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Abstract

A newly designed pulse-by-pulse X-ray beam position
2 monitor (XBPM), which is photoemission type, has been
E demonstrated successfully in the SPring-8 synchrotron
E radiation beamline. Conventional XBPMs work in the
2 direct current (DC) mode, because it is difficult to meas-
o ure a beam position in the pulse mode under the severe
£ heat load condition. The key point of the design is aiming
5 at improving heat-resistance property without degradation
§ of high frequency property. This monitor is equipped with
§ microstripline structure for signal transmission line to
‘s achieve pulse-by-pulse beam position signal. A photo-
£ cathode is titanium electrode that is sputtered on a dia-
€ mond heat sink to achieve high heat resistance. We have
2 manufactured the prototype, and demonstrated feasibility
« at the SPring-8 bending magnet beamline. As a result, we
£ observed a unipolar single pulse with the pulse length of
-2 less than 1 ns FWHM and confirmed that it has pulse-by-
& pules position sensitivity. Furthermore, this monitor can
= be also used in the DC mode with good stability and good
E resolution. The operational experience will be also pre-
sented.
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INTRODUCTION

Development of a pulse-by-pulse X-ray beam position
— monitor (XBPM) aiming at measuring every isolated
N pulses for insertion devise (ID) beamline of the synchro-
* tron radiation facility SPring-8 is being advanced. Con-
%Vﬁ:ntional XBPMs used widely are photoemission type,
2 and blade-shaped tungsten is usually employed as a detec-
S tor head to raise heat-resistance [1]. However, it is impos-
> sible to measure the beam position of every isolated puls-
8 es with the conventional XBPMs, because of long time
U constant of the current signal and ringing due to stray
H capacuance and impedance mismatch. Therefore, we tried
O to settle this problem by adopting polycrystalline diamond
E as a heat sink to improve the heat resistance, and down-
*E sized detector heads to reduce the stray capacitance [2]. In
u addition, the microstripline structure [3-6] is adopted in
3 S the vacuum chamber of the monitor to prevent attenuation
= and reflection of the unipolar single pulse.

8). Any distribu

©20

DESIGN AND MANUFCTURE

The pulse-by-pulse XBPM that we have been develop-
= ing is photoemission type in the same way as the conven-
o tional XBPMs, and having four blade-shaped diamond
« heat sinks with titanium plated electrodes (detector heads)

may be used un
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in top/bottom and right/left near the beam axes to measure
the beam position in horizontal and vertical directions.
The detector heads are inclined by 1/20 against the beam
axis to be irradiated mainly on the unilateral side of the
blade. As a result, photoemission can be controlled effi-
ciently with the applied voltage of the charge collecting
electrodes (collectors).

Figure 1 (a) shows a photograph of diamond heatsinks
mounted on the water-cooling base. According to the
thermal finite element analysis [7, 8], the thermal contact
conductance between the heat sink and the cooling holder
needs to be >10* W/(m?-K). Therefore, indium foils of the
50um thickness are inserted between them to improve the
thermal contact conductance. Figure 1 (b) shows a photo-
graph of a signal transmission line with microstripline
structure, which is mounted on an ICF70 flange. Accord-
ing to the high frequency properties test, the time domain
reflectometry using the pilot model of the detector head
has been performed in advance. It was confirmed that the
unipolar single pulse of sub-nanosecond can be obtained
[7, 8].

Figure 2 shows a 3D image of the combination of the
detector head (Fig. 1 (a)) and the microstripline structure
(Fig. 1 (b)). The structure of the pulse-by-pulse XBPM is
shown in Fig. 3. The shading mask is mounted directly on
the upstream side of the 6-way cross-chamber to prevent
the cooling base from irradiation. By arranging a pair of
collectors on both sides of left and right of the detector
heads, photoelectron emitted from the detector heads can
be attracted or retarded according to the polarity of the
collector. In the direct current (DC) mode operation, in
the same way as the conventional XBPM, current signal
can be stabilized by applying the voltage, which is usually
+100 V. In the pulse-mode operation, the negative voltage
is applied to retard the emission of low energy photoelec-
tron that distort the pulse waveform.
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Figure 1: (a) Photograph of diamond heatsinks (20 mm x
8 mm x 0.3 mm). (b) Photograph of signal transmission
lines with microstripline structure.
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This monitor was installed in the SPring-8 bending
magnet beamline BLO2B1 frontend and performance tests
have been carried out [9]. Among four signal cables, HU-
BER-+SUHNER, SucoFeed 1/2", which has small attenua-
tion, is used for one of the cables (UL, upper-left) to ob-
serve a pulse waveform. As for the three remaining ca-
bles, HUBER+SUHNER, S-04272B is used because the
DC mode measurement is mainly performed.
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Figure 2: Combination of detector heads
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Figure 3: Structure of a monitor chamber.

