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FEASIBILITY STUDY

I. INTRODUCTION

This study was undertaken as par t of a mu l t i pactor sw i tch program
conducted under contract No. N00l73-76-C-0294 . The major interests
of the study are as follows :

1 . Operation with design input l evels from 1 kw to ~~kw
wh ile maintaining high isolation.

2. Average power han dling capability relative to incident
peak power with 10 to 50% duty cycle.

3. Bandwidth extension up to full waveguide bandwidth (I and J
bands) inclu ding effects on insertion loss.

4. Unit to unit reproducibility with emphasis on the transmit
state.

5. Driver requirements relative to switching speed and
repetition rate.

There are several fundamental boundaries which exist within a multi-
pactor switch which will serve as gu idel i nes for this feasibility
report .

1. The circuit must be capable of passing the full peak power
through all por ti ons of the circuit length. Primarily
voltage gradients determined by dc switch biasing and
RE leve ls  must be consistant with pulse width , gap spacing,
and loca l ized circuit impedance.

2. Space charge limited operation will be assumed.

3. Secondary emi ss ion rat io  greater than unit y w i l l  be l im i ted
to striking potentials in the range of 25 to 2500 volts .

4. The capac itance of the multipactor devices will be limited
to 50 to 100 pf.

5. Switching voltage will be limited to 2500 volts .

6. Only the fundamental N = 1 , X/2 mode mul t ipactor w i l l  be
cons idere d .

I I.  DESIGM FACTORS

Background obtained on hardware phase of program.

t
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The major effort on the program has been to develo p a J band multi-
pactor switch centered at 15 GHz . The desired device presents
challen ges with regard to high impedance circuitry , high secondary
emission at low striking potentials , bandwidth , insertion loss , and
very small spac i ng . Mundane challenges with stepped brazi ng
techniques were presented by the use of Beryllium and Beryllium
Copper secondary emitters and with process i ng to ma i nta i n secondary
em i ssion for good life of the unit .

Not all of the challen ges were met sat i sfactoril y wit h i n the time
and funding restr ict i ons , and in fac t there are mos t likely some
challen ges yet unrecognized . However , much progress has been made
in understanding the devices.

The ori ginal work for a mult ipactor switch was sponsored in the
early 1 960’s by Rome Air DevelQpment Center under contract
AF3O (602)164l, Ref. 1. The wo~’k was performed by a Division
of General Electr ic Company whi Th was purchased with its technology
by Varian Assoc iates in 1 965. ‘

~

A. Circuitry

As i n most microwave tu be desi gns, the circuit determines the
overall characteris ti cs of the dev ice . When the ci rcuit i s
understood and well suited to the application , the degree of
success is optimized . Much of the effort on this program
was concerned wit h evalua ti on of ci rcu it s.

1. Ridge Line

The i ni tial ci rcu it explore d was a ridg e line wit h one ri dge
isolated so it could be biased to inhibit inultipactor. (Fig. lA)
The isola ted ri dge was called the “modulatin g elec trode ” and
it was supported by a rath er complicate d cho ke system and
heliace d in posi ti on . The net resul ts were hi gh i nsert i on
losses and diffi culty i n match ing. Full solu tion for th i s
support system could not be found wi thin the time and fundin g
l im i ts of the program.

Non thel ess such a device was built an d tested wi th extremely
fast switching capability measured with a sampling scope as
less than 5 nanosec, and indirectly with a spectrum analyzer
as approximatel y 1 1/2 nanoseconds . The rela tivel y low
impedance of the distrubuted transmissi on line resulted in
multipactoring at power level of 30 to 35 kw. This level
was much too hi gh for the hardwa re phase but the results
fit nicely into the feasibility study where power levels of
up to 50 kw are of In terest.

I

___  
--- - - --
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2. Comb Line Structure

The desired circuit for this program was i ni tially a comb
l i n e  because it offers hi gh impedance. The early work with
the comb line circuit was complicated by the mounting
structure as was the ridge li ne , but t he more fundamen tal
d iff iculty ex perience d was how to tune the indi v id ual com bs
for op timum match and pro per mul tip ac tor resonanc e at each
section. The solu ti on to tuning was an adapti on of TR
tube tec hnology as indi ca ted in Fi gure lB. Here thi n
co pper di aphrams are stre tche d to c han ge the ga ps for
tuning. During this study , the bi as fea ture was reta i ned in
the modulat ing el ectrode.

