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This scheme will also remove beam loading erects and I
Abstract drifts in other system parameters.

%Vrreport a scheme to control the amplitude and The tnodulrttion of the drive signal in a given rf

phase of the rf accelerating field in a klystron driven cleo- pulse is derived from the error signals acquired dudng
tron linac. The amplitude and phase distrib.tion within previous pubes. The reason for this is that the ATFH"

the rf pulse c_n be controlled to follow specified func- p.lses are about 3/_s long, s time too short to make a
tions to reduce the energy spread of the electron besm feed-back control system work with the given delay times

being accelerated. The scheme employs fast besm energy in the detection as well as the control system. Thus this t
and phase detectors and voltage-controlled electronic at- control system is a feed-forward ache.tc. The prereq.isite
tenuator and phase shifter in the amplifier chain. The for the success of such a scheme is a reproducibility of

control voltages of these devices are generated by sr- the pulse-to-p.lse waveforms on a time scale which is
bitrary function generators. The function generators' longer thau the response time of the control system. The
o.tp.ts are c.,lc.lated n.merically .sing an algorithm ultimate performance of this system is limited only by
which takes into consideration the desired target func- noise, reproducilfility of the modulator pulses and the

tion and the deviation (due to load variations or system accuracy of the error measurement.
parameter drift) from the target function. Results of Preliminary tests of this system were made on
preli|ninsry tests on producing fiat rf power and phase both a klystron output pulse and the fields in the ATF
pulses from a high power klystron indicate that ampli- RF gun cavity with very encouraging results.
rude variation of 4.0.2% and phase vsrlstion of 4-1" can

be readily achieved. .=._.. .,.

Introduction

In a TW linac, the energy gain of the electron "LI

bnnch in the steady state depends on the amplitude
and phase oi" the rf field with which the bunches are
accelerated. 1'o achieve a high degree of stability of
the electron beam energy and small energy spread as

req.lred by FEL and other applications, a stable high
power rf source with fiat-top pulses is required. With
high power klystrons as rf sources, the flatness ofdhe
o.tp.t amplitude and phase is dominated mainly by the

high voltage p.lse from the modulator, which usually
has a ripple due to parasitic resonances of the stray
inductance and capacitance in the PFN and in the pulse
transformer. With careful design and adjustment, the

- mod.lator voltage pulse fluct.ation can he kept to s
small fraction of a percent as the state of the art t-2 Figaro 1: Schematic diagram of the feed-forward control
However, to a-.hieve this level of performance, it is both system at ATF.
expensive and time-consuming. Furthermore, even with
rf p.lses which are perfectly flat in power and phase, the

beam loading transient and beam c.rrent fluctuatinns I. System Conflguration
induce beam energy spread in a multi-bunch operation s.
Therefore, it is necessary to explore some other way to The schematic diagram of the present i'eed forward
reduce the linac's beam energy spread, control system as used in the ATF is show. in Fig.t. 4

In the rollowing we present a scheme, whereby the Voltage controlled fast electro-:- attenuator a.d phase
klystron's rf drive signal is modulated in amplitude and shifter are installed in the drive chain of the XK-5

phase to produce the req.ired low energy spread, th.s klystron to modu!ate its input. The output signal (for
eliminating the need for expensive PFN adjustments, instance, the beam energy and rf phase) of the system are

mo.Stored with detectors read by a digital oscilloscope.

• Permenant address: lnstit.te of !ligh Energy Physics, The control waveforms to the attenuator and the phase-

Academia Sinica, P.O. Box 918, Beiji.g, P.R. Chi,ta. shifter are ge.eratcd by the arbitrary function generators
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_- (AFG). The oscilloscope and the AFGs are controlled by may also use causality (eq.(5)) ,,nd write eq.(3) in a very
a personal computer (PC). simple form:

The target curves are set in the computer accord-

shown on the oscilloscope are also accessible by the com- = .... (6)
puter. The target function and tile system output are " " .
compared in tile PC. Tile difference signal is then used Ap,, T,_ T,,-I .•. "Ft Az,_
to calcldate the control voltage data• The correspond-
ing waveform corrections generated by the AFG are then where th_ ..'n..-_trixelements 7_ (i --1,2,...,n) are constant.
applied to the attenuator and the phase-shifter. The T matrix elements can be obtained by measurement.

Thb is achieved by superimposing the known deviation

Irlr. Theoretlc_l Description of the Control System value, for instance, Aet, on the operation level z0(t), ,

Consider a time invariant system with sn input then measuring responses, Ayl and solving gq.(8).
In the linac system we are discussing, the input=(t), and an output y(r). Let us assume that the system

variable z(t) is the control voltage applied to the atten-is separable into a non-linear but instantaneous part
ustor (V,) or to the phase-shifter (_,)• The non-linearrepresented by a function f(z) and a linear part with sn
function f(z) is the response of the rf system, g(t) is theimpulse response g(t). Then one may express the output

through s convolution impulse response of the beam energy to the amplitude
of the rf input to the linac cavity, and '_F_ is the beam

