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1. Motivation 5. Challenges of high-voltage multiplier in vacuum

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 ¢f fhe most .

common techniques of generating high voltage is the Half-Wave Cockcroft-Walton voltade Jniv@ HEF“ compatible components needed | | I 4.8mm
(HWCW), where each stage consists of two capacitors and two diodes [1], [2], [3]. The design s & SSdilid&quency. AC signal prefered to ensure as high as possible voltage gutput ™

L : «High capacitances required for small voltage drop and ripple =
In this project. . . n . Q
= T L « At high frequencies additional problems have to be considered such as rﬁ:;onances
3, i e  ouree |2 of the transformer and transit times of the diodes
By placing this HWCW inside the vacuum one W T - Breakdown voltages of devices have to be > 2V
can_avoic_I the Iar_ge-size HV feedthrough anc _ 57mm 1
. the isolation requirements. sl H
)
v
L .
2. PI‘OpOsed Setup 3. Half-wave CW multiplier ' 40.2cm ' 3.8cm
1 AC-Sianal with The frequency of the input signal for the multiplier needs to be In raﬁge of
| in_velgtgf " ) 2. Transformer 10kHz to 100kHz for capacitors with value of 0.1uF 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 cl})J
frequency of f=16.7kHz and n=30 (C=0.1uF). 3
N According to the multiplier theory, at higher frequencies the output multiplier
4. Voltage divider Increases rapidly. Therefore non conventional transformers with ferrite cores |
5. Control electronics have to be used to avoid losses. HF transformer with resonanc

frequency of 120kHz
1. DC (12V) signal is inverted to AC signal

2. Transformer increases 12VAC t0=V1kVAC : -y
3. High-voltage-multiplier generates 60kVDC output voltage 0. lmprOved schematic (FU”-Wave'CW mUItlpller)
4. Output of HWCW multiplier decreased with voltage divider to a low voltage C

1 " —
5. Control electronics give feedback to inverter to regulate output voltage of multiplier — 35 Stages with C=0.1pF

Y
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3. Concept of half-wave Cockcroft-Walton-multiplie | b (P,
/\/\m;”\f oA S 1. First capacitor, & charged through diodgtdV, A2 s
| 2. Potential on right side ofi< 2V _ and G is charged Cl-l'
through diode [1o 2V | .
vV 3. Via Dthe third capacitor is charged tg 2vid the Assumptions: o
A\ voltage at A is zero -C=C'=C,...C,=C, ‘=C,C =C_'=C
4. Voltage on Js 2V and diode Dconducts to charge - Voltage drop of diodes insignificant
C,to2v - Ideal components
5. The ouput voltage Is the sum of voltagesnt G, - Charging and discharging period way smaller than period of AC signal
therefore 4V - Input voltage \and Y have a phase difference of 180°

Here the ripple and voltage drop at the output are: I

4 . . .
L ° With the FWCW multiplier the voltage ripple and drop are smaller than for the HWQV

v v plier at the cost of more components

An AC signal (red) with peak voltage akVhcreased (green) ar{d
rectified (purple) with HWCW multiplier. The ouput signal js 2 7 Resu ItS

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

blue: minus; red: plus; Voltages compared to lower part of transforgner S() far we were able {o generate 56kV fr()m 13kVAC inpUt Si

For n stages the output voltage without load is:

max

4. Theory of HWCW multiplier with load 8. Outlook and application

Capacitors are continuously charged and discharged, so the ripple voltaustdgettse k The goal is to reach 60kV output voltage with <1V ripple
L | 1. Further tests in vaccum
_ _ _ Assumptions: 2. Increase of efficiency of cascade
The output voltage ripple is the sum over the voltage ripple at each output capacigrEC, C =C, .... C,=C 3. Measurement of ripple
. Voltage drop on diodes insignificant 4. Decrease size of multiplier

* |deal components

The voltage drop is the sum over the voltage drops at the output capacitors: ~ ~€harging and discharging period way smallerfth
period of AC signal

o 30 Sirhulation for C=0.1uF and Vmax=1kV for dielectric laser acceleration experiments.
The output voltage of the HWCW multiplier is: ——10kAz, IMY . .
o5 —1kHz, 1IMY
—1kHz, 100MY
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. - e — -2 - - . Stages n
C, C, ..., G are the output capacitors
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