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I
1.0 INTRODUCTION

Loss—l ine stabilized tubes have been under development at

• L i t ton  Indus t r i e s  unde r  the supervision of the Naval
Research Labora tor ies  since 1973.

Ear ly  deve lopmenta l  tubes demons t ra t ed  high power , wide
bandwid th  and efficient operation . In—band distributed

loss techniques  were developed to form attenuator sections
to provide  lowe r bandedge s t a b i l i t y  and to al low e f f i c i e n t

• operat ion at the high f r equency  bandedge . Stabijization

problems , however , at the  uppe i- bandedge prevented operation

at f u l l  design perveance .  In the last  tube preceding this
Contract , upper  bandedge s t ab i l i t y  techniques were improved
s i g n i f i c a n t l y ;  bu t , the tube  e x h i b i t e d  i n— b a n d  regenera t ive
osc i l la t ions  which  prevented  d i rec t  demonstr ation of this

• s t a b i l i t y  improvemen t .

The two tubes bu i l t  under  th is Contract both demonstrate d

osc illat ion sta bility at des ign perveance an d fully demon-
strated the potential of loss line stabilized tubes. The
design changes and the demons t ra t ion  of these two tubes
as discussed in this  repor t .  ~~~~~~~~~ ~~• •~~- • • ~~~~.

In addition to stability considerations there was an

additional effort to study AM-PM conversion in wideband

coupled cavity tubes. Calculations are presented which show

that low AM-PM can be obtained over a considerable portion of

the hot bandwidth. Design changes were implemented in these

I tubes to minimize AM— PM conversion . Lower AM— PM conversion

was demonstrated on these tubes than on comparable loss

I button tubes.

I 
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I I
Table I shows typical electrical and RF parameters for

I the L—5 631 loss line stabilized coupled cavity TWT .

I TABLE I

i L—563 1 — Loss Line Stabilized CCTWT

1 Typical Electrical And 1W Parameters

I Cathode voltage 32.0 kV

cathode current 6.5 amperes
• Gri d pulse volta ge 300 volts

Grid bias voltage —500 volts
Filament voltage 10.5 volts
Filament current 5 amperes
Collector voltage 10.6 kV
Power out put 20 kW
Frequency 7 — 11 GHz
Gain 36 dB m m .

1
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2.0 AM—PM C A L C U L A T I O N S

AM—PM convers ion is the incrementa l  increase of total
phase s h i f t  through the tube  for  an inc rementa l  dr ive
power change . It is zero in the small  signal or l inear
region and non — zero  in the large signal or non—linear
region .

The dependence of AM— PM on the tube parameters , b , OC ,
C an d d was inves t igatec’ using a large signal computer

program 21 . This program was written by Dr. J. R. M .

Vau ghan of Lit ton In dust r ies an d has been pu blishe d in
the IEEE Transactions. It has since been modified to

inclu de absolu te  phase. The program essent ial ly  calculates
the power , gain , phase , etc. in a cavity by cavity sequence

throu gh the tu be. The electron beam is mo de led by a beam
segment having one RF period which is subdivided into

12 disks of charge . The parameters b , OC , C an d d are
calculated fr om P ierce’s theory and are calculated for

reference only. They are not used in the large signal

calculations.

The program in general works quite well in modeling tubes

up to sa tura tion , but does not work satisfactorily beyond

saturation in the overdrive region . We were , however , most
intereste d in studying the near saturation region where

the nonl inear ity process begins and , therefore , for this
region the program was adequate .

The dependence of AM —PM on the synchronism parameter  b
was invest igated using a long section of c i r cu i t  wi th  no
a t t enua to r  and no sever. In pract ice the tube would
oscil late but  t.his fact  is un i m p o r t a n t  for the ca lcu la t ions .
It was im portant. not to allow sever or attenuator effects

to i n f l uence  the resul ts .

1
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• The circuit investigated was the broadband type used in
the loss line tubes. Figure 1 shows the unloaded ~—B
diagram for this circuit. The circuit is coalesced

at 12 GHz so tha t  no stop band ex i s t s  between the
passband and the slot mode. The hot band is from 7 G}Iz
to 11 GUz .  Cold test  data  for  th i s  c i r cu i t  was used
in the ca l cu la t ions  for  AM—PM conversion.

