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This sheet calculates the properties of a typical klystron with a multi-element depressed collector 

Normalised beam radius βeb 0.6:= Normalised electrode voltages Collection probability function

Normalised tunnel radius βea 1.0:= Vc
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Normalised Output gap length βeg 1.0:=

Efficiency at saturation ηsat 0.53:=

Number of collector stages N_stages 5:=
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The fraction of the current collected by each stage is estimated by assuming a probability distribution. Current begins to be collected on an

electrode when the electron voltage exceeds the stage voltage and rises to 100% when the electron voltage is just less than the voltage of the next

stage. Current not collected at the stage voltage is collected at the voltage of the preceding stage. For the final stage the presence of a fictitious

electrode is assumed such that the voltage difference between it and the nth voltage is equal to that between the nth and (n-1)th stages. See

Section 10.3.2

Define the probability distributions
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Plot the probability of collection by each electrode as a function of the electron energy with rectangles showing constant probability for comparison.  
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 Figure 10.10 
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Calculate the DC collector efficiency as a function of electron energy
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⋅:=  Equation 10.26 

Klystron spent beam data as described in Worksheet 13.5

Beam current waveform at the output gap I θ X, ( ) 1 1.33 X⋅ cos θ( )⋅+ 0.33 X
2

⋅ cos 2θ( )⋅+:=  Equation 13.52 

I1 X( ) 1.33 X⋅:=
Normalised fundamental RF beam current  Equation 13.53 

Reciprocal of the mean of the DC and spent electron velocities

normalised to the DC velocity as a function of the normalised spent

electron energy (Vs / V0).
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Effective gap coupling factor M U( )
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sinc 0.5 U⋅ βeg⋅( )⋅:=

At saturation the effective normalised gap voltage is Veff_sat

2 ηsat⋅

I1 1( )
:=  Equation 13.54 

The normalised energy of the slowest electrons is Vmin_sat 1 Veff_sat−:=

The normalised load resistance is RL
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:=  Equation 13.55 
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Now use an iterative calculation to find self-consistent values of the spent-beam voltage and the

effective gap voltage as a function of X 
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Check the total current and the total power entering the collector
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Calculate the rf efficiency of the collector as a function of the drive parameter X. (X = 1 at saturation)

ηc X( )
1

π Pent X( )⋅
0

π

θI θ X, ( ) Vs θ X, ( )⋅ ηDC Vs θ X, ( )( )⋅
⌠

⌡

d⋅:=

(c) 2018 Richard G Carter



WS 10.2 Collector depression (Klystron).xmcd, p.6

Compute the RF efficiency as a function of drive level

ηrf X( )
ηe X( )

1 ηc X( ) 1 ηe X( )−( )⋅−
:=  Equation 10.13 

Current collected
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Value of X for output backoff D dB

X1 1:= X D( ) root PdB X1( ) D− X1, ( ):=
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θ 0 0.05, π..:=
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 Figure 10.11 

The shape of this curve is very insensitive to different

assumptions about the current waveform: linear, sine or

sine squared. 

(c) 2018 Richard G Carter



WS 10.2 Collector depression (Klystron).xmcd, p.8

X2 0 0.05, 1..:=
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Normalised load resistance RL 0.953=

Normalised effective gap voltage Vgeff 1( ) 0.797=

Vg 1( ) 1.005=
Normalised effective gap voltage

(c) 2018 Richard G Carter


