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Several major upgrades are integrated into routine operation in
Taiwan Light Source (TLS). Top-up injection mode was achieved
after series upgraded of injector, transfer line and injection compo-
nents. The operation current of Top-up injection reached 300 mA
during users shift. The commissioning of the first and second Super-
conducting RF cavities (SRF) was very smooth and exceeded the
specification in several measures. The first In-Archromat-Supercon-
ducting-Wiggler (IASW) was installed and commissioned success-
fully. The associated beamlines will be commissioned in the second
half-year of 2006.

Top-up injection

To reach the ultimate goal of third generation light source, TLS pre-
pared all the necessary steps to provide top-up operation to the users.
To improve the thermal relaxing problem of dipole magnets and cure
the orbit drift during the energy ramping era at TLS, the injector was
upgraded to have the capability of full energy injection to the storage
ring. This provided an essential tool to evaluate the feasibility of top-up
injection at TLS.

The top-up mode provides the best solution to the thermal variation
of beamlines’ optical components and locks the launching condition of
the synchrotron light to endstations. This greatly benefits those super-
conducting wiggler X-ray beamlines which have large thermal load on
the optical components and take relatively long time to reach thermal
equilibrium. In addition, these beamlines generally have high demands
on the photon energy stability after the monochromator, and top-up
mode offers the best solution to the short beam lifetime of a storage
ring. Top-up injection also opens new opportunities in probing better
operation conditions, for example, the lower emittance, the lower gap of
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Fig. 1:  The stored beam current of the top-
up injection during the users shifts.



insertion device, and the increase
of bunch current without the
need to worry the impact of beam
lifetime.

Operation status of top-up mode

Two modes, fixed current bin
and fixed time interval, of top-up
injection were evaluated. Both in-
jection modes were programmed
and function tested in accelerator development shift
successfully. In considering the user’s data acquisi-
tion system, the top-up injection was chosen to oper-
ate in fixed time interval. Figure 1 shows the stored
beam current in user’s shifts with top-up injection
mode. The maximum stored current sets to 302 mA.
The zoom-in to one-hour period of stored beam cur-
rent is shown on top of Fig. 1. The intensity variation
of the stored current can be maintained within
±0.25%. During users’ shifts, the time interval be-
tween injection was set to 60 seconds due to low
lifetime, around 250 minutes, of stored current.

One of the key factors that affect the beam life-
time is the bunch distribution pattern or filling pat-
tern in a storage ring. The injection control is pro-
grammed, such that the filling pattern is well repro-
duced. The lifetime kept eventually constant during
the top-up injection with minimum gap setting of
insertion devices during accelerator development
shifts. The residual fluctuation of the beam lifetime
was contributed to uncorrected dynamics effect
from the gap variation of insertion devices during
the users’ shift. From particles tracking simulation, it
is understood that the transverse acceptance and
time jitter of injection components are the key fac-
tors that affect the injection efficiency and filling
pattern. A double trigger scheme was implemented
to kicker power supplies to reduce the waveform
jitters by a factor of 10. To increase the transverse
acceptance of the ring and have acceptable injection
efficiency, the chromaticity is corrected to slight posi-
tive. Further help from the digital transverse feed-
back system, the transverse instability can be sup-

pressed to the most minuscule range without scarify-
ing the transverse acceptance and injection effi-
ciency.

A pinhole detector, measuring the beam-intensi-
ty, is setup at BL11 beam line giving an indication of
the photon stability. Figure 2 shows the photon sta-
bility during users shift with the top-up injection. The
photon stability can be maintained to be better than
0.1% in most of top-up injection shifts.

To maintain the injection efficiency, a mismatched
injection bump is employed. The mismatch of injec-
tion bump and field leakage from the septum gene-
rate betatron oscillation during injection. The mea-
sured betatron oscillation will be damped within 
2 ms due to synchrotron radiation. Hence, gating sig-
nals, which synchronize with booster injection, are
sent to all beamline stations. Figure 3 indicates the
injection interval from booster, start-stop gating for
software application, and signal of real time gating
synchronized with injection. Normally, the booster
deliver 7-8 pulses, or within 0.7~0.8 second, to fill the
ring to the target 302 mA current.
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Fig. 2:  The beam stability measured at
BL11 through a 50 um pinhole.

