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Performance of the coherent THz sources for CTR and
CUR are summarized in Table 1.

Accelerator-based coherent THz sources have been
studied to demonstrate the capability of the NSRRC
high brightness photo-injector. Pilot user experiments
aimed to explore optical properties of materials
under the influence of intense THz radiation field are
being planned. Furthermore, based on the existing
photo-injector, the plan of establishing a free elec-
tron laser test facility is under intensive discussion.
An upgraded photo-injector system, generating an
electron beam with 250 MeV beam energy and sub-
100 fs bunch length by a dogleg bunch compressor,
will be used to drive a 50-nm VUV FEL seeded at 200-
nm lasers. The possibility of higher repetition rate of

Table 1: Performance of coherent THz sources

CUR CTR

beam energy (MeV) 17.7

bunch charge (pC) 280 210
bunch length (fs) 490
repetition rate (Hz) 10
undulator strength K 4.6 -

THz pulse energy (W) 26.4 6.7
central frequency (THz) 0.62 --
bandwidth 15% --

THz peak power 530 kW 9.4 MW

References
1. A. P. Lee, et al., Proc. IPAC'16, 1800 (2016).
2. L. Serafini, M. Ferrario, AIP Conf. Proc. 581, 87

(2001).
3. C. Settakorn, SLAC -Report-576 (2001).

this photo-injector system is also under consideration.
(Reported by Wai-Keung Lau and Ming-Chang Chou)

This report features the project developed by the
members from the High Brightness Injector Group.

Operation of the TLS Booster Synchrotron in
Energy Savings Mode

he storage ring of the Taiwan Light Source (TLS) is operated in top-up injection mode at a stored beam

current of 361 mA. The beam lifetime is about 7 hours and the refill occurs every minute. The TLS booster
ring has been operating in the ramping mode to 1.3 GeV except for the kicker pulser since the top-up injection
started in 2005. While operating an injector in the synchrotron light source, the energy efficiency is an import-
antissue. An energy saving operation mode for the booster RF system has been developed and is now operat-
ed routinely." The families of the dipole magnets and the quadrupole magnets of the booster synchrotron are
resonantly excited by three White circuits at the rate of 10 Hz> and running nonstop because the power supply
of the magnets could not respond cycle-by-cycle. Minimizing the duration of the magnet excitation without
interfering with the beam injection and the beam extraction to save electricity during the top-up operation was
implemented in late 2018.3

The TLS booster synchrotron consists of three magnet families: the dipole magnets, the focusing quadrupole
magnets (FQ) and the defocusing quadrupole magnets (DQ), and each family includes 12 magnets. The main
excitation circuit is configured by three independent White circuits which are resonantly excited at the rate of

10 Hz. A White circuit involves two coupled parallel resonant circuits connected by a bypass capacitor, where the
first circuit consists of a magnetic choke and a capacitor bank, and the second circuit is made up of the boost-

er magnets and parallel capacitor banks. A DC power supply in parallel to the bypass capacitor makes up for

the losses. All three White circuits have the same configuration, but the AC and DC power supplies work inde-
pendently. Both the operating precision of the AC and DC power supplies must be well manipulated and smaller
than 5 x 10 to ensure stable ramping. The variation of the betatron tune during the energy ramping can be of
the order of 102 but the focusing error needs to be within 5 x 104 This indicates that the performance of DC
and AC components for both families of quadrupole magnets must be stabilized within the same tolerances.
The amplitude and phase of the power supplies might drift due to a shift in the resonant frequency caused by
the ambient temperature variations or the heat resulted from the capacitors in the White circuit. It takes several
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hours to achieve thermal equilibrium. The tolerable phase drift is estimated to be 0.1°, corresponding to a shift
of the current wave by 30 psec at the 10-Hz operation.

A control system synchronizes both the amplitude and the phase for the 10-Hz sinusoidal waveforms of the
White circuit AC power supplies. A block diagram of the White circuit power supply interface is shown in Fig. 1.
It consists of an amplitude and phase detector module, a high purity 10-Hz generator, an amplitude regulator
module, a digital delay generator (DDG), a time-to-digital converter (TDC), an interlock and protection module
and 16 bit digital-to-analog converter (DAC) and analog-to-digital converter (ADC) modules.

