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REDUCTION OF X-BPM SYSTEMATIC ERRORS BY MODIFICATION OF

LATTICE IN THE APS S.TORAGE RING*
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Abstract

With recent developments, X-ray beam position monitors
(BPMs) are capable of making accurate photon position
measurements down to the sub-micron level. The true
performance of X-ray beam position monitors when
installed on insertion device beamlines is, however,
severely limited due to the stray radiation traveling along
the beamline that contaminates the insertion device
photons. The stray radiation expanates from upstream and
downstream dipole magnet fringe fields, from steering
correctors, and from sextuples and quadruples with
offset trajectories. While significant progress has been
made at the APS using look-up tables derived from
translation stage scans to compensate for this effect,
performance of ID X-BPMS to date is at the 10 to 20
micron level. A research effort presently underway to
address this issue involves the introduction of a chicane
into the accelerator lattice to steer the stray radiation away
from the X-ray BPM blades. A horizontal parallel
translation of the insert;on device allows only ID photons
and radiation from two nearby correctors to travel down
the beamline, simplifying the radiation pattern
considerably. A detailed ray tracing analysis has shown
that stray radiation gets displaced by up to 2 cm
horizontally at the X-BPM locations so that it can be
easily masked. Results from such a modified lattice,
implemented for one of the insertion devices, are reported
here.

1 INTRODUCTION

During the design of the APS, much consideration was
given to the requirement for micron-scale beam position
stabilization. To this end, a very careful mechanical
design for photoemission gold-plated diamond blade-
based X-ray beam position monitors was executed [1]. As
described elsewhere [2], a method has been developed at
the APS for reducing stray radiation background signals
from X-ray beam position monitors on insertion device
beamlines. This radiation originates not only from the
fringe fields of the dipole magnets located upstream and
downstream of the insertion device source point, but also
from collinear steering corrector magnets and off-axis
particle beam trajectories through quadruple and
sextupole magnets in the straight section. By realigning
girders in the two sectors straddling the insertion device,
one can eliminate all of the stray radiation with the
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exception of that emanating from two corrector magnets
located immediately upstream and downstream of the
insertion device.

Figure 1 illustrates the concept of displacing accelerator
girders in such a way that stray radiation is directed away
from the X-ray BPM field of view. The strength of the
dipole magnets on either side of the insertion device is
decreased by 1 mrad, while two corrector magnets located
immediately upstream and downstream of the insertion
device are powered to compensate for this l-mrad loss of
bend angle in the main dipoles. With these changes in
magnet strengths comes an accompanying displacement in
the girders and an approximately 6-mm parallel horizontal
displacement of the insertion device. 43.
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Figure 1: X-BPM stray radiation realignment concept

Because there are many insertion device beamlines in
operation at the APS, an alternative concept was
implemented that was less disruptive to users. Rather than
displacing the insertion device outboard, the two adjacent
accelerator sectors were displaced inboard, leaving the
insertion device and its associated front-end and beamline
components undisturbed. This required changing the
strengths of four main dipole and four corrector magnets
and realignment of ten girders (each APS sector is
composed of five girders in addition to an insertion
device).

2 IMPLEMENTATION

The lattice modification just described required a
significant planning and analysis effort over a period of 15
months prior to its implementation in the APS storage
ring. Among the tasks undertaken was an extensive
program of computer-aided design ray tracing to ensure
that no uncooled interior vacuum chamber surfaces would
be struck by X-rays, both with standard particle beam
steering and in the presence of large but physically
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United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
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otherwise does not necessarily constitute or imply its
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States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
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logic and GTO gate drive circuitry. A high-frequency
switching transformer couples the two sections providing
the energy transfer and the necessary high voltage
isolation.