Fig. 3:  Schematic of injection pulses and gating signal sent
to beamlines stations



Safety analysis and protection for top-up operation

NSRRC safety committee approved the operation
schedule and safety plan proposed by the top-up
project team officially on October 6, 2005. TLS oper-
ated in top-up mode during user shifts and became
the fourth synchrotron facility running in this mode
in the world one week later. In top-up mode, beam-
lines shutters are open and photons are delivered to
users continuously. Due to frequent injections, keep-
ing at high stored current and especially opening
shutters during injections, the top-up operation will
increase the annual radiation dose comparing with
that of decay mode.

To ensure the radiation safety before switching
to top-up operation, a series of radiation safety
analyses including calculations and measurements
were performed. Based on the present shielding con-
figuration and operation schedule, the theoretical
estimation of maximal annual dose under rigorous
assumption is 1.47 mSv for 200 mA decay mode, 3.58
mSv for 200 mA top-up mode and 9.68 mSv for 400
mA top-up mode in experimental hall. Although they
are below the regulatory dose limit, 20 mSv/y, for
radiation worker in Taiwan, NSRRC has adopted a
much more stringent design limit (2 mSv/y) to com-
ply with the ALARA principle.

Accordingly, the enforced radiation reduction
plan includes upgrading the shielding of the injec-
tion section and some local hot spots, enlarging the
exclusion zones of beamlines from the straight sec-
tions, modifying the interlock system for top-up ope-
ration and most importantly improving the injection
efficiency. The plan has been implemented and vali-
dated to enforce radiation safety protection during
top-up operation. Additional interlock logic has been
integrated into the existing interlock system to pre-

vent dipole failure, injection difficulty as well as ex-
cessive radiation exposure. Figure 4 shows the reading
of accumulated radiation dose at straight sections,
which tend to be the hot spots around the ring. These
meters are reset to zero every 4 hours automatically.
The interlock system will be activated once the accu-
mulated dose exceeds the threshold value, 4 μSv
within 4 hours.

Through devoted effort from NSRRC staff, several
trips from radiation interlock at the end of 2005 have
been significantly reduced. Not even a single inter-
rupt of top-up operation has recorded due to exces-
sive radiation dose since the machine startup in
2006. All the surveillance results and the TLD read-
ings of the staff and users in NSRRC demonstrates
that the radiation safety measures have been effec-
tive and radiological impact to the personnel and envi-
ronment due to top-up operation is well below esti-
mation.

Cryogenic and Superconducting RF System

Superconducting RF system

The 500 MHz SRF module of CESR-III design was
installed and successful commissioned at the end of
2004. It started routine operation since February,
2005. The operational performance of the SRF mo-
dule is impressive during 2005. The machine operat-
ing mode was switched from decay mode to top-up
mode, and the beam current of routine operation
was increased from 200 mA to 300 mA. The RF sys-
tem is operated under heavy beam loading with the
loading factor of 4.2 at 300 mA. This results in feed-
back loops of low-level RF system unstable at every
change of the machine operational mode. The feed-
back loops of low-level RF system need to fine-tune
to minimize the SRF trip due to potential unstable of

feedback loop. The average trip rate,
due to RF system fault, is once per
week in the user beam shifts during
2005. It is a remarkable record during
the first year of SRF operation in accele-
rator community. The ambition of RF
system reliability is less than one trip
per month in average to fulfill the strin-
gent requirement of TPS project.
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Fig. 4:  The accumulated dose measured at
the straight sections during normal user shifts
in top-up mode and the threshold dosage, set
for 4jSv/4hr., to trigger the interlock system.



The SRF module is powered by the in-house as-
sembled 100kW RF transmitter. A 100 kW klystron,
co-developed with manufacturer from standard 60
kW model, was installed in the RF transmitter. Theo-
retical estimation shows that there is sufficient RF
power for storage ring operated at 400 mA of stored
beam current. A 400 mA decay mode was demon-
strated during an experiment of accelerator develop-
ment. The integrated RF system did not experience
any difficulty in operation with 400 mA.

The major R&D efforts of RF system are focused on
the build-up of FPGA-based low-level RF controller,
the development of in-house assembly capability of
the SRF module (a 3-year project from 2006), and the
conceptual design of 2K cryo-plant for passive Landau
cavity. In the meantime, the conceptual design of RF
system for the proposing 3 GeV light source, has been
conceived with emphasis on the impact of low
momentum compaction factor, heavy beam loading
on the performance and reliability of RF plant.

