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Introduce ion

The need of very low output impedance rf systems
for he a w :iart i c l e acce le ra tors has Led to the
deveLoomenc of ver/ soohis t ica ted arapli f ier

~-i£i >urations . Among them, Che use of a common-anode
f in a i ^IRD! L f i e r seems nos t prom is ing.

The functional r e l a t ion I 3 * I_ *-'J ?'<> "ok^ »
chat is normally given in grashical form, renders the
Drobi-sa non l inear and ana ly t i ca l l y unfeas ib le ,
esoecvally 3ince we are in teres ted in the lar»e signal
©Deration. A numerical treatment or the problem was
thus needed.

Numerical Solution

Some values for the parameters of the ISA3ELLS rf
rf the output impedance is defined in the Thevenin

Theorem sense, then class-A operation seetas inavoidable.
However, far particle dynamics only the voltage induced system preliminary design are in Table 1.^ The
oy tne bean is of real concern, and voltage requirements assumed grid drive is a sine wave, while the bunch
io -.oc necessarily demand a time invariant output profile is approximated with a raised cosine pulse .
LTiD^dance. a

These consider at ions led -is to inves t iga te che
ronJ i t i ans chat -mist be -net to obtain control over the
rejn-indue ad volcage. It was possible Co demonstrate
thjc in che connon anode case che induced voltage can be
l a r : e i y independent of :he bias anplied to the final
vj?e, if :he beam loading is very strong.

Operation Descript ion

v'hen the accelera t ing cavity is driven bv a common
ir. -} H.-5 ins 11 f ie r , "he beam current has to flow -nainlv
' . imi- j i the tube, thus tending zo cum the cube on men
'-i-a-iii cur ren t , rf ir iv-; , and z-ibe connection zo :he
; iv;f* are ~^cor}>*r).:' matched.-

is the bunch charge and - t i t s dura t ion .

Table I . Tube and Circui t Parameters.

In :n i s case, the hi?h vaIue for Che tube
^r insMnduccan:" ( low outout impedance) can be reached
•••' :n :he ream cur ren t , thus g rea t ly reducing or even
; jDi ress in? the quiescent cu r r en t . (The advantages in
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The state eauations for the circuit oz ~iz. 1
have aeen integrated bv means of a numerical aredictor

i-erty ?avir.a jnd m che use of lower plate dissipative - corrector rountine. At each steo of integration,
i i ),ir* i v i j ^ r . t and need not to be i i s c u s s e d ) .

\ : t e r the oear. aul se -^as ^or.e bv, che a m p l i f i e r ' s
••t 1 i fun-:'-1 nn : s to r e se t the i n i t i a l vo L cage across the
aji^lerac-Ln? i ao , ind in the case of a common anode
j - r L i ; : »r "TIG ieoer.js - ios t lv on tne rf d r ive and ./erv
. . : t le J-, :..a :u ies ;or . t DO m e , vnen reasonably chosen.

I" the Lceal case , che e l e c t r i c network co be
. - . . : ^ j m - p a r s ^s ir.own .n r i g . 1 , where only che

" •• " i-:-: a-iant 11 node : J taker, in CO iccounc. I., iri
" - • . "•- ir.-i ~?-> in ~ ir ren t , r^soec c i ve 1 •--.

the - '̂.ate current I9 has beer calculated by

wir.g
two d i s t i n c t procedures. In the reg ion : ic from
c u t - 3 : z, we -ised a l inear interDolat ion xnona che four
vai jes if I_ tnac encomaass the workinz t*oirit
vV?k, V3 l () . In the region close to che
C ' : t - i t : " l : n e a tourch order i n t e roo la t ion •*•*! ~.c?.-~! -cs
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7.: . i. Control voltages loci for Che high bias case.

The values for L and C are chosen such chac Che
cavi:i' is tuned under no beam loading conditions. When
the beam '^as a strong out-phase component, the cavity
snould be re-tuned accordingly. To work under the worst
renditions that are reached when the cavity tune remains
ur.chaneed, the cavity parameters were not readjusted.

"inures 2 and 3 give a detailed picture for normal
class-A and hard >:lass-C operacion. Son* numerical
results are given in Table 2. A more extensive
discussion can be found in Set. i .

TsbLe 2. Numerical Results - steady state bean crossing
?hase 5O " ISO" .
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The power ?,^l is calculated taking into
account Dnly the first "ourl*r haraienic tor both voltage
sr.4 current, while the power ? o u t i» the power
chat a. sine wave voltaic 'jould develop across the cavity
snur.t irsedance.

:: aopears that ? ^ \ and ? o u c are different, as
rr.ey sr.cuid. Th« true output could be calculated by
adding, with their Jims, all Che power partial

Since i snail percent distortion in the voltate
results in a twice larzer error in the power
calculation, we can conclude from numerical results,
:h,-t the total voltate distortion appears smaller than

rroo the numerical analysis performed vich two
widely different values for cube dc grid bias, the
follrvinz conclusions can be dravn:

a.' The oercenC difference becween tube current
peak amplitudes is less Chan 53 vhile Che
percent bias difference was sec up to more
Chan i5J . This deraonscraces chat under heavy
beam loading the peak cube current is
praccically independent of the quiescent
point chosen.

b) The cachode voltaze is nearly unaffected by
zrid bias, Che percent differenc for Che cuo
cases being less than IS!.

c) Cachode voltage waveforms remain very nearLy
sinusoidal in both cases. This is due to the
high value of Che cavity cuality faccor
10 • 177). However, it can be shown chat
wich an unloaded 0 faccor as low as 20, a
reasonably good waveform can also be
obcained.

j ; The differ-nce betveen the dissipaced power
i s , as expected, very iarze, depending upon
:he auie3cenc ;oir.c chosen. The rf power
amplifier general theory holds also in this
case, ar.d :he predictions based on the total
c irculat ion anz.!e sr€ fairly accurace.

"rcm rhe above considerations, valid for Che
steady s ta te , we can scace :hat the ouclir.ed desizn
operacon can be safely adopted. However, transient
operation? do not show any unusual or unpredictable
behavior and wil l not be discussed here. Instead, if
ve consider that with the ouclined procedure the
behavior of Che cube is concrolled boch by the driver
and by the beam, it is immediately obvious that 5ome
slow feedback between Che tube dc-current and dc-bias
would zreatly improve the cver3li amplifier operation.
This feedback would automatically provide the correct

part ia l ly bunched or to ta l ly iebunched beam.
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