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ABSTRACT 

This paper presents the conceptual design of the RF phase and amplitude control sy ­
stems . A new approach is proposed and its major features are brieny discussed. 

I. - INTRODUCTION 

The Milan Super conducting Cyclotron accelerating structure consists of three dees 

placed in the valleys(l, 2. 3). Each dee is the high voltage inner part of a c oaxial resonator 

which consists of two )./4 cavities tied together at the center and placed symmetrically a­

bout t he median plane. 

Two alumina insulators, placed at 630 mm from the median plane. connect mechan­

ically the coaxials. To tune the resonators in the 15 to 48 MHz frequency range two sliding 

shorts move along the cylindrical walls of the cavity. 

The accelerator design calls for a peak dee voltage of 100 kV in the injection and ex­

traction regions. Depending on the harmonic used. the three dee voltages can be either in 
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phase or ± 1200 out of phase . The design phase stability is ±O.l° for a residual amplitude 

modulation of the order of 5 x 10- 5 . 

A l ow level splitted signal from a high spectral purity synthesizer feeds three high­

linearity independent amplification chains. A 50 ohm coaxial cable connects each amplifier 

to its cavity via a cou pling capacitor. 

This paper presents the phase and amplitude control l oop and its expected perform ­

ances, A Jew frequency digital control loop, not yet designed, will provide the long term 

phase relation between the thr ee cav ities, while three trimming capacitors will accomplish 

tuni ng of t he cavities in a ± 50 phase range. 

2. - LOOP DESIGN APPROACH 

Our s tartin g point for the specification of the phase and amplitude loop gain will be a 

spectral analysis of the detected phase and amplitude noise. On th e basis of the dete cted 

noise we will shape the loop gain in order to m eet t he closed loop phase and amplitude sta ­

bility specs with satisfactory transient response(4). 

Nevertheless, at present , we c an anticipate that: 

- On the basis of reasonable predictions we expect important phase and amplitude noise cal'!: 

ponents up to frequencies of the order of 600 Hz. 

- We wish a constant 20 dB/dec slope to avoid stability problems when changing RF voltage 

level: that is to have maximum flexibility during preliminary ope rations with no sophisti­

cated l oop gain contra] electronics . 

Therefore we design our electronic compone nts with.a flat f requency response up to 

Mll7., the ration ale for this design ch oice being th at the more flexible the electr onic buils! 

ing blocks are, the larger is our freedom in optimizing the loop gain. 

Proceedi ng this way the major limit to the feasibility of large loop gain at low freque~ 

c i es will be represented by the poles introduced by the RF power amplifie rs. 

Preliminary ca l culations, based on information supplied by the manufacturer, show 

th at they should allow a gain-bandwidth produ ct of the order of 150 KH z. A better figure will 

be available after a set of measurements on the amplifiers during the acceptance tes ts . The 

se tests are planned for September 1982. 

3. - PHASE fiND AMPLITUDE CONTROL LOOP 

A new approach to phase and amplitude controls of the RF voltage is proposed. It should 

perform larger bandwidth and the refore large r d. c . accuracy than a conventional design. The 

idea underlying the presented approach is easily summarized in a few points : 

- The RF voltage fed to the power amplifiers is obtained by combining to 900 out of phase l ow 

level RF voltages which pass t h rough two voltage controlled attenuators. 
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_ The components of the phasor corresponding to the RF cavity voltage are detected by means 

of cohe r ent amplitude detection . 

_ The detected low frequency signals , each subtracted from a d. c . reference value, are fed 

back to control the voltage controlled attenuators . 

The diagram in Fig. 1 illustrates the above s tated pOints. A schematic vector represe~ 

tation of the effects of amplitude and phase modulation on the RF phasor is shown in Fig . 2. 

-

d.c. ref voltage 
Coherent 
detec to r 

2 -I + 
0° Voltage 

power r- controlled r--
splitter attenuator 

t 
90° . au 

Ll rp- 3>--Resonator-power power -
splitter combiner 

I A 
au Voijage 

power - controlled I--
splitter attenuator 

t 
1 d.c. ref vo Itage Coherent 

(}etector 

FIG. 1 - General block diagram of the proposed system. 
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T h E! RF phasor is easily detected by means of coherent amplitude detection, that is an~ 

log multiplication with a n equal frequency reference signal followed by low -pass filtering. 