The major control function of the White circuit is a low noise phase-reference signal at the rate of 10 Hz to regu-
late the amplitude and phase of the AC currents of the magnet power supplies.* The amplitude/phase detection
modules measure the AC peak current for the analog PID amplitude regulator in the high purity 10-Hz sine-wave
generator, where the PID stands for proportional, integral and derivative terms. The purpose of the amplitude
regulation loop is to keep the peak current of the magnet power supply constant. The DAC modules set the
amplitude reference for the DC/AC power supplies, and the high purity 10-Hz sine-wave generator module is
controlled by the amplitude reference signal to generate a 10-Hz sine-wave for the AC power supplies, which
drives the current amplitude of the White circuits. The purpose of the phase regulation loop, as shown in Fig. 2,
is to synchronize the phases between the families of quadrupole magnets and dipole magnets.

The operational sequence of the White circuits is as follows.

1. Three DDG modules create the 10 Hz trigger signals for three high purity 10-Hz sine-wave generator modules
which produce synchronized phases for the three 10-Hz sine-wave output signals.
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Fig. 1: The TLS booster synchrotron AC power supply diagram and the associated control interface.
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controller that adjusts the phase of the 10 Hz driving signal for the FQ and DQ power supplies. A digital Pl requ-
lator is used to keep the phase difference constant between both families of quadruple magnets and the dipole
magnets. The input for the regulation loop comes from a TDC, and its output is fed to a digital delay generator.
Figure 3 shows the amplitude of the dipole AC current and the phase difference between FQ/DQ AC currents
while the amplitude and phase regulation loops are enabled. When the amplitudes and phases reach a stable

level, the beam can be accelerated
(ramped) in the booster ring after
the amplitude or phase pertur-
bation caused by the transient
response of the Pl regulation is
damped out. The Pl regulator
minimizes the effect of a slow drift
to support the working conditions
for the injecting beam and the
ramping energy in the TLS boost-
er synchrotron. It takes about 10
seconds to reach relative phase
differences of less than 0.1° (~30
psec) and amplitude errors of less
than 104 of the nominal current.

The White circuits run the full
power operation during the beam
injection period, and run the en-
ergy-saving mode after the beam
injection. In the top-up operation
mode, the electron beam is in-
jected every minute. It takes only
a few injection cycles (0.1 sec/
cycle) in the last two seconds of
the injection period to supply the
desired beam to the storage ring.
After nominal values are set to the
AC/DC power supplies, it takes a
few seconds to stabilize the am-
plitude and phase tracking loops.
The requirement of time duration
depends on the time constants of
the loads (White circuits), control
rules and resonance frequency
drifts due to thermal effects. After
injection, the power supplies are
set to zero to save electricity. In
other words, the current output
of the AC/DC power supplies are
enabled then disabled in ener-
gy-saving operation mode.

Before the regulation loops of the
White circuits are optimized, the
regulation loops need to be kept
running continuously to assure
the stable performance between
the injection interval of 60 sec-
onds. After the Pl parameters of
the regulation loops are opti-
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ments in September 2018. All power supplies are enabled for 18 seconds before
the time of injection in order to stabilize the system.
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Fig. 5: The dipole AC current relative to FQ/DQ phase and booster beam current.
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mized, the On/Off operation of the White circuits has no impact on the beam injecting or the beam extracting,
as shown in Fig. 4. It takes about 18 seconds to stabilize conditions for the efficient beam injection. The typical
dipole current and relative phases among magnet families and beam currents in the booster synchrotron in ener-
gy saving mode are shown in Fig. 5.

The electrical power to drive the White circuits is about 275 kW as shown in Fig. 6, and the annual booster elec-
tricity consumption is about 1,512 MWh (275 kW * 5,500 hours), which is based on 5,500 hours of operation.
With the energy savings mode of operation, the total power consumption is reduced to one-third of this, or a
67% reduction of power consumption. That translates to more than 1,000 MWh annual electrical energy sav-
ings.

The energy savings scheme for the TLS booster synchrotron with resonant magnet excitation to support the top-
up injection for the TLS has been implemented in October 2018. Various limitations to operate the booster syn-
chrotron in energy saving mode were explored. The magnet excitation can be suppressed by about 40 seconds
within each 60 seconds of top-up injection intervals, resulting in about two-third of electricity savings without
sacrificing operation performance. (Reported by Jenny Chen and Demi Lee)

This report features the project led by Jenny Chen and Demi Lee.
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Fig. 6: The electricity consumption of booster main power supplies of TLS booster synchrotron.