Figure 2 ~~~~~ the resul ts  of the  computer  ana lys is  at
mi dband (9 0Hz). AM— PM conversion is shown plotted

against power output for several values of the synchro-

nism paramete r  b. For low power output the AM—PM

conversion is low regardless of the  value  of b. This
corresponds to the small si gnal region . In the large
signal region the  AM—PM conversion . ncreases and ,
depending on the value of b , can be quite large . In

the upper right corner of Figure 2 the small signal gain

per cav ity is sh own as a funct ion of the synchron ism
parameter b. For values of b greater than bo, the value
of b for~max imum gain , both the AM— PM conversion and Inc

efficiency are high . As b is decreased there is a region

of b in which the AM-PM conversion is minimum. For

midband the maximum AM— PM from small signal LO saturation

is about 2°/dB in this region (1 ~ b ~ 1.5 ). For low

values of b the AM-PM conversion is large and the efficiency

is low. The AM— PM conversion -also changes sign indicating

a shorter tube phase length. It is also interesting to

note that for high efficiency operation the maximum AM-PM

occurs at saturation while for an undervo).taged condition , the

max imum AM-PM occurs before saturation .

Figure 3 shows the computer results for the lower bandedge

of the tube. At this frequency the circuit impedance

— 4 —
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is high and the value of C is almost double that at
m i d h a n d . The AM—PM c o n v e r s i o n  is m i n i m u m  near  b 0
and is  less t h an 10,1I~ over the drive range from small

s igna l  to sa t u r f l  ~ion .  The improved  AM —PM characteristics

at 11w lower b andedge are  due to the  h i gh  value C and

the low v a l u e  of OC. The circuit is highly under-

volt .aged a t  this f r e q u e n c y ,  b u t  the  e f f i c ie n c y  is s t i l l
reasonable  a l t h o u g h  much  lower  t han  i t  could  be for  an
o v cr v o lt ag c d  c o n d i t i o n . The m i n i m u m  AM —PM vo l t age  at
the lower  bande dge is the  same v o l t a g e  for ’ w h i c h  the
m i n i m u m  occurs  at  m i d h a n d .  T h i s  somewhat  unexpec t ed
r e su l t  leads to the  c o n c l u s i o n  t h a t  a m i n i m u m  A M — P M  can
be ob t a ined  over  a large p er c e n t a g e  of the  to ta l  band-
width.

Figu re  4 shows t h e  AM—PM c o n ve r s i o n  ve r sus  power ou tpu t .
fo r the  uppe r  f r e q u e n c y  h a n d c d g e . Th e .tn ped anc e  is low
at. t h i s  f r e q u e n c y  and t he  co r re spond ing  v a l u e  of C is
low and the  v a l u e  of’ QC is q u i t e  high . The best  AM — PM
at a reasonable  e f f i c ie n c y  occurs  j u s t  below t h e  m a x i —
mum smal l  s igna l  gain at  about  b 1.36 . B e t t e r  va lues
of ’ AM—PM occur ’ for  lower v a l u es  @1’ b , bu t  the e f f i c i e n c y
f a l l s  o f f  d r a m at i c a l l y .  The m a x i m u m  AM —PM occurs  a t
s a t u r a t i o n  in t5h is case.

The best  A M — P M  v a lues  occur  across  the band a t  about.
30 k V .  F igure  5 shows t h e  o p t . i m u m  A M — P M  as a f u n c t i on
of ’ f r e q u e n c y  at  t h i s  voltage , it. can be seen tha t  the
AM—PM va lues  increase  wi t .h f r e q u e n c y  and the best r e s u l t s
are ob t a ined  at the lower bandedge .

Computer  runs  were made to d e t e r m i n e  the dependence  of
AM—PM convers ion  on the loss p a r a m e t e r  d .  F igure  6
shows the  A M — P M  conve r s ion  as a fu n c t i o n  of power ou tpu t .

- 8 -
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- for three  va lues  of’ the loss parameter. The calculations

I were made at the lower bandedge at the AM— PM minimum

(b = 0). For d z .2 the calculated AM— PM was less than

- 1°/dB. Doubling the circuit loss (d .4) doubles the

AM— PM conversion and also results in a loss of efficiency.