+o_ energy error from the linac output to the system require-y(_')= f(=(t))g(t-r)dt (t) meat (target curve). By inverting the matrix T, the I
control voltage needed to compensate the energy error

If sn increment function Az(t) is added to the input will be:

[ ' 1signal ro(t) (which may be considered as sn operation 1 _,U"I -_-_+tA_ (7)level), the output of the system will be modified by the A_ = _ [
corresponding increment A_.r) around the normal op- i=t [

eration output If(r). If the function f(z(t)) is usumed where _U/ = U/ - Uoj, and ff0j sre the target beam l
to be differentiable, for a small enough Az(t), the rela- energy values.

tionship between the input and output increments can Thus we have s control procedure: First the
be expressed as: matrix T is evaluated. Then the system response is

compared with the target data to obtain AUj. The

/-- /t(zo(t))A.(t)#(t- r)dt (2) voltagecorrectionsare calculatedby Then the voltageAy (_')
corrections are applied to the attenuator to yield new

values of system output U'/.
where fl (z0) is tile derivative of f with respect to x. By I1"the matrix T can represent the actual system

sampling the output increment Ay(_) st times _, eq.(2) precisely, the energy errors can be compensated by rood-
can be written in s matrix form as follows: ifying the control voltage just once• With s T matrix

which is s good approximation of the actual system and

_Y(_) T2_ T3,s Az (t2) (3) enough to the final value, the _olution will converge fast.

• ,.pi The required system output wi[IIbe achieved alter just a
Ay(r,,) \ t T,_,, _z(t_,) few applications of the correction process.

However there are s few technical problems. Firqf,
where the subscripts m and n may have different value_, the linac system is uslmlly nonlinear and the initial
n may also be different from Q, and Az(_j) is the inr/ni control vector V may be far from the exact solution.

increment value applied to the system st instant tj. The Furthermore, noise (both real and digital rounding error I
__. matrix element _j is defined 4ts: noise) results in errors in the evaluation of the matrix

T. The first problem can be resolved by keeping the

_i = ft (ro (tj))g(tj - _)At (4) corrections Al'_small. When the accumulatedcorrection
(relative to the starting value of Vi) grows above a certain

- where At is the sampling interval. As a res,lt ofca||sality, preset vah,e, the T matrix will be re-evaluated. "l'h,s

-: the matrix elements must satisfy the following equation: this system will operate as an adaptive control system.
The second problem can be red,ccd by averaging over

Tij = 0 ,for _ _ tj (5) several me_urements with somewhat different applied
control GInction deviations.

As an approximation, the system ca_ be a._sumed to be lt sho_dd be pointed o,t that the same procedure
linear near Zo(t). Then /_(zo(t_)) i_, a constant, and we can be applied to tile rf phase control, llowever, for



controlling both the rf phase Rnd the beant energy ('or listed in Table I, demonstrate that amplitude t_uct.ation
rfamplit.de) simultlxneously, some mend.res to deco.ple < 4.0.2% and phase Iluctuation < 1" for a high power
the rf amplit.de and tile rf phrase are needed. We have klystron o.tput can be readily achieved.
been successful ii, decoupli.g the rf amplitude and phase

in the ew part of tile system and still have to address the .. ,.. , .......... ,
deco.pling in the pulsed amplifiers. -. _..,.. ,-

..... ii......ITir. Prelhninary Experimental Test Results. _

The rf leed forward control system hm.sbeen tested
on the control of the rf output of a high power S-band
klystron sntl on the control of the field in a cavity. For j

this purpose, the klystron is operated in sn unsatttrated I
power level. The controllable rf pulse width is about 3

.ms for the ATF. Th,s, about 300 samples points, I0 ns
apart are used in the system. -...

"" ' ............. rlg (t-, m.. ,. ux'e 3: Comparision between uncompensated owet
- curve) and compensated (upper curve) rf amplitude p,lse

._-_..I_--_ ......... from the rf gun clxvity, i

I [ 'r............ , "].%bleI. S,mnmry of Preliminary Experiment Results

ITEMS No Control With Control

I m,.,o. Po,., 0.2 .......
........ [ RF Cavity Power (4.-_-pP) 5% 1.0%

Manual Control (4.Ap-he-) 1.4% 0.3%
]_'|gure 2: Comparision between uncompensated (lower KJystron (4-A#_) 5" 0.6"
curve) and compensated (upper curve) rf amplitude r,om Note: when the klystron is operated on saturated

the klystron output, state, the rf power fluctuation is about 4-0.6%.

In the fnture we wo,ld llke to use this systt-m

Fig. 2 shows the res,lt of the klystron o, tput to control the energy spread of the linac beam in ATF.
control. The amplitude lluctuation before the control For this p,rpose we shall use a l'sst-response strip-line

system is activated is about 4.4% (lower curve). After beam position monitor in a suitable poi,t at the post
four iterations of the control process, the power error is linac beam transport llne, where the be_m disperslon
reduced to less than 4-0.2% (upper curve). Fig. 3 shows analysing power is high. The micro-p,lse by micro-pulse
the experimental results of controlfing the field level energy of the besm will be read and this information will

of the ATF photocathode gun cavity. The amplitude be used at the feed forward control system.
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