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The single-bunch kicker magnet is powered by a available copy to permit the hroadest
capacitor discharge pulser. The ferrite-core magnet possible availabifit
is used to kick out one of twelve proton bunches ' R i ’
circulating in the AGS (Alternating Gradient Synchro- R A
tron) into the experimental area. The magnet current
pulse has a half-sinusoid shape, with a peak current — /-KICKER MAGNET
of 2800 A. The pulse current rises and falls to zero, Vd \‘( FIELD
with minusus undershoot, in 410 nsec to minimize /
effects on adjacent bunches. The magnet inductance / \ ‘ BUNCH TO BE
is 1.0 uHy. /I \ EXTRACTED
20
The pulser is mounted on the kicker magnet in n:—-I l-/ \ gsgzg:s
the AGS ring, and is exposed to ionizing radiation. / \
The HVDC power supply, controls, wonitoring, and J ~ ———
auxiliary circuits are housed approximately 300 feet - —
away external to the ring. | J
:o—-l ! - L 410 -
A two—gap thyratron is used to discharge the s L_ __I ne
energy storage capacitor. Two hydrogen diodes are 220
series connected to function as an inverse diode. ns
Introduction
Fig. 2
A single bunch extraction (SBE) capability was
added to the AGS in 1983. In the SBE mode of opera- The half sinusoid current pulse in the kicker
tion, one of the twelve proton bunches circulating in magnet is geuerated by the resonant discharge of an
the AGS ring is extracted into the east experimental energy storage capacitor. The pulser has the fol-
area, while the remaining eleven bunches are ex-~ lowing electrical parameters:
tracted into the north experimental area. PFigure 1
is a schematic representation of the AGS extraction * a. 2B00 A peak pulse current.
system, . b. 400 ns wide (< 5% width).
c. 180 ns rise time.
TO NORTH A de 5 ns leading edge jitter.
EXPERINENTA L ] e. 5Z pulse undershoot.
AREA f. 0.3 to 1 pps repetition.
| g. 1 uH magnet inductance rate (load).
|
] A The pulser is mounted on the kicker magnet in the AGS
i / ring. Pulse controls, triggering, and monitoring are
/  To EAST located 300 feet away external to the r:l.ng in an
| equipment building.
EXPERIMENTAL
' AREA Design
The pulse current is generated by discharging an
energy storage capacitor into the kicker magnet coil
using a thyratron switch. The energy storage capaci-
tor resonates with the high Q magnet inductance at a
800 ns period to generate a 400 ns half-sinusoid
pulse. The energy storage capacitor and the magnet .
inductance form an underdamped series resonance cir-
Fig. 1 cuit (thyratron plate ispedance and magnet coil re-
sistance are negligible) as showm in Fig. 3. Assum-
ing a total circuit inductance of 1.5 uH (1.0 uH
The SBE fast kicker magnet is a singis turn magnet plus 0.5 pH stray), the saximum value of en—
ferrite core “C" magnet located in the E5 straight ergy storage capacitance is calculated by:

section of the AGS. The magnet is 1 meter long and

has a field strength of 1.25 kG at 3000 A. Clean 2

extraction; i.e. no effect on bunches on either side S - - ~8

of the bun::h to be extracted; requires the kicker ¢ (2!)2!. 1.08 x 10 0.011 ur

magnet field to rise and fall within the 410 ns space

shown in Fig. 2.

The capacitor charging voltage, based on a 0.01 uF

ry stovage capacitor and a 952 energy transfer is calcu—
Work performed under the auspices of the U.S. lated by: y
Departoent of Energy. “\




0.95 cv2 = LIZ
V = 37.7 kv

An inverse circuit, refer to Fig. 4, is used to spoil
the circuit'Q whe¥ the caplci:qgjvgltage reverses,
and reduces the iriverse ivoltage: aeross the switch
tube. The inverse circuit is connected es shown to
.prevent inversa current from flowing through the
magnet coil. The optimum value of inverse resistance

1s determined by: L
R= (/)2 w12,
The switch tube will return to the blocking state for

the negative portion of the oscillation, producing a
half-sinusoid current pulse in the magnet.
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Inverse Circuit Added

Figure S is a photo of the current pulse in the
magnet during preliminary testing using a single gap
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, [N !J. «
tetrode thyratron. The undershoot is a result of the
stray capacitance of the pulser discharging into the
magnet. This undershoot can be controlled by adding
a shunt resistor across the magnet to pzovide a re—
sistive discharge path for the stray capacitance.
This resistance value is a trade off between; under-
shoot, pulse fall time, and additional charging volt-
age. A value of 15 to 20 ohms will reduce the under-
shioot to 5% at the expense of 10% additional charging

voltage.

Ground loops must be eliminated to provide noise
free monitoring signals. All return leads must be
isolated from ground particularly those that carry a
pulse or trigger current. Due to the high frequen—
cies present in the pulse and the low impedances of
the pulser and load, large noise voltages can be
coupled back to the control and monitoring equipment
outside the AGS r'ng.
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Fig. 5
Magnet current pulse; i=2800A peak, Horiz.=100 ns/div.

Radiation Effects

The type of construction used in the energy
storage pulse capacitors was determined from experi-
ence on_ another AGS ring mounted kicker magnet
pulsec.! Standard mylar/oil pulse capacitors were
selected in place of mica capacitors. The mica ca-
pacitors offer superior radia:ion characteristics but
cost approximately 10 times a wylar/oil capacitor.