Circuits of this type were never assembl ed into a vacuum
structure on this program because of the conversion to a
more el ementary circuit , the x/4 coupled blunt TR circuit
wh ich will be described in section A-4 .

3. The A/4 Cou pl ed, A /2 Distributed Line

In t ime se quence , the circui t work next concentra ted on the
basic distributed line , similar to the rid ge li ne . In an
effort to resonate the line and thereby build up effective
impedance, A/2 sections of the ridge line were coupl ed by
x/4 high impedance line , as s hown i n Fig ure lC . Th i s wa s
t he firs t line tes ted on the pro q ram wh i ch demonstra ted simul-
taneousl y a good match , broad bandwidth and insertion loss
of approx imatel y one (1) dB. Match and transmission data
are therefore reproduced as Figure 2A whil e Fiqure 2C is a
photograph of the actual wavequide inserts.

Clos e spac i ng i s essential for mult ipactor i ng at low peak
RE levels and therefore it is most signifi cant to note that
these data were recorded wi th gap spacings of .005”.

In a crude atteipt to show that such a circuit could be
biased to provide switching, one half of the c i rcu i t was
isolated from the waveguide by the use of tape . Total
capacitance was measured as 200 pf which would be impractical
to switch at hig h speeds; however , one or two sections of 30 pf
each became realistic to switch. Most Importan t i s the fact
that the gap between the line was reduced to .003” with
re lati v l y minor changes in low level characteristics as shown
In Figure 28. This Is essential If low leakage is important.

4. The ~/4 Coup led fl lun t TR Circuit

The el ementary TR tube consist s of a series of x/4 coup led
resonant wi—dows . Basica lly a resonant window differs from
resonant transmission line in tha t the window is a l umped
element whereas the transmi ssion line Is distributed . In essence
then the circuit described in A— 3 Is quite similar to that in
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a TR tube except it cons i s t s  of len gths of d istr ib uted li ne .

By blunting the TR tip as shown i n Fig ure lD , a relat i vel y
lar ge mul tipactor are a was prov id ed. When the poten tial
of this TR type c i rcu i t for the mul tip actor sw i tch was
real i zed , Var i an concentrate d i ts effor ts on t h is a pp roac h.

A series of single element testers were evaluated , w h i c h
described the Q, the blunt gap spacing, and the gap diameter.
From this, resonan t impedance were calculate d w hi ch i n turn
were used to calculate the multipactor resonant power level .
The com plete design information for the frequency, peak power
level , and bandwidth of interest is summarized in Figure 4.
Sim i lar  des ig n curves coul d be ma de for any other ban d or
fre quency.

Typi cal low level charac ter i sti cs for a s ingle elemen t
blunt multipactor resonator without switching capability
i s shown in Fi gure 5. Hig h level mul tip ac tor performance
is indicated in Figure 6 where transmitted , reflected ,
an d a bsor bed powers are charac terize d .

The gap spacing and low level resonance data indicated the
mu lt ipactor resonant power of 1400 watts . Actual test data
indicates multipactor limiting from approximatel y 200 watts
to 3 kw . The low level corres pond s to hi gher order modes
while the 3 kw l imit corresponds to the “Fire Throu gh” of
the fu ndamen tal , N = 1 , )~/2 mode where synchronous condition
cannot be maintained even with space charge loading.

Fi gure 7 i s a ske tch of a sw i tcha b le sec t ion of resonan t
blunt TR type gap. Fi gure 8 represents low level response
of a test sect ion for com par i son wit h the l im iter type of
section. (Fi g. 5)

B. Surface Condit ions and Space Char ge Effec ts

From a prac ti cal sta ndpoin t s pace c har ge w i ll bui ld up i n a
multipactor device only when the secon dary emi ss ion yi el d i s
grea ter than unity. Th i s yiel d of course i s a func tion o f
election striking potentials and surface condition . A typical
characteristic is shown in Figure 9. Because of the need for
low threa s hol d levels assoc i ate d w it h a fee d through power level
of less than 5 wa tts peak , the effort concentrated on Beryllium
oxide surface which has been used successfully i n Var i an ’s
SFD-26l CFA (Crossed Field Amplifier).