Furth er increase of the loss increases the AM— PM conver-

sion at the same output power and reduces the efficiency

of the tube. Therefore , the loss in the power section of

the tube must be kept minimum . For a PPM focused tube

all pole pieces should be copper plated for minimum re—

sistivity. No distributed loss should be intentionally

in t roduced to the power sect ion.

Additional computer runs were made to determine the optimum

posi t ions of the  a t t e n u a t o r  in the o u t p u t  section for  best
- . AM— PM results. The best results were obtained as expected

with the attenuator close to the sever and as far as
- possible from the tube output. In general good results

• were obtained when the length of the  power section was
• sufficient to yield 15 — 20 dB small signal gain. This

- 
agrees with results published by 0ber~~ and Nishihara 17 .

In conclus ion , the best AM— PM circuit design is also the

best circuit design for efficiency. Im pedance shoul d be
max imized to obtain a maximum value of C. This insures

I OC is low since OC ~ 1/C 2. Also , the loss parameter  d
1 should be minimiz ed . The best AM—P M values occur when the

I 
tube is undervoltaged. The best efficiency is obtained

for an overvoltaged condition.

I
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3.0 DESIGN M O D I F I C A T I O N

3.1 S t a b i l i z a t i o n

The upper c u t o f f  i n s t a b i l i t y  problem , man i f e s t ed  by
the ear ly  loss l ine tubes , was solved in these tubes by
increasing the loss per cavity at upper cutoff and by

including loss in nearly every cavity of the tube. The

cavities in the bellows and weld seal regions (8 total

cavities) cannot be loaded since they cannot be directly
exposed to the lossy ceramic .

Two loss l ines were used to obtain the desire d character ist ics
for the upper cutoff loss. A very high “Q” design was used

to suppress the oscillation while not “spilling ” loss into
the operating band.

The distributed loss attenuation was provided by two addi-

t ional loss lines or iente d at 1800 to each other. Since

the a t tenuators  are conf ine d near the sever thi s loss is
not added to every cavity in the tube. Two loss lines were

used to form the attenuator since the perturbations to the

circui t  are rather  large for th is ty pe of loa d in g an d an
uneven loa ding wil l  accentuate  mismatch es aroun d the 8p
3ii/2 frequency.

In all , there were four loss lines used to stabilize the

tu be — two for u pp er cu to f f  an d two for the d is t ribute d

loss attenuator. These are oriented as shown in Figure 7

at 90~ to each o ther .

3.2 Loss Rod F a b r i c a t i o n

Figure 8 shows how the loss rods were f ab r i ca t ed  for th i s
design . The high “0” cons t ruc t ion  is used for the upper
cutoff st.ahilizatier.. A th in stripe of loss is used

- 1 3 -
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to achie”e the desired e f f e c t .  The angular  o r i en t a t i on
of the s t r i pe  w i t h  respect to the coupl ing ir is pro duces
a va r i ab l e  “0” u s e f u l  in f ina l  cold test d e t e r m i n a t i o n
of the upper  band ro l lof f  cha rac te r i s t i c .  Figure 9
shows the match and insertion loss characteristics for

S/N 2001.  Note the sharp ro llo f f  at the high end of
the band ( 1 1  GF lz )  produced by the “ s t r ipers” .

A low “0” construct ion is achieved wi th  a heavy coat ing
over the ent i re  inside diameter. The electrical response

is shown at  the low end of the band in Figure 9 . 1 .  The
resonance is tuned below 7 GHz and the loss “ spil ls” out
over the operat ing band being very heavy at 7 GHz and
decreasing across the band .

3.3 Cavity Distribution

The cavit y distri but ion for both tu bes is shown in
Figure 10. There are 20 cavities in the input section

and 26 cavities in the output section . The input section

has an 8 cav ity launch su bsect ion an d a 12 áav ity attenu-
ator subsection . The output section has a 14 cavity
a t t enua tor  su bsect ion , a 4 cavity taper subsection , and

an 8 cavity power subsection . The taper subsection is

an attenuator section with high “0” in—band  loss which
effectively reduces the gain in the 7 — 8 GHz frequency

region but adds very little loss above 9 GHz. This

effectively extends the power section to 12 cavities at

the higher frequencies.

