hi ghe r  power was
b e g u n , it was n e c e s s a r y  to d e t e r m i n e  the optimum E for  the pulse stage so
an accura te s imula t ion  could be es tab l i shed .

The dual mode tes t  set was modified to allow operation at separate voltage
for each stage.  Gain curves were  taken at various beam voltages , as shown in
Figure 6-2. From this curve it is seen that the optimum voltage is near  8. 5 Ky .
Figure 6-3 shows the powe r and pulse-up gain at this voltage. The conclus ion
from this test is that the puls e stage was being ope rated 150-200 volts too hig h,
and that hi gh-end  power drop is much less pronounced when voltage is cor rec ted ,
i .e ., the second s tage has more bandwidth than it had appeared to have at
consta nt voltage condit ions .

1
I
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Figure  6-1. S/N 17 Sing le Voltage Test  Pulse Stage.
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Figure  6-3. S/N 17 Dual Voltage Test.
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7 .0 PULSE STAGE - NEW DESIGN FOR HIGHER POWER

7. 1 Compute r Model of Pulse Stage

Before  the second stage des ign  could be m o d i f i e d  for  h i g h e r  powe r

output , an accu rate computer model was requi red.  The e x i s t i n g  model was not

a close enoug h fit to the observed data .

Drive power l imitations are ari  important  factor  in second s tage tes t ing :

since the maximum power output of the f i r s t  s tage is l imited , complete t rans fe r

curves into the overdrive region  cannot always be taken. It is expedient to base

the simulation on matching the test results in the small signal region as well in

the operate region to insure a good ove rall match of the t r ans fe r curves.  Towards

thi s end , da ta is shown for two points on the t r ans fe r curve ; P - JO dBm drive ,

in the small s ignal  region , and P dBm drive , in the rated ope rate reg ion .

Figure 7- 1 is the power output at P dBm drive vs frequency for  the

most  recent  tube , S / N  17, compared to the computer model which was es tabl ished

dur ing  this program.  The match is excellent .

Figure 7-2  is the powe r output at P - J O  dBm drive vs f requency for

S/ N  17 compared to the new computer model. When the S/N 17 curve is dropped

by I dB (dashed line) the agreement  between computer model and tube data is

excellent . The reason for  the 1 dB reduction is that the loss of the second stage

mus t be considered in de te rmin ing  actual second stop drive . The actual drive
to the second stage is at least 1dB hig her  than the power measured at the out-

put port.  Since the tube t rans fe r function is linear in the SSG region , th is

adjustment can be taken in the powe r output curve or the power input curve in

order to correct  for its impact on gain.
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P 4 — 14 I I I~~~ I I 1

p + 1 2  - MODEL —

1P~ - 1 O - ~~~~~~~~~~~~
p + 8 -  - I

2

—

p + 4  — -

FL FH
FREQUENCY

809 14’49

Figure  7-1. Power Output Pdbm at Watts  Driv e S/N 17 vs Model.
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I I I
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S/N 17 - IdB ~~~~~~~~
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£
I-
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~ P
0

P — 2 -

I 
~~~ —

P - 6 -

I I
I F FHL FREQUENCY

I 809450

I Figure 7-2. Power Output at P-1O Watt  Driv e S/N 17 vs Model.
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7. 2 Pulse Stage CAD

Some computer des ign  work has been done u sing the computer model

described in the previous section . The gain of a 10KV scaled up version has

been computed, and is shown in F igure  7-3. Gain is plotted for two drive leve ls .

The rated curve shows that the 10 dB pulse up requirement  is met at all f requencies

except FH
_ . 1 to FH, and the small signal  curve show s excessive drop off at the

hig h end of the band. Fur ther  work will be done to correct  these def ic iences .

~. 0 C O A X-T O-W A V E G U I D E  TRANSITION

A th ree  stage impedance t r an s f o r m e r  f rom WR D 7 S O - D 2 4  waveguide to

red uced heig ht 50 ohm double-r idged waveguide which p re se rve s guide wave-

length and TE 2O cutoff  frequency has bee n deve loped , and a bac k-to-back t rans i t ion

bu ilt and tested.  The results , shown in Figure  8-1, except for the very low

band-edge , are cons idered  exce llent. Matching of coax into waveguide cur rent ly

is p r o g r e s s i n g with the three stage trans forme r while a new 6 stage t r a n s f o rm e r

has been designed in an attempt to improve band-edge VS WR .

Ma t ch work in the coax tr ansi t ion r e gi on has b een ca r r i ed  out : th ree runs

were  made using d i f fe rent coax insert  sleeve lengths . The results  of these  runs

were  somewhat inconsistant , leading to an investigation of the coax (SMA) connector

• . bein g used. Tests were made from waveguide into coax load and from coax into

waveguide load , through the transit ion (See Fi gure 8 2) . These tests  showed that

the SMA connector was not suitable for this task . Precision type-N connectors

were  then ordered for replacement and will be used for furthe r t ransi t ion match

tes t in g.

9. 0 DUAL STAGE COLLECTOR DESIGN

A dual stage beam collector pre l iminary  layout has been completed. To
achieve maximum internal volume for good radial beam spread, and lowest part
count , a cylindrical  geometry was chosen . Each collector stage is a ire-brazed
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subassembly. They  wil l , in tu rn , be loaded into a coppe r vacuum sleeve by
hea t  s h r i n k i n g .  A l ]  r e r a m i c  edges are capable of 9400 volt minimum s tandoff
at a grad ient of 25 ~ o1t s/- . 001 inch. Thu s, arcing,  d i scharges  and leakage
problems should be min ima l. The high voltage feedthroughs  form a stacked up
header  s imi l a r  to that used in ele ctron guns but with external connections made
at the header inner diameter . This approach eliminates vacuum pin seals (a
common re liabili ty prob lem) and pr ov ides an easi ly potted and shielded cavity
for the hi gh voltage lead te rminat ions .

Various d iameters  have been cons ide red  for the collector. The collector
design is dictated to some extent  by packaging cons idera t ions .  If mo re space

is available in the s y s t e m, the collector diamete r can be increased, havin g a
b e n e f i c ia l e f f e c t  on the thermal  d e n s i t i e s  in th e conduc t ion coo led package.
Analys is of the package constraints has been started by Northrop to s tudy the
possible tube package configurat ion.  Figure 9-1 shows a pre l iminary layout ot

I • the tube in the system boundaries.  A the rmal analysis  has also been s tar ted
by Nor throp  DSD . The results Qf this work are expected to provide suff icient
input to the tube groups to allow a final collector desi gn to be es tabl ished.  The
rf br idge length of the f inal  desi gn will be establ ished at the same time , s ince

the colle ctor - package area will determine the allowable bridge length .
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