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Summary the serial output along pith its clock over light links
to a serial-parallel register arrangement.  The parallel

The 150 kV test stand ac BNL is being used to in- outputs are then fed to a DAC to reproduce the waveform.
vestigate the extraction, acceleration and transport While running at about a 50 kHz race, the granularity is
problems associated with the development of intense that of 20 Fsec bytes, but at oscilloscope sweep speeds

negative ion beams.  The power supplies associated of 0.5 co 5 msec/cm this is not objectionable.
with these functions as well as the control and moni-
toring electronics are described. All logic in both the high voltage terminal and

control room electronics uses high noise immunity logic

System Descriotion (HINIL) where ever possible.  Having encountered many
noise problems using TTL logic in the construction of

An overall block diagram of the electronics for systems of the same general nature, we feel that HINIL
the 150 kV facility is shown in Fig. 1.  The ion source logic has been well worth the effort of higher power
itself is located on a plate attached to one side of a supply voltages, slightly less flexibility, etc.
high gradient column structure similar to that used on

BNL's 750 kV linac injector.  It is of a reentrant con- Arc Power Supply
figuration allowing gradients of up to 70 kV/cm.  The
power supplies and associated electronics for the The arc power supply (Fig. 3) is a charged pulse
source are located in a high voltage dome directly forming network which uses thyristors as the discharge
behind the source. The extractor is located in front and crowbar switches. Several PFN's have been conscruct-

of the source and is driven by a 30 kV 5 ampere power ed, but the one in present use is a 25 msec line of 20
supply (described elsewhere).  The accelerating sections having an impedance of 0.4 ohms.  The line is
electrode is at ground potential inside a vacuum tank, constructed with computer grade aluminum eleccrolytic
one meter in diameter and two meters long.  This tank capacitors in series/parallel and air core inductors
houses all the diagnostic detection gear and beam wound with AWG No. 2 magnet wire.  The storage line is
focusing quadrupoles.  At present, the source param- fed from a phase controlled dc power supply.  Inpuc
eters are manually controlled and monitored in a power is turned off during the pulse period to avoid
control room adjacent to the experiment. hang fire problems in the thyristor circuitry.  All

thyristors are PSI G300-30 with ratings of 490 amperes
Telemetering System average and Vfwd of 3000 volts.  The operation of the

arc pulser is as follows: after the PFN is charged, the

Telemetering information between the high voltage discharge SCR in series with the output is fired, de-
c    terminal and ground is accomplished via 24 fiber optic livering current through a resistor bank to the source.

light links.  These were purchased commerciallyl and The resistor bank allows any series resistance value
have a bandwidth from dc to 2 MHz.  The power supply dc from 0.25 ohms to 7.75 ohms in 0.25 ohm steps.  When
reference signals from the manual controls feed voltage-  the trailing edge of the discharge gate arrives, the
to-frequency converters, which drive the light links crowbar SCR is fired connecting a capacitor charged to
in a pulse mode,  The light link receivers then drive twice PFN potential, (but with the opposite polarity)

frequency-to-voltage converters and are buffered out across the discharge SCR cutting it off. The commu-
co the dc power supply input reference terminals. One tating capacitor is then resonated with the last inductor
light link is used for each dc reference signal. in the PFN, and extinguishes when the current Cries to

reverse.  At this point, the dc power supply restores

Digital information such as on/off commands and energy co the PFN and brings it up to the previous
BED coded data are multiplexed in a serial fashion as value.  The commutating capacitor is also charged in

shown in Fig. 2.  Thus a serial command string and a the same direction as the PFN output and must be re-
clock are sent co the high voltage terminal on two versed.  This is accomplished by resonating it separately

light links.  The same clock is used at che high with the ring SCR.  The ring SCR is fired just prior co
voltage side to shift out status data on a third light the beginning of a new discharge cycle.
link, to the status register at ground potential.  The
information arriving in serial form is loaded into a In order to protect the arc pulser, we have made
register and a jam transfer is done to a set of latches liberal use of varistors to protect against high cran-
at che end of the clock burst. The data rate is set sient voltages due to large di/dt's created in the
at about 10 Hz.  Timing signals to drive the source source.  Snubbers are also used across all thyristors.
electronics are also sent up on light links using During development of this pulser, several SCR's were

one each for the valve gate, discharge gate and charge lost.  Examination by the manufacturer showed this co

gate. be due co coo high a value of di/dt.  The source is
protected in the case of a short by detecting a zero

Provisions for monitoring the ion source arc cur- voltage across the source and firing the crowbar SCR
rent and arc voltage waveforms at control room level· are prior to che end of its normal cycle.
a definite necessity. To accomplish this, a system
different from the V-F-V convertors was needed, due to Magnet and Pulsed Valve Power Suooly
che desirability of higher bandwidth than was avail-
able ac the time (approximacely 10 kHz).  The present The magnet power supply is a simple transformer-
system (Fig. 2) uses an ADC with a moderate conversion rectifier combination whose output current is regulated
time (17 usec) co digitize the waveform and transmit by a phase control loop.  The volcage/phase control unit
*                                                          is a commercial module manufactured by Vectrol.
Work performed under the auspices of U.S. Energy and
Development Administration.
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The pulsed valve power supply is a simple de power 
supply with a series transistor switch driving an elec
tromechanical solenoid valve. Future plans include a 
faster peizoelectric valve. 

