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Taiwan Photon Source (TPS) Table 3: Main operational parameters of the TPS storage ring
Beam energy [GeV] 3.0
Operation Parameters Number of buckets 864
The main operational parameters of Maximum multi-bunch beam current (design) [mA] 400 (500)
the TPS are shown in Table 3. Horizontal beam emittance [nm-rad] 1.6
Betatron tunes [v,/v,] 26.16 / 14.24
Lifetime at maximum beam current [hour] >15
RF voltage [MV] 3.2

Operation Summary

In 2018, the TPS successfully operated at the designed beam current of 500 mA with the beam lifetime of more
than 8 hours during a machine study. NSRRC has initiated the paper work for the operation license of 500 mA, and
expects to operate the TPS storage ring in user mode with 500-mA beam current in the near future. The summary
of the beam availability and MTBF of the TPS user-mode operation is shown in Fig. 2. (Reported by Chang-Hor Kuo)
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Fig. 2: The summary of the beam availability and MTBF of the TPS user-mode operation since 2016 Q4.

The TPS Digital Low-Level Radio Frequency System

T he purpose of a Low-Level Radio Frequency the phase stability, Ag, of 1 degree by controlling the
(LLRF) system is to manipulate the amplitude implemented cavity voltage in TLS and TPS. To have
and the associated phase of the accelerating field higher field stability, more precise field control and
provided by the RF cavity. Before this project, both better noise reduction for the accelerating field is
the Taiwan Light Source (TLS) and the Taiwan Pho- required. A digital LLRF (DLLRF) control system based
ton Source (TPS) were using analog LLRF systems to on the platform of the Field Programmable Gate Ar-
manipulate the RF system. The analog LLRF system rays (FPGA) was proposed and developed at NSRRC.
enables the accelerating field inside the RF cavity to With the prototype of the DLLRF accelerating voltage

achieve the amplitude stability, AVc/Vc, of 1% and controller, the accelerating field reaches the stabilities
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Fig. 1: The schema of the DLLRF controller. The tuner loop is not included.

of AV/Ve <0.2%) and Ap < 0.2°. Also, the sidebands
of the 60-Hz noise and its high-order harmonics can
be suppressed to be -70 dBc. The analog LLRF system
of the TPS booster ring was replaced by the DLLRF
system at the beginning of 2018, and the other ana-
log LLRF systems installed in the TPS storage ring will
be replaced by the DLLRF system in the near future.
An introduction to the DLLRF control system and its
operation status at the TPS booster ring are described
in this report.

The schema of the DLLRF controller is shown in Fig. 1,
where the master clock inside the frequency standard
module generates a 550 MHz local signal (LO) for

the Up/Down converter of the controller and an 80
MHz (LVTTL) working clock for the FPGA. The cavity
transmitted power and the master signal are down
converted to the intermediate frequency (IF) band

of 50 MHz by mixing a 500 MHz RF signal with a 550
MHz LO signal. Then, the IF band signal is digitized by
an analog-to-digital convertor (ADC) with a 40 MHz
clock generated by a FPGA phase-locked loop from
the 80 MHz working clock. After data processing by
the FPGA, a signal for the cavity control is generated
by a digital-to-analog convertor (DAC) with the 80
MHz working clock and then up converted to a 500
MHz RF signal.

As shown in Fig. 2, the DLLRF control system includes
a FPGA control core, an input/output (I/0) controller,

an Up/Down converter, and a linear power source.
The FPGA control core consists of two commercially
available boards. The Altera DE3-260 is a develop-
ment FPGA platform (Stratix lll) carrying 260k logic
elements while the DCC-HSMCis an AD/DA Data
Conversion Card (DCC) based on the High Speed
Mezzanine Card (HSMC). Both ADC and DAC have the
resolution of 14 bits, and the updating rates are up
to 150 mega samples per second (MSPS) for the ADC
and 250 MSPS for the DAC. The DE3-260 can com-
municate with the DCC-HSMC via a small form factor
connector. The RF signal of the cavity is transformed
from 500 MHz to 50 MHz by the Up/Down converter.
After that, the 50 MHz signal was digitized by the
DCC-HSMC and processed by the DE3-260, and then
up converted back to 500 MHz for the cavity control.

