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1. Motivation
The aim of this work is to introduce a circuit design that provides a low power, high voltage (60kV) with low 
ripple (<1V) in a small volume, while being fully ultra high vacuum (UHV) compatible. One of the most 
common techniques of generating high voltage is the Half-Wave Cockcroft-Walton voltage multiplier 
(HWCW), where each stage consists of two capacitors and two diodes [1], [2], [3]. The design is also utilized  
in this project.

3. Concept of half-wave Cockcroft-Walton-multiplier
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4. Theory of HWCW multiplier with load
Capacitors are continuously charged and discharged, so the ripple voltage for the kth stage is:
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The output  voltage of the HWCW multiplier is:

2. Proposed Setup
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5. Challenges of high-voltage multiplier in vacuum  
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Here the ripple and voltage drop at the output are:

4.
5c

m

4.8mm

7. Results

8. Outlook and application
The goal is to reach 60kV output voltage with <1V ripple
1. Further tests in vaccum
2. Increase of efficiency of cascade
3. Measurement of ripple
4. Decrease size of multiplier 
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For n stages the output voltage without load is: 
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An AC signal (red) with peak voltage of Vmax is increased (green) and 
rectified (purple) with HWCW multiplier. The ouput signal is 2Vmax.
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1. DC (12V) signal is inverted to AC signal 
2. Transformer increases 12VAC to Vmax = 1kVAC
3. High-voltage-multiplier generates 60kVDC output voltage
4. Output of HWCW multiplier decreased with voltage divider to a low voltage
5. Control electronics give feedback to inverter to regulate output voltage of multiplier
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Assumptions:
C1=C, C 2=C, .... C2n=C
Voltage drop on diodes insignificant
Ideal components
Charging and discharging period way smaller than 
period of AC signal

Assumptions:
C1=C 1’=C, .... C2n-1= C 2n-1 ‘=C, C2n= C 2n’=C
Voltage drop of diodes insignificant
Ideal components
Charging and discharging period way smaller than period of AC signal
Input voltage V1 and V2 have a  phase difference of 180º

and

With the FWCW multiplier the voltage ripple and drop are smaller than for the HWCW multi-
plier at the cost of more components

6. Improved schematic (Full-Wave-CW multiplier)

The output voltage ripple is the sum over the voltage ripple at each output capacitor:

The voltage drop is the sum over the voltage drops at the output capacitors:

Vacuum compatible components needed
High frequency, AC signal prefered to ensure as high as possible voltage output
High capacitances required for small voltage drop and ripple
At high frequencies additional problems have to be considered such as resonances 
of the transformer and transit times of the diodes
Breakdown voltages of devices have to be > 2Vmax

The frequency of the input signal for the multiplier needs to be in range of 
10kHz to 100kHz for capacitors with value of 0.1µF to ensure as small as 
possible voltage drop and ripple at the output of the multiplier. For example 
with a conventional transformer voltages around 9.7kV are generated with 
frequency of f=16.7kHz and n=30 (C=0.1µF). 
According to the multiplier theory, at higher frequencies the output multiplier 
increases rapidly. Therefore non conventional transformers with ferrite cores 
have to be used to avoid losses.

With higher diode and capacitor breakdown voltage, higher input voltages can be used to increase the 
output of the FWCW multiplier. At 40kHz with a 12VDC supply and a high frequency transformer with a 
ratio of 12/1000 high voltages are achieved.

This high voltage source in a small footprint can be placed into 
vaccum to avoid large size isolation and feedthrough. In future it 
is planned to place this high voltage source in a vacuum chamber 
for dielectric laser acceleration experiments.

Vmax, f 

blue: minus; red: plus; Voltages compared to lower part of transformer

C2, C4, ..., C2n are the output capacitors

HV feedthrough
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So far we were able to generate 56kV from 1.3kVAC input signal.
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1. First capacitor C1 is charged through diode D1 to Vmax

2. Potential on right side of C1 is 2Vmax and C2 is charged        
    through diode D2 to 2Vmax

3. Via D3 the third capacitor is charged to 2Vmax and the 
    voltage at A is zero
4. Voltage on C2 is 2Vmax and diode D4 conducts to charge                
    C4 to 2Vmax

5. The ouput voltage is the sum of voltages of C2 and C4   
    therefore 4Vmax

3.8cm

4.2cm

HF transformer with resonance 
frequency of 120kHz

Simulation for C=0.1µF and Vmax=1kV

AC 
source

HV
source

Tip

By placing this HWCW inside the vacuum one 
can avoid the large-size HV feedthrough and 
the isolation requirements.
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35 Stages with C=0.1µF

Teflon (PTFE)