Cryogenic system

There are three Superconducting Insertion Devices
(SCIDs) and one superconducting RF cavity installed
in TLS. Two more SCIDs will be installed in the stor-
age ring. It is crucial to have very stable cryogenic oper-
ation parameters for the SRF cavity due to the very
high quality factor, Q, of the cavity. Small variation of
return pressure of cold He gas or liquid helium level
will induce frequency change of SRF cavity in the
cryo-module. It is not a desirable configuration of
sharing the cryogenic system between SRF and SCIDs.
The second cryogenic system is in installation phase
and dedicates to the SCIDs. Figure 5 indicates the
infrastructure of the installed cryogenic system in
experimental hall. The first cryogenic plant, MCP1,

will be dedicated liquid helium plant to the SRF cavi-
ty and the second plant, MCP2, will provide sufficient
cryogenic capacity for the SCIDs. Either MCP1 or
MCP2 can provide cooling capacity of 450 W at 4.5 K
and serve as the backup system to each other.

The commissioning of switch valve box and nitro-
gen-shielding liquid-helium transfer-line completed
in February 2005. The shielded transfer line is 100
meters long and situated above the tunnel of storage
ring to supply liquid helium to five SCIDs. The instal-
lation of MCP2 and the associate piping were fi-
nished in December 2005. The second sets of com-
pressor, the oil-removal module, and the frequency
driver are installed in a vibration isolated room and sit
in remote utility hall to suppress the vibration trans-
mission to the storage ring. Two extra helium buffer-
tanks of total volume of 200 m3 are located on a plat-
form at a height of 6 meter above the ground, as
shown in Fig. 6. The refrigerator and dewar are locat-
ed on a platform at height of 2.8 m in experimental
hall. A 2.5-inch discharge pipe and a return suction
pipe with diameter of 8-inch, each with length of 160
m, connect the main compressor and the refrigerator.
A 4-inch make-up pipe connects the buffer tanks and
the compressor station. The commission of MCP2
started in January and is expected to reach the speci-
fications in June 2006.

In-Archromat Superconducting Wiggler (IASW)

User community demands for high flux of hard 
X-ray source in the field of protein crystallography and
advance material research in recent years. A Super-
conducting (SC) wavelength shifter with 6-Tesla field
strength and a 3.2-Tesla SC wiggler were installed at
injection and RF sections respectively. The beamlines
were fully subscript associated with above SC insertion
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Fig. 5:  The platform supporting the infrastructure of two sets
cryogenic system in experimental hall.

Fig. 6:  The buffer tanks of gas helium and the tank of liquid
nitrogen in-between the utility building and storage ring.



devices. One of IASWs with period of 6.1 cm and a total
length of 96 cm was installed at section VI and two of
IASWs will be installed in-between the arc of dipole
magnets in symmetric position in the storage ring.

Field quality and Hardware configuration of IASW

A 16-pole, 6.1 cm period IASW with field strength
of 3.1 T was constructed in-house and installed be-
tween the first and second bending magnets of a
Triple-Bends-Archromat arc section. The design of
the IASW is similar to that of the SW6. However, the
design of the cold return helium gas is adopted as
one option of the IASW. An additional liquid nitrogen
reservoir is needed to keep the UHV beam duct at
100 K. The inner horizontal and vertical aperture of
the UHV beam duct is 100×11 mm to prevent the
synchrotron radiation from heating the beam duct.
Hence, the magnet gap is maintained at 19 mm to
accommodate the thickening of UHV beam duct.

The NbTi superconducting wire with a diameter
of 0.64 mm was selected as the coil construction. A
complete 16-pole magnet was completed and tested
in the vertical test dewar. A nominal field strength of
3.1 T was obtained at an excitation current of 264 A
after 87 times quinch training of the coil. We have
charged the magnet up to 290 A that has 1% higher
than the nominal current. After the magnet was
assembled with the cryostat, the IASW was cooled

down and the magnetic field measurement was per-
formed. The first and second integral field that is very
consistent with the results of the 16-pole magnet
measured in the vertical test dewar and the simulat-
ed field.

Figure 7 shows the photograph of IASW installed
in the arc region between the first and second bend-
ing magnet at section VI at the end of 2005. The
magnet has fourteen quenches to train SC wiring to
reach the nominal field strength of 3.1 T. In nominal
operation, the liquid helium consumption rate is
about 2.5 l/hr.

New vacuum chambers for the IASW

New chambers for the IASW was manufactured
and installed in the ring tunnel during the shutdown
period at the end of 2005. The new chambers in-
clude a new aluminum chambers for the down stream
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Fig. 7:  Photograph of IASW installed at section VI in the TLS
storage ring.