A Raspberry Pi (RPi) is chosen as the I/0O controller
of the DLLRF system and utilizes general-purpose
input/output (GPIO) pins for communications with
the FPGA. It also allows the controller to be hosted
and operated from a local or remote PC. Application
programs can be developed with python. Remote
operation, data acquisition and the monitoring can
all easily be implemented through the Experimental
Physics and Industrial Control System (EPICS) pack-
age. The maximum GPIO /0 speed accompanied
with a python library, RPi.GPIO, is about 70 kHz. Such
an access speed is sufficient for the process of the
basic command function of the DLLRF controller.
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The software architecture for the
communication and the function
architecture for the remote op-
eration are shown in Fig. 3 and
Fig. 4, respectively. During the
long-term test of 90 days with
uninterrupted communications,
the RPi I/O controller works very
well, indicating that the RPi works
well as the 1/0 controller for the
DLLRF system with good reliability
and stability.

The analog LLRF system previously
installed in the TPS booster ring
consists of the interlock protec-
tion function and three feedback
loops: the amplitude, the phase
and the tuner loop. All functions
are controlled by the Program-
Fig. 2: The DLLRF controller where the FPGA control core is composed of the DE3-260 mable Logic Controller (PLC).

and the DCC-HSMC, and the RPi is an input/output controller. The newly developed DLLRF also
contains four functions as those
within the analog LLRF system,
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Fig. 3: The architecture of the communication software. the tune loop controlled by the
PLC will be activated, and will lock
the resonant frequency of the RF
cavity with the fixed drive power.
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Pe Soft 10C 10Cs in the Tune Mode and the cavity

I voltage cannot be kept on the set-
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setting value by manipulating the
Fig. 4: The function architecture for the remote access. drive power. In case of the DLLRF
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system, while the DLLRF controller receives the operation command from is prepared for the functional test
the local/remote operator, the operation command will be passed to the of the DLLRF controller. All mod-
PLC module for the activation of the tuner loop. Also, the DLLRF control- ules are integrated into a 19-inch

ler will monitor the status of the PLC module to prevent the damage from cabinet rack.
the unexpectedly status change of the PLC module, such as the failure

of the tuner scan. Once the interlock was triggered, the PLC module will Figure 7 shows the graphical

pass the DLLRF controller the interlock signal, and switch the DLLRF sys- user interface (GUI) displayed on

tem to be “Off Mode” immediately. the DLLRF local operation panel
for the TPS booster ring. To be

Figure 6 shows the DLLRF system with a RPi I/O controller inside the DLL- an easy, simple and friendly user

RF controller and the local operation panel. A frequency standard module interface, only the basic functions

generates the clock required for the DLLRF system. The cavity simulator and indicators will be displayed on

the operation panel. All additional
500 MHz functions, such as the ramping

MCLK waveform generator and the
cavity voltage calibration, can be
Interlock status 1 initiated from the menu bar.
interlock sum to FPGA
— | PLC To generate the ramping wave-
i el PLC status to FPG& DLLRF form, a 1024-point ramping table
’ is written into Random Access
2. TunerLoop | LLRF status Memories (RAMs) in the FPGA via
reset command to an 1/0 controller. The injection
PLC controller repetition rate of the TPS booster
ring is 3 Hz. Therefore, the corre-
sponding time interval for these
1024 points is 1/3 second. The
) 500 MHZ setting points of the cavity voltage
To Transmitter B ~ RF drive are changed to fit the ramping
- RF Switch | waveform in a particular ramping

mode. Figure 8 shows the ampli-
tude and the phase of the cavity
voltage measured by the analog
and digital LLRF systems during
the routine operation of the TPS
booster RF. Significant better performance was
achieved by the DLLRF control system than the
DLLRF Local Operational Panel analog LLRF system.

Fig. 5: The hardware architecture of the DLLRF system installed in the TPS booster ring.

Figure 9 shows the field spectrum of the RF
cavity operated by the analog LLRF system and
the DLLRF system with the cavity voltage of 905
kV during the operation mode. The sidebands
of the 60 Hz noise and its harmonics can be im-
proved by about 20 dB with the DLLRF system.

