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Accelerator Department, Emil@ Haefely & Co Ltd, Base1 

Switzerland 

This paper deals with designconside- 
rations for the 800 kV power supply of the 
preaccelerator for the 12.5 BeV Zero Gra- 
dient Synchrotron in operation at Argonne 
National Laboratory. 

Large orbital accelerators require 
the injection of pre-accelerated parti- 
cl-es. Electrostatic or Cockcroft-Walton 
generators and linear accelerators are 
normally used for the initial stages of 
acceleration. This paper describes the 
800 kV powersupply of the pre-accelerator 
for the 12.5 BeV Zero Gradient Synchro- 
tron in operation at the Argonne National 
Laboratory, Illinois. 

The power supply had to meet thefol- 
lowing maximum requirements : 

DC Output voltage 800 kV 
Rated current,continuously20i r$ 
Pulse current 
Pulse duration 2 msec 
Repetition rate 10 pulses per 

second 
Overall stability 1X10-3 during 

and between the 
pulses. 

Since high current pulses of up to 
200 mA and up to 2 millisecond duration 
were required, the large current capabi- 
lity of the symmetrical cascade generator 
was of particular use. In another article 
published in these Proceedings, reference 
is made to the circuit diagram and the 
particular features of the symmetrical 
cascade generator lj*. It consists of two 
standard Cockcroft-Walton circuits connec- 
ted in parallel with only one common co- 
lumn of smoothing capacitors. Asexplained 
in the other article, the symmetrical cas 
cade rectifier does not produce any capa- 
citive voltage ripple. Moreover, the load- 
dependent voltage ripple and the total 
voltage drop are very small in comparison 
with the standard circuit, These features 
facilitate the stabilization of the dc 
output voltage even under the severe con- 
ditions of pulsed load. The electrical 
diagram of the complete installation is 
shown in figure 1. 

The cascade generator consists of 4 
stages of 200 kV each. All smoothing and 
coupling capacitors have capacitances of 
0.032 PF each, with the exception of the 
coupling capacitors of the bottom stage 
which are rated at 0.064 PF each. The 
bottom coupling capacitors have to with- 
stand only half the rated voltage of the 
other capacitors. High voltage selenium 
rectifiers with a rated current of 10 mA 
were used. These rectifiers are superior 
to vacuum tubes in that theydo not re- 
quire filament supplies at high poten- 
tials, thus insulating transformers or 
auxiliary generators can be avoided. As 
compared to silicon diodes, selenium rec- 
tifiers can be made of a more compact and 
simpler design. No shunt capacitors or se- 
ries-resistors are required to provide a 
uniform voltage distribution across the 
series-connection of diodes, nor are se- 
lenium rectifiers as sensitive to over- 
voltages and over-currents as are sili- 
con diodes 3. 

The cascade rectifier is operated at 
480 cps and fed by two high voltage trans- 
formers with a secondary voltage of 90 kV 
each. The transformers are energized from 
a stabilized frequency converter set. A 
filter stack consisting of 4 filter capa- 
citors of 0.032 PF each and a filter re- 
sistor of 500 kohms is connected to the 
high voltage terminal of the cascade rec- 
tifier in order to reduce the residual 
voltage ripple. Resistors are connected 
between the respective stages of the smoo- 
thing and filter columns in order to pro- 
vide a uniform dc voltage distribution 
along the filter stack. 

The power supply is connected to the 
accelerator or high voltage structure 
through a protective resistor of 50 kohms. 
The accelerator structure includes the ion 
source and auxiliary electrical equipment 
in a large high voltage terminal made of 
highly polished aluminum, as seen in fi- 
gure 2. The high voltage terminal is res- 
ting on three insulating supports, one of 
which is the measuring potentiometer for 
the stabilization of the acceleratingvol- 
tage. The ion source is energized from an 
ac generator of 400 cps, which is driven 
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through an insulating shaft by a motor on 
ground potential. The output power of the 
generator is 15 kW. The motor generator 
set is mounted on a freestanding tripod of 
steel, which also supports the insulating 
cylinder and drive shaft. There are no ri- 
gid connections between the driving Column 
and the high voltage structure in order 
to avoid vibrations. 

The measuring unit is designed as an 
ohmic-capacitive potentiometer. Its resis- 
tance is 4 x108 ohms, and the totalparal- 
lel capacitance is 1000 upF. An oil circu- 
lating system and cooler are provided for 
the heat dissipation of the measuring po- 
tentiometer, since the total power losses 
in the metering resistor amount to 1600 
watts at a rated current of2 mAat 800 kV. 
The measuring potentiometer plays an im- 
portant role in the stabilization circuit. 
It must be emphasized that a pure ohmic 
potentiometer would be too slow for the 
requirements of pulse stabilization. 

If the current pulse of 200 mA is 
drawn from the cascade rectifier, at first 
the capacitors of the measuring potentio- 
meter will be partially discharged, and 
a voltage drop will appear across the pro- 
tective resistor of 50 kohms. The opera- 
ting frequency of 480 cps is too low to 
supply further energy from the high vol- 
tage transformers through the capacitors. 
For this reason, the filter capacitors 
will also be partially discharged. It is 
easy to calculate that the total capaci- 
tance of the installation is not suffi- 
ciently large to keep the dc output vol- 
tage within the required limits of 0.1 
percent during the pulse duration. 

