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Smary 

A prototype of a low level RF beam control system 
for the BPS Booster was designed and built at Fermilab 
during the past year. Machine parameters are: 

RF Frequency range 2.76-6.31 MHz, 
Harmonic number h=3, 
Repetition rate 12.5 Hz, 
Maximum synchrotron frequency 12 KHZ 

No phase transition occurs during acceleration. We have 
adopted computer controlled digital curve generators for 
the frequency program and other programs such as the 
radial position offset, radial position loop gain, etc. 
for the operational flexibility available with such 
programs. The frequency mixing method was chosen for 
the analog beam control loops, including the phase loop 
and radial position loop, for improving the signal to 
noise ratio within the wide frequency band and for con- 
venience in signal processing. The system is composed 
of a series of modules which are to be operated in 
several modified NIM crates. This will allow maximum 
flexibility during the development phase of accelera- 
tor operation. Here we give a brief description of 
the LLRF system and some preliminary design and test 
results. Study and improvement of the system will be 
continued. A simplified block diagram of the system 

is shown in Figure 1. 1,2 

Frequency and Phase Control 

Our phase loop is a dc coupled phase lock loop. 
The output is a constant amplitude sine wave which 
tracks the signal from the beam pick-up over the opera- 
tional frequency range. A block diagram of the phase 
loop is shown in Figure 2. The loop is composed of 
four modules: VCO, phase detector, loop filter and 
crystal oscillator. The loop filter cut-off frequency, 
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Figure 1. Over-all block diagram of the BPS Booster 

P.F Beam Control System. 

gain, and analog switch can be controlled by computer 
generated program signals so the open or closed loop 
response, static gain, and gating can be changed ac- 
cording to our requirements. 

The measured loop characteristics are: Closed 
loop cut-off frequency (% 3 db) > 20 KHz, static gain 

> 1 x 10' (set-l), phase shift due to amplitude varia- 

tion of the beam signal < 2 3 ' (20 db), < + 5' (40 db). 

Radial Position Loop 

The radial position signal, obtained by amplitude 
to phase conversion of beam displacement signals, is 
used to control the phase of the VCO output signal. 
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Figure 2. Frequency shifting Phase Lock Loop 
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The low-pass wide-band radial position loop is to be 
used for correcting the average radial displacement of 
the bunches. A block diagram of the radial position 
loop is shown in Figure 3. 

The radial position system is composed of four 
modules, radial position signal processor, tracking 
VCO, phase controller, and phase shifter. Amplitude 
to phase conversion is accomplished by quadrature hy- 
brids following frequency mixing in the position proc- 

eesor module. 3 The dynamic range of the position 
processor is about 52 db/+3O. The combined dc gain of 
the phase controller is about 20 with - 3 db roll-off 
at about 1 KHz, and this corner frequency can be ad- 
justed manually in the phase controller. Various pro- 
9rams, such as the radial offset (ROFF), stable syn- 
chronous phase angle (4s), radial gain (RGAIN), etc. 

are delivered to the phase controller as required. 
The phase shifter has frequency response up to 100 KHz 
and has good linearity over its ? 900/+ 10 V range. 
The radial feedback loop has sufficient potential gain 
to move the beam sufficiently to follow the radial off- 
set curve (ROFF). 
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Figure 3. Beam Position Processing System 

Acknowledgments 

Valuable information and advice from J. Griffin, 
Q. Kerns, R. Webber and members of the RF instrumenta- 
tion group at Fermilab has greatly helped us to carry 
on the design and development of this system for the 
BPS. We want to express our sincere appreciation to 
them. 

References 

1. K. Meisner et al., "A New Low Level RF System for 
the Fermilab Booster" IEEE Trans. Nucl. Sci. NS-26, 
4061, (1979). 

2. J. Griffin, "The Effect of Large Delay on Beam RF 
Phase Lock Loops" IEEE Trans. Nucl. Sci. NS-26, 
3944, (1979). 

3. Cui Ru-Yu, "A Radial Signal Process Method for the 
BPS Booster LLRF Control System", This Conf. Pro- 
ceeding. 

2337 