1 . Surface Conditions

In the CFA , the surface oxide is removed by backbombarding
electron s an d by ion bombardment. To rep lenish th i s
th in oxide surface a heated cupric oxide oxygen source is
operated throughout the life of the CFA and the internal
pressure of this oxygen is monitored via a small Vac Ion pump.

- - -----------. ~~~~~ . T T ~~~~ T~ — -- . -----.
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This surface support system was retained for use on the
mu lt ipactor  pro gram , but in operat i on its effect on surface
was not as pronounced as in the CFA’s. In the mult ipactor
discharge the ion bombardment is not a major factor and
could ex p l a i n  some d i fferences i n re plenishment  of the
surface between a CFA and a multipactor device. In the past ,
cons iderabl e effort has been devoted to processing of active
tu be catho des an d there i s ever y reason to be li eve tha t
such efforts will be needed to obtain satisfactory l i f e
and minimize starting jitter with multipactor devices .

In the devices tested there was frequentl y a finite time
required for the multipactor to occur. This is observed
as a sp i ke of ener gy pass in g throu gh the device . To
min imize starting delay a copious supply of free electrons
is des i red at al l  times . Toward th i s en d Var i an a pp l ied
radiotive material (PM147) in the vicinity of the interaction
area ; however , starting difficulties were apparent. Radio-
active tritium (H 3) in gasseous form was also tried without

“ success.

2. Space Charge Loadi~ g

An interesting effect of space charge is its lowering of
capacitance. In a narrow band resonant circuit this change
of ca pac itance can prov id e a means of mak i n g a s in gle pole-
double throw switch. In a broad band circuit the capacity
ch~ri~~ merely pert urbs the matc h empedance.

Using the method of Forrer and Milazzo (Ref. 1) and a test
vehicle with a multipactor gap length of d = .0122 inches
an d an operatin g frequency of 15 GHz , d/A = .0155, the
geome tr ical volta ge is ~~ 4846 volts . For the one half
cycle mode , Oos if between 32.5 degrees an d 40 degrees ;
thus us ing Fi gure 6 of the reference Vi/V* = 0.1 or Vi = 485 volts.
From the experimenta l data the power disipated , Pd, was
1 300 watts with 3 kw of incident RF power.

V i Irms = Pd.

Irms = 1 300/485 = 2.68 amps

For a mu ltipacting device the average discharge current ,

Ic = Irms (~1i) = 2.4 13 am ps

Using this current in equation 29 of the reference
‘ 24~ ‘ V k 2

=

~o ’ r1 2 N 1

Where

k rm /~ 
= .0 5/ .7866 = 0.0636

2 = .1143

___________________
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This indicates (from Fi gure 8 of the reference) a net
secondary emission ratio of only 2.8 for the beryllium
co pper secon dary emi tter .

Knowing the curren t within the device , it is now possibl e
to calcula te the ca pac iti ve tun ing of the resonant ga p .

fo= ,—
2~i~ LC

f s c = -  1 = fo/ I~2~rI[~~

where fo is the low level resonant frequency and fsc is the
resonant frequency with space charge .

The rela tive dielectric constant with space charge is K , where
2

K = l  - Ne
2 (Ref. 2)

mcow

N = electron density (electron/meter 3)

e = electron charge (1.602 x l0
_
~~ coulom bs)

rn = electron mass (9.1066 x l0~~ Kg.)

€ 0  = permittivity of free space (8.854 x lO
_ 12 

Farad/meter)

= resonant frequency (radians/sec )

The electron density can be found from the relationship

N -

vie

Where Jo is the current density, amps/rn3

= e/m = 1.76 x lo l l  coulom b s/Kg .
= V~ vi

Vi = the striking voltage .