There are 8 loss rods ut ilized in this tube design , 4 in

each section . Cav ities2 21 , 24, and 49 are manifold

cavities used to convey the fluid to and from the loss
rods. The sever is a standard design . In the early
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- models of the loss l ine tube the loss rods extended
the fu l l  length of the tu be an d passed throu gh the

- sever.  - The cons t ruc t ion  ut ilized in this des ign prov ides
cons iderab ly  more RF i so la t ion between c i r cu i t  sections.

Each section , t he re fo re , is comple te  w ith  i ts own
set of loss rods.  The loss rod assemblies are
shorter and mechan i ca l l y  more s table .

i
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4.0 DES~GU FOR S/N 2001

Figure  11 shows the  c a v i t y  and loss di str ibut ion char t
• for S/N 2001.  There were 2 symmetr ic loss l ines , Ty pe A ,

hav ing  .6 dB r e fe rence  loss and 2 s y m m e t r i c  loss lines ,
Type B , h a v i n g  6 dB r e f e r e n c e  loss in bo th  the  i n p u t  and
ou tput sections. This reference loss or type  of loss
is cons t an t  over the to ta l  l eng th  of a spec i f i c  loss l in e .

In subsec t ion  1 , the  l aunch  sect ion , the Type A sleeves
were shor ted over the f i r s t  3 cav i t i es  and have .260 i n .
wide  X .125 in .  long s lots  in the  last  5 c av i t i e s .  The
Type B s leeves were shor ted  over the e n t i r e  l e n g t h .
There fo re  no i n — b a n d  loss is added in the launch  sec t ion
and there  is no loss at al l  in the be l lows region ( f i r s t
3 cavi ties).

In the i n p u t  a t t e n u a t o r  region , subsec t ion  2 , the Type A
sleeves have .260 i n .  wide  X .125 in .  long slots for every
c a v i t y .  The Type 13 sleeves had continuous slots .125 in.

wi de or iente d for heavy a t t enua t ion.  Su bsec tions 1 an d 2

were brazed together with the corresponding sleeves. The

loss rods were inserted and welded to the manifold cavities.

The man ifol d cav it ies were then braze d to the sect ion.
Loss line cov ers were wel ded in p lac e com plet ing the
section construct ion.

In su bsect ion 3, the out put  a t t enua to r  sect ion , the sleeve
geometr ies  were s imi la r  to subsect ion 2 except that there

- J were 13 cav ities.

The taper section used the same type sleeves as in sub-

sect ions  2 and 3 except  t h a t  the angu la r  o r i e n t a t i o n  of’ the
slot was var ied to lower the resonant  f re quency and pro duce
a l igh t  a t t e n u a t o r .
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Subsection 5, the power section , was similar to sub-

section 1 and the same sleeves were used with shorted

ends placed at the output end of the section .

Subsection s 3, 4 an d 5 were braz ed toget her with the
corresponding sleeves and with the loss lines and

manifold cavities in place formed the output section .

Computer runs were made at 7.5 GHz , 9 GHz and 10.5 GHz

for this design . The results of the large signal computer

run at 7.5 GHz are shown in Figure 12. In the launch

section the gain rate is ver y high but is then shar ply
re duce d in the a t t enua to r  region so that the net gain
is about 24 dB at the sever. After the sever the gain

rate is still curtailed by the attenuator. Even in the

power section the gain ra te  does not increase  un t i l  the
last 8 cavi t ies .  The tube  sa turates  at about  20 kW and
56 dB large signal gain. The drive characteristics are

shown in Figure 13. AM-PM at saturation is about 1.3°/dB

as calculated fr...m the 12 disk model.

The com puter  resul ts  at mid ban d (9 GHz ) are shown in
Figure 14. The effect of the attenuator is smaller at

9 GHz.  The gain ra te  is almost constant  throu ghout the
tube. The tube saturates at about 22 kW and a large

signal gain of about 49 dB. The calculated AM— PM charac-

teristics are shown in Figure 15. At saturation the

calculat ions show 1°/dB.

