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Incroduceion The functional relation [, = 1 ('Jzk, “pk)
that is ~ormally ziven in zracnical Jorm, rendats the

The need of very low output impedance rf systems
far heavv otarticle accelzrators has lad to the
devaiooment >f verv soohisticated amplifier
-nfiyyrations. Among them, the use of a commoa-zanode
final amolifier seems most promising.
If the osutput impedanc2 is defined in the Thevenin

Thearem sease, then class-A aperation seems itnavoidaole.

However, fav particle dynamics only the voltage induced
Jv tne dezam is of real concern and voltagze requirements
15 7ot necessarilv demand a time invariant output

iwpedance.

zonsiderations led us to investigzate the
that must be met to obtain control over the
voltage, It was nossible o demonstrace
3t i{n zhe common anode case the ianduced voltage czan be
arzeiv independent 5f the bSias aoplied to the final

1f the beam loading is very strong.
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Operation Descriotioca

the accalerating cavitv is driven bv a common
the bSeam current has to flow mainlv
the tube, thus tanadiag o turn the tube on when

rf drive, and Zube coanection to Zhe
~ronerly matched. *
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Ia zhis case, the nigh value for the tube
szonductanze {low sutdhut impedance) can be veached
the Deam current, thus reatly reducing or =ven
in

essing the quiescent csurrent. {The advantages
o 2 and 1 the ise of lower plate dissipacive
ar2 zvideat and need not to be liscussed).
tme jeam sulse nas gone dv, the amplifiaer’s
200 is to rveset the initial volzage across :the
11z rap, ind 11 the case af a common anode
15 lecenas mosLLv an ftne rf drive and verv
£.@ 3ulastent »noial, wnen reasonablv chosaen.
I~ zhe 1leal case, the network o de
.Ta. 23 3dTears is shown where onlv the
T Fgmiamantal mede o iccount. 1, a0d
- Lo o2nd dRam otare irel,
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DISCLAIMER

orobi=m non linear and analytically unfaasible,
especially since we are interestad in the !ar;e signal
overazion. A numerical treatment of the probd
thius -eeded.

Numerical Solution

[Ty

Some values
svstem preliminary design are in Table I.
assumed grid drive is a sine wave, while the bunch
profile is approximated with a raised cosine rulse,

for the parameters of the ISABELLE ¢
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<her2 1, i3 the bdunch charge and it its duration.

Table 1. Tube and Circui:t Parameters.
Tuoe “L-"300
Anode voitage £, = 16 k¥
, Canacity E=2x1073 T
H -
Cavite , Induct ance L= 231077 ¢
« 3hunt resistance R = 5,109 shm
¥ oarind - = 2 YLI = 1.153 sec
Juracian =3
3eam suise
©1/2 Peak current 9, 1T @ 144
Jriving volzage, peax "'do a 12 gV
The state equations for the circuit of Fiz. !

have oSeen integrated bv means of a numerical sredictor
- corrector rountine. At each steo of integracion,
the ~late curreat I, has Yeer calculated by
iatersdliation in the constant current chart f(ollowving

two distinct orocedures. In the region fic Irom
cut-2If, we used a linear intsroolation xmong the four
values >f I, that =2acomsass the workinz poiat
in the region close to the
3 fourth srder intersolation ~~l -~cmicol nas
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T.z. i, Contrsl voltages loci Ior the high bDias case,

The vaiues Sor L and € are chosen such that che
cav is tuned under no bYeam ioading conditions, When
the Seam a1as a strong out-phase component, the cavity
snouid Se re-tuned accordinelv. To work under the worst
zzndiiions zhat are reacnad when the cavity tune remains
anged, the cavitw parameters were not readiusted,

Tizures 2 and 3 zive a detailed picture for normal
class—A and hard class-C operation. Some numerical
resulzs are ziven 1n Table 2. A more extensive
discussion can ve found in Ref. 4.

Tzble 2. fumerical Resuits = steady sctate beam crossing
chase 5, = (807
2:ias zrid voitaze T V) ~220 =360
averaze olate currenc I {A) 12.117 9.3707
lnpui dJower Pin 1iW) 193,87 149,93
2 11,716 12.333
Tuzaut tower (kW) o
¥ 11,885 11.306
out

‘1
The sower P11 is calculacsd caking inco
aczount 2niv the first Jourier harmenic Ior both voltame
"d curzent, while the power 2,,. is the power
hal 1 sine wave voitage would Jdevelop across the cavity
imzedance.

shunt

L]
appears chat ?éll and ?,,. 2re diiferent, as
12usd.,  The true cusput zould be caiculated by
with their signs, all the power partial

zomponancs.

Since 1 smail gercent Jdistortion in the voltage
resciss in a .ll‘l!r 2rTor in the powver
zaicuiation, we can conclude from numerical resulcs,
z4ac che zotal voltage distortion appears smaller chan
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Conclusicns
e ——

From the numerical analvsis performed with two
widely different values for rube dc grid bias, the
follewing conclusions can be drawn:

3} The percent diffarence between tube current
peak amplitudes is less than 5% wvhile the
percent bYias difference was set up to more
chan <55, This demonscrates that under heavy
beam loading the peak tube current is
practically iadepeident of the quiescant
point chosexn.

t) The cathode voltage is nearly unaffected by
grid bias, the percent different for the two
cases being less cthan 17%.

¢} Cathode voltage waveforms remain very nearly
sinusoidal in »oth cases. This is due o5 the
high value of the zavitv cuality factor
(0 = 177). However, it can be shown thac
with an unloaded Q factor as low as 20, a
reasonably good waveform can also be
obrtained.

1; The differance between rhe dissipated power
s, as expected, very larze, depending upon
the auiescent coint chosen, The rf rower
amplifier general theorv holds also in this
case, and the oredictieons based on cthe total
circulation angie are fairly accurate.

tonsideratians, valid for che
steadv state, we zan state that the out.ined desizn
operat:on zan be safelv adopted., However, zransiant
operacions dJo not show anvy unuscal or unpredictacle
behavior and will not be discusyed here., TInstead, if
we consider that with the cutlined procedure the
behavior of the ctube is controlled toth v cthe driver
and by rthe Heam, 1z is immediataly obvious that some
slow fzedback between the tube de=currant and dc-biras
would zreatlv improve the cveralil amolifier operation.
This fzedback would automatically provide the correcet
bias:reguirad whea the ampiifiers operate with a
parcially bunched ar stailv debunched beam,
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