Using the data of single resonantor multipactor describ ed

2
Ag = (2)  ~~~~

— 0.0011 rn2

N = 1.5 x io 17 electrons/rn3

K=0 .946

fsc = 
1 5 G H z  

= 
15.42 GHz

.946
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This compares quite wel l with the experimental conclusion
that the shift was from 15 GHz to between 15.45 and 15.58 GHz.

Aga in  the impor tance of th i s fre quenc y shi ft becomes
apparent when narrow band resonant circui ts are used. The
space charge loading can tune the resonator out of the band
of interest such that incident power is primarily refl ected .

Wi th proper microwave circuitry such as a 3 port circulato r ,
a sing le  pole dou ble throw sw it ch can be ma de.

C. Dynam i c Ran ge

Dynamic ran ge for th i s  swi tch a pp l i ca t ion  is def ine d as the rat io
of maximum transmi tted output to minimum output. (For a none
swi tchabl e limi ter, i t is def ined  as the ra tio of maximum i n put
power to leakage power).

Bas i call y, a mul t ipac tor  sw itch i s f i rst a l im i ter wh i ch a bsor bs
or reflects inci dent power v ia  the mul tipactor phenomena . To
make a swi tch , a bias vol ta ge or ma gnet ic f iel d i s in troduced
which inhi bi ts t he resonan t space char ge fl ow. In th i s b iase d
state,theent i re  RE si gnal i s transm itted wit h low res i st i ve losses .

The fac tors affect i n g dynamic range are varied , but primarily
are the fo l l owin g :

1 . Secondary Emission Characteristics
2. Vol tage Breakdown Limitation
3. Isolation of Spurious Paths
4. Intrapulse or Interpulse Switching
5. Combina tion Switch an d Lim i ter

1. Secon dary Em i ssion Factors

From var ious measurements the normal ran ge of secondary
emission greater than unity is from approximately 75 volts
to approximately 2500 volts. Beryllium oxide and silver
magnesium were found to have the l owes t uni ty cross over
po i nts of approx ima tely 25 an d 35 volts res pectivel y wi ’~h the
max i mum secondary yield generally accurred wi th striking voltage
of approximately 250 to 450 vo l ts. Fi gure 10 is
representative of the strikin g voltage vs. peak input power
for circuits wi th various impedance values . As an example ,
assume that a circuit with 250 ohm impedance can be bui lt
for any desired gap spacing. The maximum input power to
.yi eld a secondary ratio greater than unity would be
read at the intersection of the 2500 volt “Upper Secondary
Emiss ion Boundary ” and 250 ohm circuit line , or approximatel y
30 kw. The minimum input power (the threashold power , or the
leakage power) would be found by the intersection of the
“Lower Secondary Emission Boundary” and the 250 ohm circuit
line, or approximatel y 3 watts. The properly designed
circuit with variable spacing optimized for the l ocalized
power would therefore have 30 db of dynamic range. 

- ---— — ———--55--- - - -5--- - - - -5-—--—- —5- 
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If the circuit had programmed impedance suc h that  the in put
sections were low im pedance and the out put section s were
high impedance greater dynamic range “potential” ex i sts . For
exam ple , a 25 ohm input and a 1 000 ohm output would have
P in max = 250 kw and a P out mm of approximatel y one (1)
watt yielding a “potential dynamic range ” of 55.4 db . The
bandwid th would be determined by the high impedance output StagE..

2 . Volta ge Break down L imi tations

The term “poten ti a l ”  dynamic ran ge is use d i n the p revious
sec ti on because of other restr ic t ions . For exam p l e , the
ou tpu t sect i on w i l l  be tune d for the lowest t hreashol d
level cons i stant wit h secon dary em i ssion yiel d , impedance , and
spacing. This inherently means that the gap spacing is small
and the impedance is the highest obtainable, both of which
tend to increase the voltage gradient near the output.
However , the f u l l  i nc id ent power must  pass throu gh a swi tch ,
therefore the RF voltage gradient due to the peak incident
power must be consistant with normal gradients. For exampl e,
at 15 GHz a 1000 ohm circuit with 5 watts multipactor l evel
required a gap of only .0031 inches. At the 5 watt level
the RF vol tage gradient is only 33 volts/ mil. If a maximum
gradient of 1000 volts/mil is tolerated , the max imum RF
level which  can be transm itted throu gh tha t local i ze d ga p
is only about 1000 watts. Therefore , the dynam i c ran ge of
the mu ltipactor as a switch would be limited to only 23 db
regardless of what was done at the input sections.

