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Summary LOI Developments
––1996 through 2003––

1. Introduction
why the Low Output Impedance?

2. History of the scheme
(1) cathode follower design (~1998)
(2) floating grid-cathode drive (1998~1999)
(3) grounded cathode scheme with p-g feedback (2000~)

3. Results
(1) RF data
(2) voltage gain & output impedance
(3) discussions

4. Power/water requirements for installation at ISIS

appendix) LOI schematic drawing

ANL/ISIS/KEK collaboration
     (presented by Y Irie)

http://www-accps.kek.jp/Low-Impedance_Cavity
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1. Introduction

In order to capture and accelerate higher beams without beam losses, com-
pensation techniques for heavy beam loading are essential. The beam loading
for the accelerating mode cavity has been overcome successfully by the beam-
feed forward system combined with the beam-phase loop to damp the dipole
oscillations. A 2nd harmonic system is used to control the beam density distribu-
tions. Although a 2nd harmonic system is operated in the non-accelerating mode,
i.e. beam-cavity phase is nearly zero, a large 2nd harmonic component of the
beam would distort the cavity voltage, resulting in unstable control of the den-
sity. The low-output-impedance amplifier can provide a method to control the
beam distribution more effectively because the beam loading to the system is
negligibly small.
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3. Results

The test has been performed until early February 2003, nearly at the plate-
dissipation limit of the final triode, and at the breaker limit of the switch board
to the driver tetrode. The experiment was almost stable, and more than
12KVpeak-to-peak was obtained in the middle point of the acceleration period.
However, the waveforms are distorted at the higher frequencies. We did not
have enough time to investigate the reason of distortion (cavity? amplifier? or
both?). We probably need some time at ISIS for such investigations.

No provisions with AVC and bias tuning loops. The cavity input current was,
however, minimized by adding offsets to the original (sinusoidal) waveform of
the cavity bias current. The repetition rate was 50Hz with a frequency range
from 2.6 to 6.3MHz.

References:
http://www-accps.kek.jp/Low-Impedance_Cavity/collaboration_report.pdf
http://www-accps.kek.jp/Low-Impedance_Cavity/LOIC_progress_2000-2002.pdf

http://www-accps.kek.jp/Low-Impedance_Cavity/FEB03.pdf
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3.1 RF data
4648 tetrode driver stage

G1

plate voltage

plate supply
output current
(5Amp/10mV)

G2



    
Fig. 1 RF envelopes. upper trace: cavity voltage (5KV/div), middle trace: cavity input current 

(20Amps/div), and grid input voltage (200V/div). 
 

   

   
Fig. 2 Detailed waveforms at 2.6, 4.1, 5.0 and 6.3MHz. 
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3.2 voltage gain & output impedance

measured voltage gain with frequency swept (box) and unswept
(triangle) mode. Zin is the input impedance looking into the grid
of the final triode
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3.3 discussions

1. Driver stage tetrode seems luxurious.
Introduction of a transformer into the
driver stage may help save the operation
cost. However, we did not think of it    fur-
ther because we were anxious about the
unnecessary inductance and capacitances
by the transformer. The operating point
of the tetrode at ISIS is Ep=5kV with
Ip=40Amps.

2. Grid switching system
Final triode is operated with Ep=16kV and Ip=25amps. Since the plate dissipa-
tion of the triode is 240kW, it should be operated with duty factor 60%. The grid
switching system is indispensable. Such system is also very useful for the driver
tetrode.

3. Dummy load?
How long can LOI be tested with load (2nd harmonic cavity) before Xmas 2004?
Probably more than a month will be necessary for tuning. Otherwise, dummy
load is needed at MICE hall.



1

load-line of BURLE 4648 tube

Fig. 2.3 quiescent current 30 amps at 5 KV.
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