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Summary 

Inj ection using a ramped energy 
is required at Saturne. The mean energy is linearly 
increased during the 400 ~s of injection by means 
of two rf cavities (ramping cavity and debuncher). 
The phase of each cavity is shifted relative 1;:0' 
the linac phase. A set of fast phase shifters 
using strip-line techniques have been developed, 
which are presently in operation. 

Introduction 

The multi turn injection at Saturne is perform­
ed by a linear increase of the mean energy of the 
beam,to follow the linear increase of the electro­
magnetic field (B = 4.2 Tis) in the main ring. 
This is obtained by means of a ramping cavity, 
which is located just at the end of the linac. As 
a consequence, the phase of the debuncher must be 
shifted to deal with the variation of the mean 
energy. The phas~shifting of these two cavities 
is achieved using two ferrite phase shifters, wh i ch 
operate between the rf linac feeder and each 
cavity <Fi g . 1). 
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Fig. 1 Block diagram of rf power system 

Descri ption of a Phase Shifter 

The phase sh ifter consists of an rf transmis­
sion line wh ose die l ectric material is an rf ferrite 
havin g a dielectric constant £=£'-j£" and magnetic 
permeabilit y jJ 9.1 '-j)J ". The propagation vector is 
then given by 

y 

where t i s the length of the transmission line and 
A i s the wave length. 

~len a magnetic field is applied to the fer­
rite, th e phase shift decreases due to the varia­
tion of the magnetic permeability, reaching a min­
imum value when the ferrite is saturated. 

The transmission line is strip-line, in 
which the inner conductor has a notched shape. 
The line operates like a delay line to avoid 
prohibitive length of the device and to limit 
losses in the dielectric material. The 

driving magnetic field is provided by 19 coiled 
ferrite toroids o'f rec4:angu1ar cross-section. 
Additional permanent magnets are placed on each 
side of the strip-line (Fig. 2) and are used, 

Fig. 2 · Cross section of the phase-shifter 

along with a steady current in the coils,to 
minimize the attenuation when no driving current 
is applied. The strip-line is I-m long, 6-cm 
wide and 2-cm thick. 1 The everall load connected 
to the current generator is:L = 1.7 mH, R = .3n, 
and the permanent magnets give a 330 Oe magnetic 
field. 

The line is made of printed circuit materials 
in order to reduce eddy-currents. As the trans­
mitted power may reach 100 kW, the whole apparatus 
is housed inside a pressurized tank filled with 
SF6 at a pressure of 2 bars, to avoid sparking • 

... .. 

Fig. 3 Static response 
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Fig. 4 Static response 

Figures 3 and 4 show power attenuation and . 
phase shift versus a dc applied current for two 
different types of rf ferrite. Figure 5 shows 
the driving current and phase shapes versus the 
duration of an applied rectangular voltage. 2 
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