In Figure 16 the computer results at 10.5 GHz are shown .

The gain rate is low and some power is transferred outside

the power section indicating that it. is not quite long
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enough. The calculated output power is 16 kW and
the gain is about 41 dB . The AM—PM characteristics
are shown in Figure 17. At saturation the calculated
AM— PM is about 1.20/dB.
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5.0 TEST RE~ IJLT 3 FOR S/t ’I 2001

S/U 200 1 was focused wi thout  RE at  .1% d u t y  f ac to r .
The i n i t i a l  t r ansmiss ion  w/o RE was 92% . Figure  18
shows the RE performance at 32.5 kV , 6A w i t h  FC— 77 in
all the loss lines. The peak output power is greater

than 20 kW from 7.4 GUz to 10.85 GHz. From 7.0 GHz to

11.0 GHz the peak output power was greater than 13 kW.

Figure 19 shows the small signal gain variation from

7.0 to 11.0 GHz at 31.5 kV , 32.5 kV and 33.5 kV. At

31.5 kV the gain variation is about 24 d13. At 32.5 kV

corresponding to the data in Figure 18 the gain variation

is about 35 dB . Note also that at 11 GUz the small signal

gain is about 45 dB at 31.5; it is 35 dB at 32.5; and

25 at 33.5 kV. The sensitivity of the tube at 11 GFIz

is due to the high value of OC an d the loss prof ile in
the neighborhood of 11 GiIz. Figure 20 shows the output

power at. 33.5 kV. Note the power falls off rapidly beyond

10.0 GHz.

Raising the cathode voltage and current has the results

shown in Figure 21.  At 33.5 kV and 7A the  tube meets
S 

the min imum power specification at the bandedges . The

peak power is in excess of 40 kW over most of the band.
The transmission for these conditions is about 92.0%

— .- withou t RF . Figure 22 shows the corresponding gain van-
ation over the band is about 40 d13 . Note that the
min imum small signal gain is 42 dB.

The tube showed no i n— b a n d  osc i l l a t ions  even at  8A where
the small signal gain was c l ea r ly  in excess of’ 80 dB.
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- 
The cathode voltage could not be reduced much beyond

~~. 
32.5 kV with FC-77 in the loss lines without encountering

drive induced oscillations. The tube , however , was
- quite stable without drive down to about 31 kV at 6.OA .

- In order to operate the tube at cathode voltages less

than 32.5 kV different fluids were used in the loss

lines. The results with ethyl alcohol are shown in

• Figure 23. The tube was quite stable with drive at lower

cathode voltages but the per formance was poor due to the
high loss tangent of ethyl alcohol. Comparison with the

- 
performance of FC—77 at 32.5 kV , 6A shows tha t increased
loss extended well into the operating band. 

—

A suitable coolant having a low loss tangent and a
• s l ight ly  higher d ie lec t r ic  constant  than FC — 7 7 is DC — 2 00 .

This f lu id  is cur ren t ly  used in Litton carcinotrons.
Figure 24 shows data wi th  DC—200 compared to FC —77 .
Notice that  the power is lower at 11.0. Approximately

- 

I 150 MHz of band has been lost for the same power output;
that  is , at 10.85 GH z the same power ou tpu t  is obtained
as wi th  FC— 77 at 11.0 GHz. The tube with DC—200 is corn—- pletely free of dr ive induced osci l la t ions  for cathode
voltages as low as 31 kV.

Figure 25 shows the power data for 31.5 kV , 6A.  The
power is lower across the band and particularly at 7.0 0Hz

. .  where it is about 1 dB lower.  At 11 0Hz the power is

nearly the same as shown in Figure 24 so tha t  the sa tu ra t ed
power has a more symmetric shape.