PERFORMANCE IN PULSE-MODE

Observation of the Pulse Waveform

Figure 4 shows the typical pulse waveform of the cur-
rent signal of this monitor. The filling pattern of the sto-
rage ring was "1/7 filling + 5 bunches" mode, and the
isolated unipolar single pulse is observed. Oscilloscope is
used for pulse waveform observation under the conditions
of 4 GHz B. W,, 20 GS/s, 100-time average. The pulse
length with a full width at half maximum (FWHM) of 0.8
ns was obtained. As shown in Fig. 5, the various pulse
waveforms were observed by changing the voltage of the
collectors. The pulse waveform (height, length) greatly
depends on polarity and height of the voltage. It can be
seen that lowering the applied voltage decreases the pulse
height and width. However, as the negative voltage is
increased, the double peak at the top of the pulse wave-
form becomes obvious. The reason for this phenomenon
cannot be explained by the resonance of the high frequen-
cy component in the vacuum vessel, because it would
decays over time if it is a resonance. For the same reason
it is not a reflection between the blade tip and the end of
the microstripline structure. We can understand the cause
of the double peak in the following way. The first peak is
caused by photoelectrons reaching the collector with high
energy enough not to be affected by the voltage of the
collector. In addittion, the second peak occurs because
low-energy photoelectrons reach the collector with a little
delay while being decelerated by the negative voltage of
the collector.
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FWHM = 0.8 ns
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Figure 4: Pulse waveform of current signal.
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Figure 6: Applied voltage dependence of current signal.

Figure 6 shows the current signal with respect to the
applied voltage of the collector using this monitor in the
DC mode same as the conventional monitor. The current
signal of each blade is greatly changed, especially around
0 V of the collector, and the retarding effect is obvious on
the negative side. The reason for this is that the blades of
this monitor have a slight inclination from parallel to the
beam axis and only one side of the outside of the blades
are irradiated so that the effective electric field is high. As
a result, it is possible to suppress emission of slow elec-
trons of several tens of volts, and to suppress increase in
pulse length. When the voltage of the collector is +40 V
or more, the current signal keeps a constant value. This is
consistent with the phenomenon, as shown in Fig. 5, that
the integrated current value becomes constant (the tail
gets shorter while the pulse height gets higher), when the
applied voltage is +40 V or more.
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& Proportionarity of the Pulse Height

E In order to evaluate the response (linearity) of the pulse

@ = height to the incident X-ray, the pulse height of the pulse
r-htram part of the filling pattern "1/7 filling + 5 bunches" is
5 compared with the bunch current of the storage ring, as
3 shown in Fig. 7. The bunch current in the vertical axis
5 (right) is scaled to match the pulse height of the leadoff
B © pulse (Fig. 7 (a)). It can be seen that the pulse height is
= proport10na1 to the bunch current of the storage ring.
-~ However, the second and subsequent pulses are about
10% higher than the bunch current. The reason for this is
5 that pulses are piled up on the tail of the preceding pulses
even in the middle part of the train, just as the tail is seen
in the last pulse of the pulse train (Fig. 7 (b)).
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Generation of Position Sensitive Signal