At the TPS, the DLLRF system can save 70%
electricity consumption for the RF system with
an energy saving function. This function is real-

DLLRF Controller

DLLRF Frequency Standard ized by controlling the klystron cathode current
and the cavity voltage according to the injec-
Cavity Simulator tion timing signal. However, to operate the RF

system in the energy-saving operation mode
might cause instabilities due to the phase shift
in the RF loop resulting from the variation of
the klystron cathode current. In order to have

Fig. 6: The DLLRF control system for the TPS booster ring.
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Digital LLRF Local Control Panel (ver. BR-OP-v5 [dev-v3.3], 2018-07-17)

Basic Fun Advance Initialize Information Exit

Off Mode Tune Mode OP Mode

RF Ready I-Read 3765.2 Q-Read 3993.4
Vc Read [kV] 885.1 Phase Read 46.68 deg 1-Set 974 Q-Set -1689
Ve SP [kV] 231.4 Phase SP -60.03 deg l.tune-Read 0.0 Q.tune-Read 0.0
Phase Station -60.65 deg Phase MCLK 107.33 deg I-MCLK -1871.4 Q-MCLK 5996.2

Pf Read - Pr Read - I-Debug 3014.2 Q-Debug 1859.6

Pb = slew R.(5000) [Set I [set] Q [set]
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Fig. 7: The RF GUI for the TPS booster ring.
cavity Voltage a stable energy-saving operation mode, the Pl

gains must be optimized. Therefore, an offline
model of the LLRF system will be studied for

800 M\ o the optimization of the Pl gains. The optimized
/ / gain is determined by minimizing the RMS errors
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energy-saving function and optimized Pl gains
can be controlled within 0.05 + 0.28 % and 0.14
+0.21 degrees for the cavity voltage amplitude
and phase, respectively. With the tuned PI gains,
the DLLRF system in TPS booster ring performs a
stable operation with the active energy-saving
function.
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Fig. 8: The amplitude and the phase of the cavity voltage measured noise reduction has been developed at the NSR-
by the analog and digital LLRF systems. RC. The operation of the DLLRF control system for
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Fig. 9: The field spectrum of the RF cavity operated by (a) the analog LLRF system and (b) the digital LLRF system.
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the TPS booster ring is successful. The stability of the
cavity voltage and the ability of the noise suppression
are improved significantly by using the DLLRF control
system. The present storage ring analog LLRF systems
will be replaced in the future. (Reported by Zong-Kai
Liu, Fu-Yu Chang and Meng-Shu Yeh)
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NSRRC High Brightness Photo-Injector System and
Light Source Development

Ahigh brightness photo-injector test facility, as shown in Fig. 1, has been built in the Accelerator Test Area
(ATA) at NSRRC for R&D of novel light sources, such as free electron lasers and inverse Compton scattering
sources etc., in the past few years. This photo-injector is equipped with a laser-driven photocathode RF gun as

a high quality electron source and a 5.2-m long S-band traveling-wave linac for beam acceleration. A few tens
MeV, ultrashort bunches of ~100 fs bunch length can be produced from the injector by velocity bunching tech-
nique. Intense coherent THz radiation sources driven by this photo-injector has been developed to demonstrate
the capability of this injector since demands of intense radiation sources in the THz range have been encoun-
tered in some applications like spectroscopy, elementary (e.g., phonon) excitations, NMR spectroscopy, etc.
Tunable narrow-band THz coherent undulator radiations (CUR) can be generated from a U100 planar undulator
when it is driven by such a beam. In addition, broadband THz coherent transition radiations (CTR) can be gener-
ated by passing this beam through a metallic foil. CTR is also used for the determination of the bunch length by
autocorrelation technique.

NSRRC High Brightness Photo-injector
Commissioning of the photo-injector has been carried out in 2016." The 2,998 MHz RF gun with the Cu cathode
has been operating at the accelerating gradient of 70 MV/m. It is followed by a short solenoid electromagnet

Fig. 1: NSRRC High Brightness Photo-Injector Test Facility.