For this reason , the output voltage 
is stabilized by means of a bouncer recti- 
fier which is inserted between the bottom 
center point of the symmetrical cascade 
generator and ground. The high voltage 
triode in the bouncer rectifier has to 
meet various severe requirements. It must 
be able to supply the full pulse current 
of 200 mA and to compensate for the vol- 
tage drop of the cascade rectifier during 
the pulse which may be as high as 50 kV. 
Moreover, the risetime of the voltage 
pulse from the bouncer rectifier must be 
short enough in order to follow the short 
risetime of the load pulses which is in 
the order of microseconds. 

The fine or fast stabilization in ths 
high voltage circuit operates in the fol- 
lowing way. The secondary voltage of the 
measuring potentiometer is compared with 

an adjustable reference voltage source. 
The error signals, i.e. the deviations be- 
tween the secondary voltage and the refe- 
rence source, are amplified in ac and dc 
amplifiers and applied to the grid of the 
high voltage triode in the bouncer recti- 
fier. 

The response times of the ac amplifi- 
ers and of the bouncer rectifier can be 
made sufficiently short. Particular atten- 
tion, however, must be paid to the perfor- 
mance of the measuring resistor in the 
stabilization loop. Due to the natural 
stray capacitances from the resistor co- 
lumn to ground, high ohmic measuring po- 
tentiometers are always rather slow. Fi- 
gure ;S shows the secondary voltage rise 
of a pure ohmic potentiometer, if a unit 
step voltage is applied to the high vol- 
tage terminal. The measuring resistance R 
and the stray capacitance C, are represen- 
ted by the iterative network shown in fi- 
gure 3, where R = n R' and C, = n CA. R' 
and C& are the resistance and stray capa- 
citance per link of the network. With a 
high number of links n the stray capacl- 
tance becomes uniformly distributed. If 
the unit step voltage is applied to the 
network, the secondary voltage V2 is given 
by the series 

v$r) 
- zz 

v2 6-1 
1 + 2 f (-# .-k2ii2 ?- 

(1) 

k=l 

where T = $ 
S 

This result was obtained by applying the 
theory of iteraiive networks and Laplace's 
transformation . 

The time axis is expressed in frac- 
tions of the time constant of the poten- 
tiometer which is RC,. Assuming a total 
stray capacitance of 100 puF for the8COkV 
metering resistor, the time scale would 
become t = 40 r in milliseconds. It is 
evident from the curve in figure 3 that 
a pure ohmic metering resistor cannot be 
used for stabilization purposes in the 
millisecond range. The frequency response 
can be greatly improved by connecting ca- 
pacitors in parallel to the measuringunils. 
From figure 4 it is apparent that steep 
rises of the secondary voltage can be ob- 
tained if the ratio between the total pa- 
rallel capacitance Cp and the stray capa- 
citance Cs is made Cp/ Cs 2 1. These cur- 
ves were computed from the behaviour of 
the iterative network shown in figure 4. 
The relative rise of the secondary vol- 
tage is now given by the series 
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v2(7) - = 
v2b-4 

1+2&9 (-1)k e 
-k2Z2r/( l+k2z2Cp/Cs) 

k=l l+k2z2Cp/Cs 

(2) 

The ratio of the parallel capacitance 
C - 1000 upF to the stray capacitance 
cp - = 100 uuF is C / C = 10. The upper- 
m&t curve of fig&e 4Sapplies . With this 
ratio of 10 the secondary voltage will im- 
mediately rise to more than 98 percent of 
the final value. 

Practical experience has shown that 
the stabilization circuit is effective 
and fast enough in order to keep the dc 
output voltage within the permissible li- 
mits of 0.1 percent. 

A coarse stabilization is provided 
at the frequency converter set in order 
to compensate for the slow fluctuations 
of the mains supply voltage. 

The particular problems involved in 
the design and construction of a stabili- 
zed high voltage dc power supply are cre- 
ated neither by high voltage techniques 
nor electronics, but by the combinationof 
these two diametrically opposed fields of 

electrical engineering. It is the simul- 
taneous operation of two different kinds 
of electrical equipment, one operated in 
the megavolt range and the other in the 
millivolt range, that are causing problems 
in achieving both high voltage and high 
stability at the same time. 
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Fig. 1. Block dlagra:n of the Injector .pouer supply. 



1965 REINHOLDANDMINKNER: POWER SUPPLIES FOR BEAM INJECTION INTO ORBITAL ACCELERATORS 823 

Stack 

-- 
FEET 

OL 

a3 

0.2 

al 

0 

i 

R.n.R’ 

0ola203oLww 0.7 04 

Fig. 3. Response of an ohmic potentiometer 
under the inflmnce of stray capacitances. 

Fig. 2. Mechar,ical 
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Fig. h. Response of an ohmic-capacittve potentio- 
meter under the influence of stray capacitances. 