Fig. 8:  The photographs of the manufacturing processes for the bending chamber, (a) after NC machining, (b) assembly with
distributed ion pump, (c) TIG welding the aluminum beam duct for IASW in clean room, (d) leakage check after the TIG welding
in clean room, (e) chamber assembled with IASW after TIG welding.



bending magnet, a new short straight section, and a
beam duct built-in with the IASW magnet. Figures
8(a)-(e) illustrate the photos during the manufactur-
ing for the new bending chamber and the beam duct
for IASW. A new front end of IASW was manufactured
and installed as well to prepare for the installation of
associated beamlines.

Control system for the IASW

A control system for the first of IASW was setup
to incorporate with the operation of storage ring
recently. The control system coordinates the opera-
tion of the main power supply and the trim power

supplies to charge/discharge the magnet, and pro-
vides the essential interlock protection to the mag-
net. The local controller of IASW is a VME crate based
system. The VME host is a PowerPC CPU module
running real time LynxOS operating system. The
crate equips with analog input/output and digital
input/output modules. Standard RS-232 interface is
supported to communication with various cryogenic
instruments and main power supply. Online monitor-
ing the cryogenics, quench detector and interlocks
signal are also included. The interlock logic resided in
PLC is programmed to protect the IASW from quench.
The schematic layout of the control instrumentation
and interface between the control console and IASW
is shown in Fig. 9. Figure 10 shows the settings and
reading of interlock system to protect the IASW from
serious quench. Figure 9 and 10 give a friendly user
interface to support routine operation. Various appli-
cations have also been developed to facilitate the
operation of the IASW.

Commissioning of the IASW

The first IASW was commissioned very success-
fully in March, 2006. The peak field was charged to
3.13 Tesla with stored beam current of 100 mA dur-
ing the measurement. Tune shift as function of exci-
tation strength was measured and compared with
theoretical model. Good agreement between mea-
sured and predicted values is shown in Fig. 11.

The deviation of closed orbit distortion from zero
to maximum field (3.13 Tesla) is within acceptable
range. There was no beam loss even when the IASW
system tripped off. This indicates a very good field
quality control during the manufacturing process.
Figure 12 shows the excursion of closed-orbit-distor-
tion during the field excitation ranging from zero to
3.13 Tesla. Working tunes and the closed orbit distor-
tions can be well corrected. The corrected user lattice
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Fig. 9:  The schematic layout of control instrumentation and
interface between the control console and IASW.

Fig. 10:  Interlock setting and graphic user interface of IASW
control.

Fig. 11:  Betatron tune shift in horizontal and vertical direc-
tion as function of excited magnetic field.



of storage ring can successfully incorporate with the
routine top-up injection mode without disturbing
injection efficiency and beam stability. However, 
the IASW is installed in the dispersive region, which
results in an increase of the beam emittance. From the
synchrotron light monitor, the beam size information
confirmed the prediction of the emittance growth.

Beam Diagnostic Instrumentation and Utility 
System

Digital BPM-based Tune monitor

Online tune measurement using digital Beam Posi-
tion Monitor (BPM) was implemented recently. There
are three potential application modes for tune mea-
surement system which includes top-up mode, spon-
taneous excitation without transverse feedback, and
continuous excitation. The turn-by-turn information
from the digital BPM, after Fourier analysis, gives pre-

cise results of the betatron tunes of storage ring. The
crossing of resonance line of the betatron tune will
induce beam instability and/or might cause beam
loss by some low-order resonance line in the tune dia-
gram. The online tune monitor system will be very
helpful to identify occasional beam-loss or beam insta-
bility during the users shift.

Currently, the top-up operation mode operates
in a fixed injection interval scheme. The booster is
triggered to deliver full energy electrons to storage
ring every sixty seconds by very small amount of elec-
trons, say 2.5×109. The closed-orbit of stored beam
is perturbed by injection septum and the unbal-
anced injection kickers in storage ring. The trigger
signal of the turn-by-turn BPM synchronizes with the
injection signal. Hence, the betatron tunes can be
extracted from the turn-by-turn BPM every sixty
seconds. Figure 13 shows the extracted vertical tune
during top-up injection mode. From the graph we can
find that there is small variation in vertical tune, even
with a scheme of tune feed-forward correction, and
strongly depends on the gap setting of U9 undulator.

Transverse instability is excited as the stored cur-
rent exceeds the threshold current, several tens mA.
The turn-by-turn BPM can extract the betatron tunes
due to the spontaneous excitation without the trans-
verse feedback system. Figure 14 shows the vertical
tune shift induced by the charging of SW6 and mea-
sured by spontaneous excitation method during the
shift of accelerator test. It is a powerful tool to study
the dynamic behavior of transient perturbation to the
accelerator. The continuous excitation mode, triggered
by white noise with narrow bandwidth, provides an
effective tool for betatron tunes scanning when the
stored beam current lower than the threshold current
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Fig. 12:  The excursion of closed-orbit-distortion during the
excitation of IASW between zero and maximum field.