The cathode vol t.age was set at 31.5 kV , 6.5A and AM— P~1

• data was taken across the band. This data is shown in

Figure 26. The tube was set up at s a t u r a t i o n  and the 

~~~~~~~~~~~~~~~~~~~~ — ., - —
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drive power was reduced 10 dB. The total phase deviation

over the range was divided by 10 to obtain an average

AM—PM number. In the frequency region from 10.0 to 11.0

the phase deviation was large enough to make more refined

measurements. The high value of AM—PM at 11.0 GHz is

due to several factors:

1. The increased dielectric loading at 11.0 causes

the velocity of the circuit to be lower so

that the circuit is strongly overvoltaged at this

frequency.

2. The impedance of the circuit is lowered consid—

erably, thus the gain is low , the out put section
is too short causing sever effects.

3. The loss per unit length is increased particu—

larly in the power section which is detrimental

to AM—PM conversion .

— Start oscillation data was taken for the tube and is shown

in Figure 27. Oscillations occurred primarily in the

input section . This was due in part to the higher current

in the section , but mostly due to the poor ro l loff  at the
high end of the band. With air in the loss lines the start

oscillation current was minimum. The oscillation frequency

varied from about 11.05 to 11.22 . With FC—77 the oscillations

had a higher threshold. With DC—200 no oscillations were

observed above 30 kV. The only output section oscillation

occurred near 11.0 GHz when drive was applied to the tube

• at particular voltage and current levels which maximized the

gain at about 11.0 GHz.

The tube was final focused with DC—200 at 32.5 kV and 6.5A

for full duty operation . Transmission without RF was 95%. The

tube was run at 2% duty factor. There were no significant

changes in the tube at 2% duty. There was a gradual .2 dB

change in the power at 1 1.0 GHz from the snap on power value

after about 20 seconds. At 1% duty about .1 dB change’ wa~ seen.
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6.0 DESIG fl FOR S/tI 2002

S/N 2002 was built like S/N 2001. With the exception

of the loss—line  sleeves a]. l other  tube  pa r t s  were the
same . Figure  28 shows the c a v i t y  and loss d i s t r i b u t i o n
chart for S/N 2002 design . The input section consisted

of 20 cav ities and the output section of 26 cavities.

This is the same c a v i t y  d i s t rib u t i on  used in S/N 2001.
The o u t p u t  section was composed of three  subsections
also as S/N 200 1 w i t h  a p p r o x i m a t e l y  the  same avera ge
cav i ty  load ing .  The bellows in the 2002 design has

been placed at the termination end of the section. This

allow ed 2 mor e cav i ties at  the out put  en d to be loa ded
with  u pper cutof f loss. Th ere were four  com p l e te ly  un-
loaded cavities in S/N 2001 at the output end whereas in

S/N 2002 there were only 2. This change was made to

eliminate the drive induced oscillations seen in S/N 2001.

This was accompl i shed  as demons t ra ted  in the tes t ing of
the tube (Section 7.0).
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7.0 S/N 2002 TEST RESULTS

S/N 2002 was focused without  RF at . 1% du ty  fac tor .
The t ransmiss ion  was 94% at 32.5 kV , 6 .5A .  Figure 29
shows the RF performance with FC—7’( in the output loss

lines . This saturated power performance is very similar

to S/N 2001 as would be expected since the two tubes are

of very sim ilar design.  This tu be , S/N 2002, is however
stable with FC.-77 and shows no drive induced instabil-

ities. (See Section 6.0) 
-

The output power is greater than 20 kW from 7.5 to 10.7 GHz
with  a midband e f f i c i e n c y  of greater  than 15% wi th  no
collec tor depression. The bandedge power at 7.0 GFfz and

11 GHz is gr~ ater  than 10 kW.

Figure 30 shows the large signal gain versus frequency
corresponding to the saturated output power in Figure 29.

The gain max imum of 70 dB occurs at 8.0 G I-lz. The min imum
is 36 dB at 11 Gllz.

Figure 31 shows the start oscillation data for this tube.

This input section is very stable. This section can be

undervoltaged down to 29.5 kV at 6.4A without oscillation.

In the unstable zone , th e osci l la t ion occurs aroun d a
little dip in the insertion loss. This dip can be eliminated

by increas ing the reference loss sl ight ly  in the loss lines ,

but is not a ser ious problem as the data shows.