Diagnostics 

The profile monitor is a set of 30 parallel wires, 
4 mils thick, which intercept the beam. The current 
thus intercepted is amplified, converted to a voltage, 
and sampled at a selected time during the beam pulse. 
An FET multiplexer system scans each voltage in turn and 
produces a plot of 6q/6t versus position, which repre
sents a density distribution curve. This is displayed 
on a scope and can be plotted on an XY plotter via the 
CAMAC PDP-11 system. There are separate monitors for 
horizontal and vertical. A linear drive system is used 
to move the profile monitors up and downstream in the 
beam to measure the longitudinal dispersion. 

The ion currents are measured with a standard tape 
core current transformer. Effort is underway to con
struct a different type of current transformer having de 
response, for use with longer beam pulses. 

Extractor Power Suoolv 

2 The extractor power supply is used to create a 
field to pull negative ions out of the plasma discharge. 
As such it is required to deliver current due to inter
cepted charged particles falling on the-extractor itself. 
The required potential for extraction falls between 5 
and 30 kV and the maximum current is less than 5 amperes 
for this test facility. This pulsed power of 150 kW 
meant a large, heavy power supply which would have to 
be referenced to ion source potential, off ground by up 
to 150 kV. Since we already had at BNL a high voltage 
structure, able to house the ion source and some elec
tronics, though without sufficient mechanical strength 
to support a large power supply, an alternative scheme 
was devised. Instead of using a large oil filled iso- · 
lation transformer, it was decided to incorporate the 
entire supply inside one oil tank and bring the two out
put terminals through a large bushing extending outside 
the supply and connecting to the high voltage dome and 
ion source extractor respectively. 

With respect to the block diagram, Fig. 4, it can 
be seen that the input power of 460 volts 3-phase is 
fed to an autotransformer which controls the raw output 
voltage. The high voltage transformer has a delta 
pr.imary and t'"O secondaries, delta and wye driving 
6-phase bridges to allow a 12-phase ripple component. 
The powerstat is located at ground potential, but the 
entire high voltage transformer is oil immersed with 
200 kV isolation between the primary and secondaries. 

The power supply is basically a double loop series 
pass tube regulator system. Since all of the pass tube 
electronics are at accelerator potential, signals must 
be isolated from the ground level control panel. Slow 
on/off signals are transmitted by fiber optics using 
simple, but slow response circuits. The linear refer
ence signals and current monitoring information is 
transmitted by using a voltage to frequency convertor 
and a high voltage pulse transformer of special design. 
A frequency to voltage convertor is used on the re
ceiving end to reconstruct the analog information. 

The supply is regulated in a conventional manner by 
sampling the output voltage and comparing it to the ref
erence input. The grid of the 4CW50000E is then driven 
to force the output to the correct potential. A second 
slow loop is used co drive the autotransformer up or 
down. A pass cube voicage sensor element looks at series 
cube drop and chen drives the autotransformer up or down 

(via light links) to maintain 10 kV across the tube. 

A fast crowbar system is used to protect the source 
from absorbing excess energy should a spark occur. The 
output of a 40 milliohm shunt in series with the output 
is sent to an overcurrent sense circuit. If this signal 
exceeds the setting of a comparison circuit, a ·crowbar 
command is generated. This triggers two ignitrons, one 
to discharge the raw power supply capacity of 4.8 micro
farads and the other to dump the 0.5 microfarads plus 
the external strays. In addition, the pass tube is cut 
off at the grid. This system brings the output to zero 
in about 3 microseconds. This action also signals the 
main high voltage contactor to open. 

The extractor power supply is operating generally 
according to specification and has only one component 
failure, a bad ignitron. It has been found however, 
that the power supply should be modified to allow a pass 
tube cutoff and an output ignitron dump in the case of 
spark. The input or raw power supply ignitron should 
be fired only in the event of a tube arc. In addition, 
the input contactor should remain closed and after some 
predetermined time the grid of the tube pulsed on to 
bring up the output voltage. This would eliminate the 
necessity of manually turning on the high voltage con
tactor after each spark, since these are quite numerous 
during conditioning. This modification is now under 
design at BNL. 