In addition, the mica capacitor: had a poor form
factor for the AGS pulsers. A swarch of the litera-
ture revealed a NASA report that indicated an accept-
able life expectancy for mylar/oil capacitors in a
radiation environment can be achieved if the ambient
temperature is kept uander 50°C.2

An estimated 3 x 1017 proton will strike the
wmagnet during operation, based on a 10 week run per
operating year. At this level the capacitors should
last 1 to 2 years before failing. The capacitor
windings arc in a metal cylinder sealed at one end,
instead of a phenolic cylinder as the original HS
capacitors. A ceramic terminal is used as one termi-
nal of the capacitor. This construction will result
in a capacitor that will resist bursting. The capac-
itor wetting agent was changed from mineral oil to a
silicon oil to reduce the fire hazard if a capacitor
should rupture.

A test capacitor was built with a pressure gauge
replacing the insulated terminal. The test capacitor
was mounted on the E5 magnet in a position to receive
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more radiation than the PFN capacitors. (The AGS
ring is divided into 12 “superperiods"” designated A
through L counterclockwise. Each "superperiod” has
twenty bending magnets designated 1 through 20 coun-
terclockwise. Equipment location in the AGS is des-
ignated by the superperiod letter and nearest bending
magnet number.)

The HS pulser was operated for the last FEB
(fast extracted beam) run. There was no electrical
degradat19n of the PFN capacitors after an estimated
1.5 x 10 protons struck the HS magnet during the 5
week run. The magnet read 20 R immediately after the
run, and decayed to a 1 R levcl in two days. The
nressure in the test canacitor at the end of the run
was 2-1/2 psi, apparently due to jjas released due to
radiation induced chemical changes.

Construction

Figures 6 and 7 are simplified schematic dia~
grams of the ES pulser HV and LV sections respec—
tively., Figure 8 is a photo of the E5 pulser mounted
in the AGS ring. Figures 9 and 10 illustrate the
pulser access. '

A two gap tetrode thyratron is used as the main
switch tube since the maximum charging voltage is 41
kV. A pair of hydrogen diodes are connected in se-
ries to act as the inverse diode.

The energy storage capacitor is a pair of 0.005
uF ~ 50 kV dc pulse capacitors in parallel. These
capacitors are the mylar/oil type.

The switch tube is triggered by a 150 ns wide 2
kV pulse. The trigger source is a bootstrap thyratron
circuit located outside the ring around 300 feet away
from the pulser.

The primary grid and bias grid power supplies
are located in the LV section of the pulser. All
voltage controls, signal monitors and interlock cir-
cuits are transformer isolated for EMI reduction.
All potential ground loops between the ring mounted
equipment and the control/monitoring equipment house
had to be eliminated. If ground loops are not elimi-
nated the pulse noise is coupled into the control
circuits of the pulser and other equipment in the
house. This induced noise will result in erratic
equipment operation.
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Simplified Schematic Diagram — HV Section
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Fig. 7
Simplified Schematic Diagram ~ LV Section

E5 Pulser Mounted on the Kicker Magnet
in the AGS Ring.

(FIQ HOUSE)

Fig. 9. ES Pulser Illustrating Access to HY and LV

Sections.



Fig. 10. ES Pulser Access to Main Switch Tube.

Performance

During the January 1983 FEB run, SBE was suc-—
cessfully performed at the AGS. Figure 1l is a photo
of a 2800 A current pulse in the kicker magnet.
Figure 12 is a photo of the FEB beam current monitor
illustrating the sixth bunch missing without affect-
ing the bunches on either side.

Fig. 11. Magnet current pulse, 2800A pk. horiz. 100
ns/div.

Fig. 12. Beam current monitor, sixth bunch missing
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Figure 13 illustrates the anode conduction delay
of the inverse diode referenced to the magnet current
pulse. This photo shows an approximate 50 ns delay
in the start of inverse current after the capacitor
voltage reverses (peak of current pulse). This anode
current delay of the inverse diode is a compromise
betwaen minimum delay and dc leakage. The delay is
adjusted by optimizing in inverse diode filaments and
reservolr voltage.

Fig. 13. Magnet current vs inverse diode current
200ns/div.

Figure 14 i{llustrates the voltage across the
switch tube. Figure 15 is the switch tube voltage
with the current pulse for reference. Excessive
inverse voltage across the switch tube can cause
“ring through”; i.e. the negative half of the sinu-
soidal oscillation resulting in undesirable current
flow in the magnet. For an optimized inverse circuit
resistance, i.e. critical daamping of the inverse
voltage, the inverse voltage is approximately 1/2 the
charging voltage. As this inverse voltage approaches
the tube limit, the turn off characteristics will
have to be optimized. The bias grid voltage and
reservoir voltage are adjusted for the shortest re-
covery time. The two gap thyratron recovery time was
only slightly better that the single gap thyratron
used during the prototype stage.

Leading edge jitter, measured from low level
trigger pulse input to current pulse output is 5 ns
or less. Althcugh the trigger pulse amplitude is
large to ensure clear jitter free triggering of the
switch, care must be excercised to ensure it is not
too wide at the base. If the grid of the thyratron
is not negative at the end of the main current pulse
there will be erratic turn-off probleas.
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Fig. 1l4. Voltage across the switch tube; 200 ns/div.



Fig.

15. Voltage across the switch tube vs magnet
current, 200 ns/div.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwisc does not siecessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