In addition to RE gradients , the dc voltage gradient must be
added if the output section is switched .

No such l imi ta ti on exis ts i n a l i m iter because it is never
des i rea ble to pass the fu l l  peak i n pu t power w i t h m i n imum loss .

3. Isola tion Through Spurious Paths

In the circuit depicted in Figure llA , there are two elec tr ical
paths shown . The first and fundamental path is through the
desired multipactor region. The second is around the el ement
descr ib ed as the modula ti n g el ectrode .

In the earl y stages of the pro gram , much effor t was devo ted
to minimizing stray leakage through this 2nd path. In any
of the distrubited circuits indicated in section II the
probl em is real and must be solved . Based on circuit work
the best estimate of dynamic range limitation due to this
one factor  is a bout 30 db .

In the resonan t circuit developed later on in this program ,
similar paths exist as shown in Fi gure llB. However , better
choke sections are real izabl e and therefore the problem is
bel i eved to be un der better control .

- 

I L

~

- - - - - . — . - -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ :.



—--—--—-- ——~~ ‘—— ~~-- - - ---------—- - —-—----- - - -- - - -—~~~~~ -—-- - -~~-~~~~--- —~~~---- -. .-

VAR-R-45002
SWITCH DRIVER January 1978

Page 22

RF CHOKE

_ _  

_ _

nL
_ _ _r~

-
~

= ~~~~~~~~~~~~~~~~~~~~~~
- - 

MODULATING ELECTRODE 
_ _ _ _ _ _ _

~~ in —— —— .- -. ~~ ~~-~~~~~~~~ -—--- RF out

5 - 

~~~~~~~~~~~~~~~~~~~~
__ 

=l~~~~~~~~~~~~~~~~__5-- ~ 5 - .

,

FIGURE SPURIOUS PATH S WITH DISTRIBUTED TRANSMISSION LINE

SWITCH DRIVE R

11• 
-S.

-

RF CHOKE RF CHO KE RF CHOKE

_ _ _
_ I 