Accelerator Power Supply 

The Accelerator Power Supply was designed to allow 
the negative ion test stand to come on the air within 
a minimum time span and with a cost factor falling with
in our budget. The simplest system was a charged 
capacitor bank with some sort of crowbar arrangement. 
The system uses eight 0.25 microfarad, 150 kV capacitors 
purchased from High Energy Incorporated. As shown in 
Fig. 5, cwo capacitors are connected in parallel and 
then in series with a 200 ohm carborundum current 
limiting resistor. This limits the maximum energy in 
a shorted capacitor to about 5.6 kilojoules. This 2 
microfarad capacitor bank is connected to the high 
voltage terminal through another 300 ohm resistor de
signed to limit peak sparking and crowbar currents. The 
resistors are physically located on top of a toroid 
which is part of the commerical spark gap3 used as the 
protective crowbar system. As may be seen in Fig. 6, 
the carborundum resistors are enclosed in an oil filled 
plexiglass tube and hold off 150 kV with little diffi
culty. We did find however, that the value of resis
tance doubled in the oil. 

The capacitors are charged by a 0-150 kV, 30 milli
ampere, current limited de power supply purchased from 
Kilovolt Corporation. This is a straightforward trans
former rectifier arrangement with a saturable reactor in 
the primary and controlled by a large autotransformer. 
Since the supply current is self-limiting an output 
short to ground during a crowbar produces no problem. 

The crowbar itself, consists of two large spheres 
with a needle gap. The needle is held at midpoint 
potential by a high impedance voltage divider. The 
crowbar action is as follows: if the accelerator 
terminal voltage should drop by more than several kV 
due to a spark, a oV signal is picked up by a capacitor, 
consisting of a stress cone mounted on the cable which 
feeds the capacitor bank from che charging supply. 
This change is passed to an ajustable threshold ctrcuit 
and driver system to trigger a 5C22 thyratron. The 
thyratron dumps a charged 0.1 microfarad capacitor 
through the primary of a pulse transformer. The re
sulting 200 kV secondary pulse is capacitively coupled 
co trigger a small igniting gap which then fires the 
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main ball gap, To ensure the firing of the small gap 
at low accelerator potentials, a small ionizing radi
ation source of Co 60 is located over the gap. 

The performance of the system has been generally 
good, although it has disadvantages compared to a 
regulated system. The dumping of all stored energy 
during a crowbar produces large transients which prove 
troublesome to some low level equipment. The crowbar 
system operates well at all voltages up to about 130 kV, 
above which it may require some conditioning and· 
cleaning of the ball gap su~faces. The only component 
failures to date have been two blown capacitors, These 
capacitors are not enclosed in metal cans and apparently 
the gradient from the bottom of the capacitor to a con
crete floor was too high at the 150 kV level. Since 
that time, the capacitors have been relocated in fiber
glass pans resting on a plexiglass platform to increase 
the creepage path. 

Computer Control and Monitoring System 

The computer control facility for the 150 kV test 
stand consis.ts of a PDP-11/10 computer with 28 K of core 
memory, a dual DECtape, a disk and one CA~AC crate. 
The C~~~C modules include an input and output register, 
multichannel ·multiplexed ADC, a timing module and sever
al DAC's. Input devices are a paper tape reader, DEC
writer and CRT terminal. A small line printer is 
available for hard copy of ion source parameters and 
is used during software development. A dual floppy 
disk system is also being purchased. Concentrated 
effort on the software and hardware to be used in the 
facility started several months ago, and to date two 
programs are in use: one to print out ttie ion source 
parameters after a pulse and another to print out the 
profile monitor amplitude values and plot the profile 
on an XY plotter. The future plans call for use as a 
means to control the experiment as well as outputting 
monitor type information and long term (tape) storage 
of operating conditions etc. The system will run in a 
foreground-background mode to allow program develop
ment to proceed while still using the computer as a 
monitoring tool, All connections between the test 
facility and computer, are through the CAMAC system. 

All digital inputs are optically isolated and analog 
inputs are well buffered in differential fashion. 
Problems still exist in the computer system when heavy 
arcing is encountered as during high voltage condi
tioning, but this problem has not yet been fully 
explored. 

Future Plans 

Our future plans include the addition of a calorim
eter system composed of an array of thermistors embedded 
in a metal plate. The thermistor output will be sampled 
at an appropriate time after the beam pulse, and the 
results displayed to give a picture of the beam density 
distribution as an aid to beam line-up. 

Construction of the focus'ing quadrupole power supply 
is near completion and will allow us to investigate the 
problems of beam transport, 

Effort will also be increased in the area of com
puter control with an eye towards operating the experi

. ment in a more efficient and reproducible way, A new 
timing system will be included which is more intimately 
tied to the computer system. 
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