2.1 DC~C Converter

The fly-back type DC/DC converter uses a current mode
pulse-width modulation (PWM) controller chip, UC2844,
with a power MOSFET, IRH540, driving a custom-wound
high-frequency and high-voltage isolation (15 kV)
transformer. The PWM controller operates at a nominaI
frequency of 90 kHz. The converter is designed for a 1-A
maximum switching current at 50% duty cycle, resulting
in a power transfer from the low-voltage section to the
high-voltage section of approximately 13 watts
maximum. A set of voltage and current switching
waveforms is shown in F@ure 2.
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the type of ferrite core are the need for a large window to
accommodate the windings, which are relatively large due
to the high-voltage insulation, and low core losses.

2.2 Gate Circuit

The drive circuit is based on power MOSFETS connected
in an H-bridge configuration. Figure 1 shows the basic
bridge circuits with the RC networks that shape and
deliver current to the GTO gate. R], R2, Cl, and C2 are
for turn on, while R3, R4, C3 and C4 are for turn off.

During turn on, for a given supply voltage, R2, C2, the
MOSFET bridge on-state resistance, GTO gate resistance,
and the stray inductance (which cannot be ignored in this
case because of the speed of the puise) determine the
amplitude and duration of the fast component of the
current pulse to the GTO gate. The level of the bridge
output current after the leading edge portion is mainly
determined by resistors Ri and R2. The bridge on-state
resistance and the GTO gate resistance are very smatl
compared to the sum of Rl and R2 and, therefore, have
little effect on the current level after the initial pulse. The
relatively large time constant of RICI compared to R2C2
guarantees that the bridge output current remains
essentially constant for the duration of the pulse after the
initiai high current component dies out.

The requirement for initial GTO device turn-off is
sigihr to the one for turn-on. A large negative short-
duration current pulse is produced by the turn-off
network, R3, C3, R4, and C4, to quickly remove the
stored charge in the gate structure of the device. The
amplitude of this pulse can be much higher than that
required for turn-on, depending on how much current the

Figure 2: Converter switching voltage and current

Input power to the converter is 48 VDC. The switching
transformer has one input winding of ten turns and three
output windings of seventeen turns, four turns, and two
turns, respectively, all made from #22, 15-kVDC wire.
The input winding conducts a ramping current of up to
one ampere when the MOSFET turns on. The stored
energy in the primary winding is then transferred to the
output windings when the MOSFET turns off.

The two-turn output provides a feedback signal to the
PWM controller for voltage regulation. A resistor divider
reduces the feedback signal before sending it to the
voltage feedback input pin of the PWM controller, A
variable resistor in the divider is used to adjust the level
of the feedback voltage and, in turn, to set the output
voltage. The four-turn output is rectified and regulated to
supply 15-V power to the logic circuit and the MOSFET
drive in the high-vohage section. The seventeen-turn
output feeds two rectifiers to charge two dual RC circuits
to 75 volts.

Taking advantage of the insulation property of ferrite,
the switching transformer uses a ferrite toroid, P44914-
TC from Magnetics, as the core. The criteria for choosing

GTO is forced to turn off. Wh;le a substantial amount of
current is required to maintain the low on-state resistance
of the device, a negative gate voltage of only a few volts
is needed to keep it off after the stored gate charge is
removed by the initial current pulse. In this case R3 is
much greater than R]. The turn-off process continues
tier the initial pulse terminates. Although the device
recovers its reverse blocking capability shortly after this
negative current pulse, its forward blocking capability
returns much more slowly. This recovery lasts many
microseconds after the initial negative pulse.

Both the rise time and the amplitude of the gate current
are affected by the stray inductance in the circuit. To
achieve a fast gate current pulse, the stray inductance has
to be minimized. For this reason, low inductance
components are used, short and wide traces are employed
on the PC board, and the connection between the gate
drive board and the GTO is kept at the minimum length.

Two MOSFETS are connected in parallel to form each
switch section of the H-bridge because of the high speed
and current demand of the GTO gate. Since the resistance
in the RC circuit for the initial fast puIse is only a fraction
of an ohm, the MOSFETS need to have a low on-state
resistance in order not to affect the ampiitude of the gate
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current. Power MOSFET 1RF54tJF.J from International
Rectitier was chosen for its very low on-state resistance,
0.052f2, and large drain current rating, 27A.

