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Abstract

A wideband low-output impedance RF system (LOI) has been developed in collaboration with the labs, ANL, RAL and KEK for the future high-intensity proton synchrotron. The system operates in class A, and output impedance is less than 30ohms over the frequency range 2.6-6.2MHz at 50Hz repetition rate. By modifying the anode choke characteristics, a long-standing issue on the waveform distortion at the grid voltage was improved significantly, although there still exists a distortion to some extent above 5MHz.
LOI High Power Drive
LOI is realized by the feedback from plate to grid of the final triode amplifier. A grid bias switching system is used on each tube to avoid unnecessary plate dissipation. The bias supply current was controlled manually at each frequency so as to minimize the cavity input current.
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	Output impedance (magnitude and phase), voltage gain of final triode and input impedance into the final triode.


higher-order-mode of anode choke
· Long-standing issue: waveform distortions in the drive- stage voltage (hereafter, grid voltage), especially above 5MHz. 
· Circuit simulation code, TopSpice, has not been able to reproduce the grid voltage distortions.
· But, it showed interesting features under slightly different conditions from the real experimental ones: 

(1) system diverges faster when Ccav becomes smaller value, i.e. with lower cavity Q-value, and 

(2) distortions are mitigated when the 1st HOM peaks locate at different frequencies for driver and final anode chokes.

· Experiments were performed aiming for waveform improvement in the following two cases.
	Case 1: Shift HOM peak-location
	
	Case 2: Damp HOM peak-height
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	1st HOM location of anode choke
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inductor model
· Inductor model in the TopSpice simulation:for anode choke, L=3.3uH, C=2.4pF, R=30k, kc=0.5, km=0.3 and kf=0.1. 
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waveform distortions for case 1
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	Figure 4: RF waveforms without HOM peak shift (N2=0). From top trace, grid voltage (143×), cavity gap voltage (1,590×) and cavity input current (20A/V) .
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	Figure 5: RF waveforms with HOM peak shift (N2≠0) (case 1). From top trace, cavity gap voltage (1,590×), cavity input current (20A/1V), grid voltage (143×) and grid input current (20A/1V).


· As seen in figs, grid voltage distortion is greatly improved by the HOM peak-shift method in case.1.
· Experiment using HOM damper (case 2) was also carried out:  results were, however, very similar to those in Fig. 5.
CONCLUSIONS
· A wideband low-output impedance RF system has been developed in collaboration with the labs, ANL, RAL and KEK for the future high-intensity proton synchrotron. 
· By modifying the anode choke characteristics, a long-standing issue on the waveform distortion at the grid voltage above 5MHz was improved significantly, although there still exists a distortion to some extent.
· Further investigation for improvement is required for the beam test in the ISIS synchrotron, which is planned in February, 2011.  

COMPARISON OF LOI AND CATHODE FOLLOWER
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	Gain, Vout/Vin
	< 1
	20~30

	Output impedance
	~20ohms at 2.8MHz†
	20~30ohms over 2~6MHz


†) G P Lawrence, private communication (1985)
power requirement at the driver stage
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Calculation conditions: Cavity gap voltage = 10kVp, and CF grid is terminated with 500ohms shunt.


Result: Advantage of LOI on power efficiency is conspicuous. 








