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Accelerator Facility

First year operation with top-up mode

To attain the ultimate objective of a third-generation light
source for user operation, in the past two years we have under-
taken steps to achieve the top-up injection mode at TLS. The TLS
currently operates 100 % in a top-up mode available to users at a
stored current of 302 mA. The injection interval was set to 60
seconds due to a short beam lifetime (about 250 minutes) of the
stored current throughout users' shifts. The variation of intensity
of the stored current is thus maintained within ±0.2%. The light
source up-time for user operation is greater than 97% on all
shifts. That is the same performance as that reached from the
operation in the decay mode before. However, the average
photon current measured in one diagnostic beam line, indicated
in Figure 1, is more than doubled compared with that in the
decay mode.

TLS is one of three synchrotron facilities in the world that
operate 100 % in the top-up mode during user shifts. Thus, it
opens additional opportunities for improving operation condi-
tions: for instance, decreased emittance, a smaller gap for an in-
sertion device, and an increased bunch current without the need
for concern about the impact of beam lifetime.

To ensure radiation safety prior to switching to top-up oper-
ation, we have conducted a series of analyses with respect to
radiation safety, including calculations and measurements. Addi-
tional interlock logic has been integrated into the existing inter-
lock system to prevent dipole failure, injection difficulty and
excessive radiation exposure.

Fig. 1:  The increase of average photon current
in the top-up mode as compared to the decay-
mode operation before 2006.



Six accumulation-type dos meters were placed near
the shielding wall at the straight sections, which tend to
be the hot spots around the ring. The interlock system
becomes activated when the accumulated dose exceeds
the threshold value, 4μSv within 4 hours. Figure 2 shows
the accumulated dosage of these six dose-meters around
the ring and the threshold setting of the protection inter-
lock. The measurements show results of one order of
magnitude smaller than the threshold line. All surveil-
lance results and TLD readings of the staff and users in
NSRRC demonstrate the radiation safety measures proved
to be effective, and the radiological impact on personnel
and the environment due to top-up operation is minimal.

Operation of the SRF module

The 500-MHz superconducting rf (SRF) module, based
on the Cornell design, was installed and successfully com-
missioned at the end of 2004. Operation of SRF module
followed when the annual maintenance was completed in
2005 February. From that point we have progressed
toward an era of a Superconductive RF Cavity. Imple-
mentation of the SRF cavity has improved the operating
efficiency of the accelerator by a huge margin. During
2006, the machine has been routinely operated at a beam
current of 300 mA in the top-up mode, instead of 200 mA
in the decay mode previously. The original objective of
using a 500-MHz SRF module to double the intensity of
the synchrotron light was attained.

The RF system is operated under a heavy operation
with a beam loading factor 4.2 at 300 mA. This condition
effects the stability of the feedback loops of the low-level
RF system which becomes highly sensitive to the
variation of the machine operating conditions. We made
intensive efforts to improve the diagnostics of a SRF trip
event and tried to understand the reason behind every

single SRF trip. In 2006, the average RF trip rate due to a
RF fault during the user beam shifts is once per week, as
shown in Fig. 3. Although such performance is considered
well above standard, our goal is to achieve one trip per
month on average.

Installation of a FPGA-based digital feedback system

During the past decade, TLS has suffered from severe
longitudinal instability. Two conventional RF cavities were
mainly responsible for these HOM instabilities. A second
tuner was introduced to adjust the HOM frequency to
decrease the strength of the instability. RF-gap voltage
modulation was adopted to eliminate the remaining
instability at the cost of an increased energy spread. Fol-
lowing the SRF upgrade, some residual longitudinal mode
remained, possibly  because of the residual impedance of
the beam ducts or other unknown factors. The longitudi-
nal feedback system is installed to suppress the remain-
ing instability.

An FPGA-based longitudinal bunch-by-bunch feed-
back system for TLS has been successfully commissioned
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Fig. 3:  Mean time between failures of the complete RF plant
with a SRF module as an accelerating cavity since 2005

Fig. 2:  Accumulated radiation dosage every
four hours during one typical week of operation.
The accumulated dosage is an order of mag-
nitude less than the threshold line at 4μSv/4hrs.



at the beginning of 2006 and routinely operated to sup-
press strong longitudinal oscillation. Its performance is
demonstrated in Fig. 4. The system consists of a signal
pickup device, a bunch oscillation detector and an FPGA-
based feedback processor modified from the design of
SPring-8. A modulator converts the correction signal to
the carrier frequency and the longitudinal kicker, which
was re-designed from that of SLS to operate at 1374 MHz.
The feedback processor is based on the latest-generation
FPGA feedback processor for processing bunch signals.
The system memory captures up to 250 ms of the bunch
oscillation signal. The information is stored for system
diagnosis and for various studies of beam physics.