2.3 Operation

Its the normal off state of the H-bridge, Ql, Q3 and Q4
are off while Q2 is on. Q2 provides a return path for a
bias circuit (not shown in Figure 1) to provide a negative
bias of about -3V to the GTO gate. At the leading edge of
the input trigger signal, Q2 shuts off while Ql and Q4 are
driven on and held on for the duration of the trigger
signal.

The width of the on pulse is controlled by the trigger
signaL Since several GTOS are connected in series and
GTOS have different turn-on and turn-off speeds, the
leading edge and the trailing edge of each trigger signal
are independently controlled in order to turn on or turn
off all the GTOS at the same time.

At the termination of the trigger pulse, the GTO turn-
off process is started. Q1 and Q4 are turned off while Q2
and Q3 are turned on. The energy in the turn-off network
is discharged into the GTO gate. IdeaIly Q3 is turned on
only for a duration sufilcient to remove the stored gate
charge in the GTO. This occurrence is evidenced by the
gate voltage going negative and staying negative. Any
extra drive is clamped by the zener action of the gate-
cathode diode of the GTO device. An RC circuit in the
logic controls the on duration of Q3. It provides easy
adjustment for the length of the turn-off pulse. As
mentioned earlier, the recovery time for the GTO forward
voltage blocking capability is attained many
microseconds after the gate voltage goes negative.
Therefore Q2 is held on to maintain a negative gate bias
until the next trigger signal arrives. Figure 3 shows a gate
current pulse generated by the drive.
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Figure 3: GTO gate current pulse

The trigger signal is transmitted to the card by fiber
optics. It provides needed isolation between the high-
voltage section and the low-voltage section. An HP
HFBR2521 fiber receiver, rated for 5 Mbits/s at 19
meters, is used. Its internal logic operates at 5 volts while
its open-collector output is rated for 18 volts. This enables
CMOS integrated circuits (ICS) to be used in the logic
circuit, thus providing more tolerance for noise produced
by switching actions of the power MOSFETS and the
GTOS.

Two high voltage half-bridge driver ICS, HIP2500
Harris, are used to drive the power MOSFET H-bridg;.
The HIP2500 has current outputs suitable for driving the
gates of power MOSFET devices. Its high-voltage section
output is also capable of floating up to 500 vohs above its
ground; thus, it meets the requirements for driving the top
switches of an H-bridge configuration.

2.4 Advantages and Disadvantages

A direct gate drive has several advantages compared with
conventional single primary and multiple secondary
pulsed-transformer-based gate drives. It has very low
inductance and, therefore, can supply very fast gate pulses
to the GTO gate. It can produce long constant gate current
if the GTOS are required to stay on for a long period of
time. It also permits adjustment of the turn-on and tum-
ofl timing of each GTO independently to compensate for
variations in a GTO’S switchhg speed. The high-
frequency switching and high-voltage isolation
transformer has a very simple structure and can be
constructed easily. Since each GTO/gate drive pair is
completely independen~ any number of the GTOS can be
used in series to accommodate the requirement of the
high voltage.

The disadvantage of the direct gate drive is that if one
of the drives fails to send the turn-on gate pulse to its
GTO, the GTO will be damaged by an over voltage. when
other GTOS are turned on. A domino effect may follow in
which all the GTOS are destroyed. Similarly, if one drive
fails to send the turn-off gate pulse, other GTOS may be
damaged by excessive voltage in the reverse direction. To
improve the reliability of the GTO switch operation,
certain voltage redundancy needs to be considered when
deciding the number of GTOS to be used in series. Some
interlock mechanism may need to be devised to link alI of
the gate drives together. If a malfunction is detected in
one drive, the trigger signals must be stopped for all the
drives.

3 CONCLUSION
Seven direct gate drive cards have been built to drive a
GTO switch of seven GTOS connected in series. Wxth
these cards, the GTO switch has successfully switched a
half-sine current pulse of 6000 amperes with a base width
of 12 microseconds. Further study will be done on
improving the reliability of the drive and finding a
suitable interlock mechanism.
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