In order to convert current signals to position infor-
mation, it is necessary to quantify the charge of each
/@ pulse. We confirmed that it is possible to generate directly
S the position sensitive signal by combing the raw current
£ signal of the pulse rather than individually quantizing the
% raw current signals. Figure 8 shows the setup of genera-
g tion of position sensitive signal. The UR (Upper-Right)
8 signal is split into two by a divider, one is connected to
£ the oscilloscope and the other is reversed in phase at the
ks short end of the tip of the stub cable. The LR (Lower-
£ Right) signal is kept at the same phase by setting the tip
3 of the stub cable to the open end. A “difference” signal is
5 generated by combining the inverted UR signal and the
2 strait LR signal. Figure 9 shows the experimental results.
g S The preceding pulse is a "sum" signal in which each of
+ the UR signal and the LR signal is combined via the
shortest path. The pulse after about 8.6 ns is the "differ-
ence" signal combined after being reflected at the tip of
each stub cable. The charge of the pulse of the "sum"
signal is constant even when the monitor is scanned by
0.1 mm step in the vertical direction. On the other hand,
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the pulse height of the "difference" signal responds sensi-
tively to the beam position.
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Figure 8: Setup of generation of position sensitive signal.
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Figure 9: Observed position sensitive signals.

PERFORMANCE IN DC MODE

Position Sensitivity and Resolution

Although this monitor is optimized for pulse mode
measurement, it can be used in the same way as conven-
tional XBPMs. To evaluate the position sensitivity of this
monitor, vertical scan measurements were performed.
Figure 10 shows the results of the scan measurement in
steps of 0.2 mm. A value of 1.25 was obtained as the
correction coefficient Ay. In addition, it can be seen that
the linearity is maintained over a wide range of the verti-
cal scanning range (vertical position = + 0.5 mm). Figure
11 shows the results of scan measurement in steps of 1
pm at 1 minute interval to evaluate the resolution. Each
data was acquired with samplings every 6 seconds using
an ADC with a time constant of about 1 s. From this re-
sult, the resolution of 0.12 pm RMS was obtained.
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Figure 10: Scan measurement in 0.2 mm step.
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Figure 11: Scan measurement in 1 pm step.

Proportionarity of Current Signal

As shown in Fig. 12 (a), the sum signal of the four
blades is proportional to the ring current of the storage
ring. The result of calculation of "difference/sum" of the
four blades is shown in Fig. 12 (b). For the vertical direc-
tion (y), as the ring current increases, the displacement of
about 4 pum is observed significantly. On the other hand,
no movement in the horizontal direction (x) has been
observed because the radiation from the bending magnet
beamline spreads in the horizontal direction. This indi-
cates that this monitor operates normally even in the DC
mode when the ring current is 10 mA or more.
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Figure 12: Proportionarity in DC mode. (a) Blade sum
signal vs ring current. (b) Difference/Sum vs ring current.

Long-term Stability

This monitor can be regarded as having a pair of left
and right XBPMs for vertical measurement of the same
type equipped with two upper and lower blades. In prin-
ciple, the calculated vertical positions should have the
same behaviour in both the left and right XBPMs. Figure
13 shows a trend graph over two months of the vertical
position from the left and right XBPMs and the difference
of them. Each data was acquired with samplings every 6
seconds using an ADC with a time constant of about 1 s.
The value of the difference drifted by about 0.2 um after
short shut down of several days. In addition, the differ-
ence over the whole period of 0.14 pm RMS was ob-
served, which corresponds to the resolution of the XBPM.
The stability is demonstrated to be very good for two
months.
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Figure 13: Stability in three months.

CONCLUSION

The pulse-by-pulse XBPM has been newly designed
and manufactured, and performance tests were carried out
at the SPring-8 bending magnet beamline BL02B1 front
end. A unipolar single pulse of 0.8 ns FWHM was ob-
tained. We qualitatively understood the cause of the dou-
ble peak of the pulse. The pulse height is proportional to
the bunch current of the storage ring and the pulse wave-
form can be controlled by adjusting the voltage of the
collector. We demonstrated that the position sensitive
signal can be generated directly by combining reflected
pulses at the open end and the short end of the stub ca-
bles. In the DC mode operation, the correction coefficient
Ay of 1.25 was calculated from the vertical scan meas-
urements and the resolution of 0.12 um RMS was ob-
tained. In addition, good long-term stability was con-
firmed.

0.14 um rms
1
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