Commission of the first in-achromatic superconduct-
ing wiggler (IASW)

In 2006 January, an in-achromatic superconducting
wiggler (IASW) with 16 poles, a 6.1-cm period and field
strength of 3.1 T was constructed in-house and installed
between the first and second bending magnets of the
sixth TBA arc section. Two more IASW are undergoing
construction to be completed in 2007 and will be in-
stalled in the second and fourth arc sections in 2008. NbTi
superconducting wire of diameter 0.64 mm was selected
for the coil construction. The coils were assembled with
the iron return yoke in an aluminum mold. The supercon-
ducting coils and aluminum molds were impregnated
together with epoxy. To enhance the magnetic field
strength, a clearance of 1.1 mm was retained between the
pole and the coil with plastic material to decrease the
maximum field on the coil. A clearance of 0.8 mm was left
between the 4.2-K vessel and the 77-K beam duct for
thermal shielding. A UHV aluminum extrusion of vacuum
beam duct with inside aperture 11mm x 98 mm was
adopted to achieve excellent thermal and electric con-
ductivity. The magnet gap is thereby maintained at 19
mm. Figure 5 shows a cross-sectional view of the 960-mm
cryostat .

A control system is constructed to coordinate the
operation of the main power supply and the trim power
supplies to charge or to discharge the magnet, and to
provide the essential interlock protection functions of the
coils. The local controller of the superconducting wiggler
is a VME crate-based system. The VME host is a PowerPC
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Fig. 4:  Machine performance, without (a) and with (b) longitudi-
nal feedback system

Fig. 5:  shows a cross-sectional view of the 960-mm cryostat with current lead, gas return, liquid He, liquid nitrogen, and the 300-K vessel.



CPU module running LynxOS real-time operating system.
The crate is equipped with analog input/output and
digital input/output modules. Standard RS-232 interfaces
are also supported to communicate with various
cryogenic instruments and the main power supply. One
main power supply with output 350 A and 10 V is con-
nected in series with all thirty-two coils to generate the
nominal peak field. Hence, one pair of vapor-cooled leads,
through which a current of 350 A is passing, is connected
between the superconducting wire at 4.2 K and the nor-
mal copper current leads at room temperature. To protect
from damage the 4.2-K NbTi wire that was connected to
the current lead, an extra-high-ratio Cu/Sc Nb3Sn wire was
connected between the NbTi wire and the current lead.
Four pairs of back-to-back R620 cold diodes with 5-mΩ
stainless steel resistors were installed. Each pair of back-
to-back diode arrays is connected across the eight coils to
form the hardware quench- protection circuit; this circuit
is active when the voltage across any coil exceeds 4 V.

Any quenching of the magnets is monitored by com-
paring the differential voltage between the two protec-
tion circuits. Moreover, when the cross voltage at the two
terminals of the vapor-cooled current leads exceeds 0.1 V,
a signal of warming is sent to the control system and it
will turn off the power supply.

When the magnet is cooled and in normal operation,
the PID controllers are used to control and fill LN2 to the
level at 75%. An on-off control operating mode is used to
maintain the LHe level at (85±10)%. A nominal field
strength of 3.1 T was obtained at an excitation current of
264 A after 87 times training (the design current was 266
A). We charged the magnet up to 290 A which is 10%
greater than the nominal current. The distribution of the
magnetic field was measured. The first and second inte-
grals of the measured field are quite consistent with the
design values. The trim power supply is therefore not

used during normal operation. On the course of
commissioning, the top-up injection mode operating
with 300 mA was tested successfully when the magnet
was excited to a nominal current 265 A. The maximum
variation of the beam orbit caused by the IASW magnet
was minimal. No beam loss was observed during the field
ramping, operation or quenches. The electron beam size
was observed to be larger due to the increased emittance.

Energy saving program at TLS

To cope with increased energy demand in the past
few years due to some major projects conducted at TLS,
such as setup of the cryogenics and superconducting rf
systems and the top-up mode operation, we launched an
energy-saving program in 2006. We implemented some
schemes of energy saving including optimization of
chiller operation, AHU scheduled control, installation of
AHU frequency converters, and improvements of temper-
ature and humidity control of power factor and of light-
ing equipment. 

Among those schemes, the optimization of the chiller
operation costs least but has the greatest return. Table 1
shows the cost and power bill saving of each energy-
saving scheme. The energy-saving program results in
saving about average 420 MW-h per month (~720 k NT
dollars of power bill) during the study period, i.e., Aug. to
Dec. 2006. This saved power is about 13% of the total
power consumed in TLS.

Overview of machine operation

The machine operation of the Taiwan Light Source in
2006 was quite successful. Figure 6 shows the statistics of
major operational merits of the TLS. We provided more
than 7000 h of scheduled machine time annually, with an
availability up to 97.5% to our users. In the first year of
routine operation in the top-up mode, the mean time
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Tab. 1:  Cost and power bill saving of each energy-saving scheme



between failures, decreased to 53 h. Through an improve-
ment of the rapid diagnostic system for a beam abort, we
are now able to identify the first beam trip event due to
misfiring of the kicker pulse. Trouble from unexpectedly
early aging of thyratron tubes used in the injection kicker
of the storage ring was identified. 
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Fig. 6:  Operational statistics of scheduled user time,
availability, and mean time between failure of acceler-
ator of TLS since 2002.
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