Fig. 13:  Variation of vertical tune during 15 hours period in
user’s shift. The residue tune shifts is contributed to the gap
variation of the U9 undulator which is the intrinsic behavior
of gap variation after tune compensation.

Fig. 14:  Vertical betatron tune as function charging current
of SW6. Vertical tune is measured on-the-fly with sponta-
neous excitation mode.



in the storage ring. Any of measurement modes can
provide very accurate tunes measurement and the
turn-by-turn information for dynamic analysis in the
experiment of accelerator physics.

Ambient temperature control of experimental hall

The variation of ambient temperature of experi-
mental hall was improved to ±0.1℃ during a day,
comparing to ±0.7℃ before increasing the cooling
capacity. The cooling capacity of the air handling
unit of the experimental hall in the storage ring was
increased by a factor of 2.5 in Dec. 2005. The typical
variation of air temperature in various locations of
experimental hall was recorded during a day as
shown in Fig. 15. Figures 15(a) and 15(b) show the air
temperature before and after the improvement,
respectively. The payoff of the improvement is obvi-
ous to keep the beamlines and end-stations in a very

good temperature controlled environment. The cool-
ing capacity of the water system was also increased
by installing a new cooling tower of 1400 ton and a
new chiller of 600 ton. The chilled water is supplied
for the de-ionized cooling water system and air con-
ditioning system.

Another noticeable achievement of utility sys-
tem of the TLS is the improvement of the power fac-
tor. The power factor is in the range of 96% during
the operation of TLS. The adjustment of the induc-
tors and capacitors ratio increases the power factor
from 96% to 99% during autumn in the 2005. This
energy saving upgrade can save annual operation
budget by more than 1.5 million NTD per year.

RF gun and TPS preinjector

Pre-Injectors with high brightness beam, espe-
cially RF guns, are critical sub-systems for new gene-
ration light sources. The superior performance and ele-
gant configuration of a thermionic RF gun system made
it an attractive option as a reliable pre-injector. In
cooperate with an alpha-magnet as low energy bunch
compressor, ultra-short electron beam pulses can be
generated from an RF gun with thermionic-cathode.
It can be used to generate intense and coherent
short wavelength radiations, for example production
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Fig. 15:  Recorded ambient temperature at various location in
experimental hall (a) before and (b) after the upgrade of air han-
dling unit.

Fig. 16:  A 3D assembly drawing of thermionic RF gun system

(a)

(b)



of femto-second electron and ultra-fast X-ray pulses
with tunable wavelength. Figure 16 shows the 3D
assembly drawing of a thermionic RF gun system.

The cathode assembly is installed at the end wall
of the half-cell of the gun cavity and this cell is coupled
to the full cell through a side-coupled cell. Klystron
power will be fed into the cavity at the side wall of
the full cell through an iris. Figure 17 show the pic-
ture of RF gun body and the cathode heated to 1100˚C.
When the field amplitude of the full cell approxi-
mately equals to two times that of the half cell, the
electron beam has a linear energy chirp that is ideal
for bunch compression with alpha magnet. The field
mapping of the gun cavity has been done in term of
bead-pull measurement along the cavity axis. Figure
18 is the field map after cavity tuning for optimum
field ratio. Unloaded Q of the π/2-mode under such

cavity field ratio is about 9000.

An alpha magnet, as shown in Fig. 19, has been
built and tested by the magnet construction group.
Field gradient at 450 G/cm has been achieved. The
gradient of the magnet during normal operation will
be at about 400 G/cm. The trimming of field near the
beam entrance is in progress. The vacuum chamber
of alpha magnet with momentum filter is to be built
and put into the alpha. A beam transport system will
be needed to guide the beam from RF gun exit to the
entrance of alpha magnet, then from the alpha mag-
net to the S-band linac to reach the desired beam
energy. The RF gun project intends to have a high
brightness beam injector with future applications on
(1) booster synchrotron pre-injector for TPS and (2)
advanced accelerator and novel light source re-
search.
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Fig. 19:  A built and tested alpha magnet as low energy
bunch compressor.

Fig. 17:  (a) Assembly of thermionic RF gun developed at
NSRRC, (b) the cathode was heated up to 1100˚C.

Fig. 18:  Measured electric field amplitudes (arbitrary unit) as
a function longitudinal position. The position zero is the
location of the thermionic cathode.


