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magnitudes are swept to find the maximum efficiency. The 
collector efficiency for various numbers of stages and 
assumed geometry factors are shown in Fig. 11. 

Assuming a 0.8 geometry factor collector can be achieved, 
as it was in the un-optimized experiment presented above, the 
pulsed klystron efficiency can be improved from the baseline 
40% to greater than 65% with five collector stages. If a non-
constant stage potential slope is assumed (i.e., a shaped bias as 
demonstrated in Fig. 8), the achievable total pulsed klystron 
efficiency is greater than 70%. 

 The impact of including a 5045 klystron with a depressed 
collector in the existing SLAC RF station can be estimated. 
Defining the total RF station efficiency to be RF power out 
over AC power in, Table III shows the reduction of waste heat 
per station. As shown, 25 kW less average power is consumed 
per station, a reduction of 31%. Note that these calculations 
conservatively assume a certain collector de-rating, the 
existing modulator transfer efficiency, and a 0.8 collector 
geometry factor, which limits the ideal collector efficiency. 
Even so, a 25 kW power reduction would result in a $10k/year 
reduction in power costs for a typical LCLS station. If 
implemented for all 80 stations in LCLS, this would result in a 
substantial savings of $800k/year. Additional cost savings 
would result from secondary systems such as cooling towers 
and water pumps. 

 
TABLE III. CALCULATED POWER REDUCTION BENEFITS OF USING A PULSED 

DEPRESSED COLLECTOR IN A RETROFIT SLAC 5045 RF STATION. 

Existing 
SLAC 
Station 

Retrofit 
Station 

Klystron RF Efficiency 0.45 0.45 

Collector Ideal Efficiency 0.00 0.75 

Overall System Efficiency 0.25 0.33 
Avg RF Out (kW) 27 27 
AC in (kW) 107 82 
Waste Heat Per Station (kW) 80 55    

V. CONCLUSION 

A self-biasing pulsed depressed collector technique has 
been presented. The experimental results demonstrate the 
ability to control stage biasing via external impedances and 
recover a portion of the beam energy. This technique is an 
enabling technology for high-efficiency pulsed RF systems. 
Future work will involve scaling the technique to a high power 
tube such as the SLAC 5045. 
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