~~~~~~~~~~~~
- 
_ _ _

RF in - q -- RF Out

/ RESONANT CAP S

FIGURE 11. SPURIOUS PATHS WITH \/4 COUPLED RE SONANT GAPS

k. 
~~~~~~~~~ ~~~~TTiz~~. ~~-: ~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ -- —



----S. -- -- - -

‘S.- ~~SS

VAR-R-45002
Januar y 1978
Page 23

4. Intra pulse vs In ter pulse Swit ch i n g

When space charge effects are considered as in section B-2,
it becomes possibl e to design for either a reflective
or absorbt ive switch.

a. Intra pulse Swi tchin g, Narrow or Broad Band

At the normal operating peak power levels , the multi-
plicator process can be initiated during the the main
portion of the RE pulse. This phonemena can be interrupted
by the appl i cation of a bias voltage which prevents
electrons from striking one of the surfaces. With
the removal of the bias , the power l evels are wi thin
the ran ge where the mul t ipac tor process can be res tarte d.
If the circuit is narrow band the space charge can detune
the natura l resonance frequenc y such tha t some or mos t
of the inc ident RE voltage is reflected(as was the case
described in section B-2,)but the remaining RE vol tage
across the multipactor gap must be adequate to sustain
the space charge and kee p the cavi ty detuned . Such
operation describes either a broad band or narrow band
circuit capable of intrapulse swi tching.

b . Interpulse Swi tching

If the peak power is increased, and the bias voltage
inhibiting multipactor is applied before the start
of the RF pulse , the ful l pea k RF will be app l ied across
the mul tipactor gap. Beyond a certain peak RE voltage
it will not be possible to start the rnultipactor mechanism
wi th the removal of bias because of the accellera ti n g
RE vo l ta ge across the gap is too hi gh an d the resonance
phenomena cannot exist . The onset of this non-
mul tipactoring would seem to be a natura l upper l evel
for a mul tipactor swi tch; however , i t is onl y the u pper
level of the intra pu l se sw it ch i ng .

If the inhibiting bias is not appl i ed at the beginning
of the RE pulse, the proper RF voltage for multipacting
will be presen t sometime during the rise of RE pulse.
Few modulators can build up RE faster than the multipactor
buil d up. If a broadband circuit is used the space
charge will not sufficientl y detune the circuit and
essentiall y the incident RE voltage will continue to bu ild
up during the rise time and pass through the permissible
mult ipactor resonance and extingu ish. Such a device is
not switçha ble any longer and therefore, in genera l ,
it may be concluded that a broadband circuit has essen-
tially the same switching capability for either interpulse
or intrapulse applications.

If a narrowband circuit is used , the space charg e wi l l  bu i l d
up and detune the circuit , thereby refl ecting much of the
incident RE voltage . With this type of circuit much higher
RE level s can be applied than with a broadband circuit.

--- -- .- --



- - .-- ---.— -~~ - - -_ —S.-~~~— -- -,- - — . -——--.- - --—-S

VAR-R-45002
Janua ry 1978
Page 24

As an extra mode cdpability , th i s  i n ter pulse
swi tch can be ex te rna l l y  b iase d to i nterru pt the
mul tipactor mode and switch to a transmission mode
within the RE pulse. The converse, however , canno t be
accom pl i she d .

5. Com bi nat ion Swi tch an d Lim iter

The circuit of the previous sections inferred that all
elemen ts i nvol ve d in the mul tip actor process were bi ase d to
in h i bi t m u l t ipac tor an d a lso  tha t there is an up per level
of power beyon d which the mult ip actor process is not susta i na ble .

Consider now a dev ice as shown in Fi gure 12 which consists
of two distinct sections normall y in a sing le  vacuum envelo pe ,
but not necessar i ly so. The ou tput sec ti on is a simple
l im i ter wi th  no swi tcha ble el ements . There fore , it  has no
spur ious  modes of t r ansmiss ion as descr ib ed i n Sect i on 03.
Because no dc potential need be appl i ed , onl y RE brea kdown
must be considered . This factor could be used to desi gn for
ei ther l ower thres hol ds, higher average power transmission ,
or greater bandwidth.

An essential factor of this design is that the minimum
switched RE level must be above the multipactor level of
th i s out put sec ti on .

The i n put section becomes the only sw i tcha bl e por tion .
Since the total circuit need not be switched , the loa d
ca pacitance is reduce d ther eby min im i z i n g  the formida b le
ex ternal dr i ve re quiremen t .

The operat ion of this com bi na tion device is descr ib ed as
follows aided by Figure 12. As RE incident power is raised
the out put sta ge reaches i ts threashol d an d con tinues  to
l i m i t  un t i l  it reaches the fi re throu gh level . Bias ing the
in put section has no effect on this performance below the
fi re through level of the output.

At power level above the fire through level of the output
section , the input section becomes operational such that
its localized mul tipacting is controlled by the external
modulation. When the input section is biased no multi-
pactoring occurs In the input and its output exceeds the
fire through level of the output stage; the incident RF
level passes through the entire device with only the passive
insertion loss. When the bias is removed the in put switchable
section multi pactors , reducing the signal to a level where
the output sections multipactors , and l imits to its
threashold level . Switchin g the bias of only the input section
therefore controls the output over a larger dynami c
range than either section. 

~~~~~~~~~~~~~~~~~
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D. Driver Requirements

Mos t of the effort on the pro gram concen trate d on the mul t ipactor
device itself. However, there were certain restrictions which
were felt to be essential for the device.

1. Since the maximum striking voltage for unity emission is
approximately 2500 volts , th i s  was cons idered the u pper
lim it on the inhibiting voltage.