U 

v(t) g(t) cos( wot + 1/1(t)) 

i s th e RF signal and 

x(t) cos wot , 

y(t) cos( wot + ~ ) 

are t he two RF reference signals, afte r analog multiplication we have: 

and 

v(t) x(t) = 

g(t) cos( wot + 1/1(t)) cos wot = 

t~(t) cos1/1(t) + g(t) cos(2 wot +1/1(t)il 

v(t) y(t) = 

g(t) cos( wot + 1/1(t)) cos( wot + ~ ) = 
l[ ~ 
2"[!1(t) 6en1/1(t) + g(t) c06(2 wot + 1/1(t) + ~)J 

/\fter low-pass filtering Ax(t) and Ay(t) became the two components of the RF phasor V(t): 

1 2" g(t) C061/1(t) , 

Let us now return to the block diagram of Fig. 1 : 

- The two 90° out of phase equal amplitude RF signals in points 1 and 2 play the roles of the 

RF reference signals x(t) a nd y(t). Their purpose is to allow detection of the RF cavity vo..!. 

tage vector components . 

- The two voltage controlled attenuators allow to modify the RF phasor fed to the power am­

plifiers. in fact they pl ay the role of the actuator in a feedback regulating system. 

It is easily understood that the proposed regulation scheme requires that the total RF 

phase shift from point A to point B in Fig. I, 9't. is not equal to 1800 t n 3600 ; in facts this 

is a necessary condition for the existence of equilibrium points. Moreover both static and 

dynamic behaviour are strongly affected by 9't. To assure acceptable performance a varia­

ble phase shifter has been inserted along the forward signal path (L19' in Fig. 1). 

In Fig. 3 a block diagram is shown, the signals manipulated by the blocks are the x and 

y components of the RF voltage phasor. 
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FIG. 3 - Block diagram. The input signals to the blocks are the x and y 
components of the RF voltage phasor. 

From our analysis of the proposed system it follows that: 

- The cavity RF voltage amplitude is: 

and its phase: 
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where G is the loop gain and Vo f is the d. c. reference voltage. , re 

G '» 1 

- The total closed loop amplitude and phase perturbation (rno and Po) are: 
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where m i and Pi indic ate the input amplitude and phase modulations. 

4. - COMMENTS 

From our premiminary analysis it follows that the proposed system can be easily ma­

de stable and the loop gain requirement can be lowered to the value needed by a conventional 

design, provided that the tOlal phase shift from point A to point B in Fig. 1 (Wt ) is equal to 

360°, To achieve this condition a variable phase shifter (Ll9') has been inserted along the fo!:, 

ward signal path. It will be excited before closing the loop to assure proper operation of the 

regulating system. It is worth pointing out that, once the loops have been closed, any phase 

shift drift is corrected by the loops themselves. 

It c an be predicted that a difficult design problem will be proposed by the coherent de­

tectors : in facts, in order to a chieve a total closed loop residual amplitude modulation of the 

order of 10-5 , the analog multiplier Si N must be larger than 20000 (N is evaluated over a 

1 MHz bandwidth), Moreover to get an extremely stable RF cavity voltage amplitude, the two 

RF reference voltages x(t) and y(t) must hold an equally stable phase relation; this last 

problem is not encountered in designing a conventional regulating system. 

On the other hand our system should perform a large bandwidth as a result of a sim­

ple d esi~n : in facts no phase stable limiting amplifiers are necessary and only one kind of 

detector has to be de veloped. 

5. - CONCLUSIONS 

According to the previous analysis the proposed system seems to be very promising; 

the only unusual and critical bloc k being the analog multiplier. Nevertheless, before making 

the final choice of the amplitude and phas e regulating system, we plan to proceed as follows : 

- To design a l ow frequency model of the proposed system to better understand its eventual 

limits. 

- To c omplete the theory of the proposed control l oop. looking at the results of the tests pe£ 

formed on the low frequency model. 

- To improve the SiN of our analog multiplier prototype. 

W e are confident that, by the end of the year, we shall be able to design the a mplitude 

and phas e control system that will be tested on the cavity prototype by next spring. 



- 7 -

REFERENCES 

(l) - E.Acerbi et a1. J The Milan Superconducting Cyclotron Project, Proceedings 9th Inter 
national Cyclotron Conference, eaen, 1981. -

(2) - C. Pagani, G. Varisco, V. Venturini and F. Alessandria, The Milan Superconducting C:t... 
clot ron RF Design, Proceedings 9th International Cyclotron Conference , eaen, 1981. 

(3) - Milan Superconctucting Cyclotron Group, Status of the Superconctucting Project in Milan, 
Invited talk at this Conference. 

(4) - P . K. Sigg, Improvements in the SIN Injector RF System, Nuclear Instr. and Meth. 155, 
1 (1978). 