The output section stability is not. as good. This is

because the o u t p u t  sect ion is longer than the inpu t  and
the rollof f’ is not as sharp. It is, however , sufficiently
good for a stable tube at 6.5A and 31 kV.
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8.0 CON CLU SIONS

Two wideband low AM— PM loss—line stabilized coupled

c a v i t y  TWT s were b u i l t  and d e m o n s t r a t e d .

Both tubes  were o sc i l l a t i on  s tab le  beyond the  design
c u r r e n t  l eve l .

The two tubes  were of s imi l a r  design and had s imi l a r
electrical and HF performance.

The beam transmission characteristics were excellent ,
p a r t i c u l a r l y  for  w i d e b a n d  tubes .  N i n e t y — f i v e  percen t
t ransmission  was measured w i t h o u t  HF , 90% w i t h  HF.

The HF performanc e char acter ist ics of t hese tu bes ar e
superior to current production loss button stabilized tubes.

The HF efficiency is higher , particularly over the

high frequency portion of the band. This is because

the out pu t sect ions of the loss lin e tu bes are long
enough to provide sufficient small signal gain between

the circu it sever and the output cavity for good

efficiency. For the same reason the AM— PM conversion

for these tu bes is bet ter than the convent ion al loss
button tubes. The gain variation across the frequency band

is lower because of the high loss int ro duc ed at th e
low end of the band by the frequency selection attenuator

sections. The HF duty factor is inherently higher

because the loss lines are fluid cooled ; (the RF power

absorbed by the stabilization loss is a limiting duty

factor for wideband tubes) . The improved duty capabilit.y

of the loss lines could not be demonstrated because the

beam interce ption on the circuit was the duty limiting

factor for these tubes. (The limiting duty factor of the

loss lines could best be demonstrated in a solenoid version

of’ this tube.) 
-- J I — 4 9 --.
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Table II shows a comparison of the per formance  charac—
ter is t ics  for these tubes w i th  the design objec t ive .

The peak power specification was demonstrated over

most of the band (7.35 GHz — 10.75 GHz). Ten (10) kW

min imum was demonstrate d at the ban dedges , 7.0 GHz
and 11.0 GHz. The out.put power over 70% of the band

was f l a t  with in ± .5 dB.

The ban dwi d th and sa tu ra te d ga in excee ded the
spec i f ica t ions .

The AM— PM distortion objective specification of .5°/dB

was not met. An average AM— PM of 1°/dB — 2°/dB from ‘1 - 10 G}lz
was measure d in t he dr ive power region from sa tura t ion to
sa tu ra t ion  minus 10 dB. The AM —PM conversion is less
for drive power greater than saturat ion an d is higher
for frequencies above 10 GIIz.

The e f f i c i ency  spec i f ica t ions  of 15% was met  from
8.0 — 10.0 GHz and was 7% minimum at 7.0 and 11.0 GHz.

The s t a b i l i t y  of the tubes is adequa te  for operat ion in
the maximum b a n d w i d t h  mode.  The t -ubes can be under—
voltaged s l i gh t l y  ( 5 % ) .  At least 10% overvol tage is
possible. No regenerat ive osc i l la t ions  were measured at
any vol tage . The cu r ren t  s t a b i l i t y  is be t te r  than
6.5 amperes.

S/N 2001 was operated at high du ty  factor  to evaluate  the
average power capab i l i ty  of’ the loss l ines.  At 2% du ty
factor  there was less than .2 dB change in ou tpu t  power
fade at 11 GH z .
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9.0 RECOMMEUDATIONS FOR FUTURE WORK

Fur the r  development  of loss l ine tubes should inc lude :

1. Improved design of the in—band attenuators •

a)  
- 

Provide higher a t t e n u a t o r  loss for more gain
equa l i za t ion .

b )  Develop more rigid ly controlled reference loss
d i s t r i bu t ions .

c)  
- 

Develop more sophis t i ca ted  taper sections to
improve the match of the attenuators to the un-

loaded sections of l i ne .

2. Develop solenoid version to test limits of loss

l ines.  Present ly  2% du ty  l i m i t a t i on  is a focusing
limitation . The thermal limitation of the loss lines

have not yet been established.

3. Qualification testing —— Tubes should be qualification

tested to determine the su i t ab i l i t y  of the present mech-
anical design . Shock and vibration testing is essential

to insure tha t  the present  mechanical  conf igura t ion  of
the loss lines is adequa te .
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