2. Since fast swi tching speeds were required the capacities
switched was limited to 50 to 100 pf to ta l .

In discussin g fast drive circuits with Wer ner Brunhart of Eima c,
the circuit shown in Fi gure 13 was said to be suitable for a
multipactor device presenting approximately a 75 pf load at up to
1000 volts. By varying the length or RG 58/U, the output pulse
width is adjustable.

To get a better picture of the switching probl em the simple charg ing
equat ion

Vi =~~~~- idt —_ !
~~

yie lds  the a pproxima te curren t re qui re d from the dr iver .  From 5

this the peak power delivered by the driver can be approximatel y
as V i j i and the peak energy delivered per pulse can be approximated by

W s(~a joules ) = Vi . it~t (iisec )

Table  I below indicates the rela ti ve value  for a 50 pf loa d
driven to Vi in 1 nanosec.

TABLE I

VI i Pp Driver Ws Dr i ver
Volts Amps . Kw u joules

100 - 5 .5 .5
500 25 12.5 12.5

1000 50 50 50
1 500 75 112.5 112 .5 

-

2000 100 200 200
2500 125 312.5 312.5

________________ 

I
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III. SUMMARY OF DESIGNS

Based on the experience of thi s program ,multi pactor switches as
tabulated in Tabl e II,are believed to be realizable in substantial
agreement with the goals of the work statement.

For 10% ban dwidth  des i gn s, the “Blunt ” TR resonan t elements appear
to be the most satisfactory design because of the hi gh impedance ,
so necessary for low leakage . Gaps with spacings as small as .003
i nches have been tested an d a ppear pract ical from t he stan d po i nt
of re produc ibi l i ty an d low loss.

Sim ilarly, the X/4 coupl ed X/2 resonator circuit has been found to
have grea ter bandwi dth than t he a bove c i rcu i t wi th low loss at
close spacings of approximately .003 inches. This second circuit
appears to be the best cho i ce for hi gh duty and broad bandwidth
because it can be effectively cooled especia lly at the l ower
fre quenc ies .

For the J band desi gns , the bas ic limitation imposed was the practical
gap spacing of .003 inches. At this spacing, the ga p vol tage for
resonance i s almos t 100 volts ; therefore the secondar y yi el d should
be qui te adequate . At I ban d , both the spacing and the gap voltage
indicate the limits of .003 inches. At lower frequencies the gap
spacing would be increased in accordance with gap voltage to
mainta in a minimum striking energy of approximately 30 eV. The J
band des ig n is therefore mechanical l y l im i ted to a bout 5 wat ts of
leakage wh ile the I band on 1o~,er frequency devices would be limited
by secondary yield to about I watt of leakage. For this reason
the J band device with 1 kw input should have less dynamic range
than :cm para ble l ower fre quency des igns.

When t~ie lower im pedance broad band circuit is used , the h i gher in put
power level s are permissible, but again with the penalties of higher
threshold leakage and higher capacity circuits. For the hi gher
du ty operation the peak input power must be reduced to limit heating.

Based on the measured power reflected with the 10% bandwidth circuit ,
the thermal calcula tions were based on onl y 50% of the inc i dent
power being absorbed within such devices . That 50% power loss in
turn was split between the two balanced halves of the circuit , and the
thermal im pedance of the swi tching el ement was used as that d8termining
the maximum temperature rise. With a temperature rise of 275
permitted to the heat s~,nk , the max imum expected temperature would
be limi ted to about 400 C which is a safe design criterion .

For the broad band circuit it was assumed that the space charge detuning
woul d be minimal and the full Incident power was diss i pated in the
first section in determining its temperature rise.

The capaci tances given in Table II of 30 and 40 Pf corresponds to
the estimated capacitance per resonant section .

If sufficient dr iver energy were ava ilable several or all of the
elements could be biased without really affecting the tabulation .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  
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IV . CONCLUSIONS

Multipactor swi tches appear feas ib le wi thin
the general guidel i nes of the stud y. There is no easy
way to rap id ly modula te these devices wi thout  su pp l y in g su bstant ia l
amounts of power. Vol ta ges , however, are qui te reason a bl e wi th
2.5 kv being about the maximum desireab le . Similarly, the driven
ca pac i tance does no t ap pear to ra pidly increase with decreas ing
fre quency .
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