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Brookhaven National Laboratory Is now In the
process of expanding the capability of the AGS to
include the acceleration of polarized protons.1 One
of the requirements to accomplish this is to pulse
twelve quadrupole magnets to rapidly cross depolariz-
ing resonances (see Figure 1). Having crossed the
resonance, the field in the magnet must be maintained
so as not to re-crosa the resonance.
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The parameters of the AGS require a magnet cur-
rent pulse with a 2 lis rise (dictated by the maximum
permissible depolarization) and a 3 ms fall (deter-
mined by the rate of momentum change during accelera-
tion). Eight of these pulses will be required during
the acceleration of the protons. The first of these
pulses will have a peak amplitude of +140 amps. Each
suceedlng pulse will be progressively larger and
opposite in polarity of Che praceeding pulse, until
the eighth pulse Is generated with a -2,250 aaps
peak.

The problem is addressed with two mirror-image
circuits, one to produce positive pulses, and the
other negative. Each of these circuits are further
divided into two sections, one to cause the rapid
rise, and the other to maintain the slow fall.

The rapid rise is accomplished by discharging a
0.25 uF capacitor into the 7 uH, though approximately
17 kV is required to reach the maximum currents. One
approach to the slow fall is to crowbar the high
voltage capacitor with a large low voltage capacitor.
This circuit is shown in Figure 2. The capacitor to
ring with a quarter wavelength of three milliseconds
would have a value of 0.6F, and would Ideally be
charged to exactly cqrapensate for the arc drop of the
thyratron switch tube. Since the 0.6F is such a
large storage element as compared to the 7 uH load,
voltage mismatches between the thyratron arc drop and
the voltage on the capacitor of less than one-half
volt will result In unacceptable load current vari-
ations. In addition, the thyratron should be switch-
ed' at a time where the anode voltage is less than 100
volts. It will not operate at this level.
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Fig. 2 - Capacitive slow-fall circuit

These drawbacks are overcome by using an induct-
or as c ent source in the low voltage circuit. The
simplified schematic of Figure 3 is used to demon-
strate the operation of this circuit for one ampli-
tude of a single polarity. The cycle starts by
charging Cl to +200 volts. SCSI discharges Cl in LI.
When LI is fully charged, SCR2 switches in Cl which
has previously charged to -500 volts. This turns
SCSI off. As current continues to be drawn from C2,
the voltage on V2's cathode drops rapidly. The cur-
rent levels are programmed such that when the voltage
at this point reaches -750 volts, the current in the
Inductor is at the desired peak current. Then VI is
fired discharging C4 in the load. When C4 is at zero
volts (peak current) V2 is fired. Just prior to
firing, there Is 750 volts across V2, which is suf-
ficient for reliable firing. When this tube turns
on, the resulting voltage stop shuts off SCR2, and LI
maintains the current in the load. The C2-E2 com-
bination balances any initial imbalance bewteen the
load current and the current in LI. The key wave-
forms are shown in Figure 4.

There are two very important design considera-
tions to be mentioned here. First, the Inductance of
that portion of the circuit that is not carrying cur-'
rent at the time V2 is switched, must be kept low.
Since 17 kV is used to cause a 2 us rise to full
current in a 6 11J load, it is clear that the V2 cir-
cuit with only 750 volts available must have low
inductance in order to build up to full current in a
snail fraction of that 2 us. A coaxial configuration
is being used to minimize the inductance in the V2
circuit.
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Fig. 3 - Inductive slow-fall circuit
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Secondly, the timing of the SCR's is a function
of current set points. During the short interval
that LI is charging C2, LI Is effectively a constant
current source. The slope of the voltage on C2 is
proportional to this curren' which implies that the
time t:i reach -750 volts Is also. Using the highest
current pulse case as an example, a ± 20% change in
the current setting would result in V2 firing volt-
ages from -520 volts to -982 volts if not corrected
by changing the SCR firing times.

When the positive and negative halves are put
together, the possibility for crossfiring exists.
Figure 5 shows the portion of the circuit where this
problem exists. Just prior to firing, each tube has
an anode-to-cathode voltage on it of 17 kv. When one
tube fires, the other will experience step increases
to 34 kV with a rise time of only 60-70 ns. This
strongly tries to cross-fire the tube. To ease this
stress, an alternate circuit was developed2 as shown
in Figure 6. This circuit requires a bipolar high
voltage power supply, but now the cross-firing stress
is nearly eliminated.

An additional advantage of this circuit is that
the maximum anode-to-cathode voltage is half that of
the original circuit. This enables the use of igni-
trons to be paralleled with the thyratrons Co extend
their life.

The full circuit is shown in Figure 7. Separate
charging circuits are used for each resonance to re-
duce the charging power requirements.
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Fig. 6 - Alternate high voltage switching

A microcomputer will be used to control all
twelve systems. Typical functions Include d.c- power
supply settings, timing pulses, and mode controls.
The microcomputer will monitor system performance,
and detect equipment malfunctions. In addition, the
luicrocomputer provides an Interface to the larger
computer 3ystem that Integrates all the components In
the AGS.

Conclusion
The use of an auxiliary inductor is proposed as

an effective method of producing a slow current fall
in a fast rise magnet modulator. The current source
operation of the inductor results in stable operation
of the supply as parameters in the high voltage
switch devices vary.
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Fig. ? - Circuit for generating eight pulses of alternating polarity


