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To satisfy the demanding operation requirements for 
the Taiwan Light Source (TLS), diagnostics has been 
continuously upgraded.  Several recent efforts, includ-
ing new bunch-by-bunch feedback system, integrated 
photon BPM electronics prototype, vibration and 
beam orbit stability analysis system, and earthquake 
detection system, are highlighted in this report. The 
FPGA based bunch-by-bunch digital feedback system 
for the transverse plane was delivered in late 2005 
and the longitudinal feedback system in early 2006.  
These systems suppress coupled-bunch instability and 
ensure lower chromaticity operation which are es-
sential to improve the injection efficiency for the top-
up operation.  To enhance functionality of the system, 
the systems have been updated to a new design with 
better control system integration and better function-
ality.  Besides, to further improve beam availability, 
the beam trip event diagnostic has been deployed in 
the TLS to improve operation reliability.  These diag-
nostic tools can clearly reveal and track causes of the 
beam trips and provide enough information to help 
repair and maintenance works.  Libera Photon is one 
of these tools to provide a good integration environ-
ment to correlate electron and photon beam motion. 
An earthquake detector has been installed lately as 
well to record trip event caused by quakes.  New gen-
eration bunch-by-bunch feedback processor is also 
tested.  All of these efforts above will be addressed 
respectively in the following sections.

Bunch-by-bunch Feedback System

Bunch-by-bunch feedback systems for TLS were 
deployed during 2005 ~ 2006 to combat transverse and 
longitudinal coupled-bunched instability.  In  TLS, these 
feedback loops are indispensable to deliver high quality 
photon beam.  To explore functionality of the new gen-
eration bunch-by-bunch feedback solutions, and to pro-
vide a better diagnostics and evaluate functionality for 
TPS usage, a general feedback signal processor solution, 
called iGp (Integrated Gigasample Processor) was se-
lected for the upgrade.  The iGp provides real-time base-
band signal processing at an RF frequency of 500 MHz for 
200 bunches at  TLS.  The major reason is that the system 
supports EPICS control environment and provides good 
control system integration.  Rich functionalities are also 
supported, such as feedback, bunch train excitation and 
tune measurement, selective bunches excitation and 
tune measurement, bunch cleaning, and precision tim-
ing adjustment, etc.  The existing system can be used 
completely for spare purpose. 

Two versions of iGp were used for the bunch-by-
bunch feedback system upgrade due to historical reason. 
The iGp processor is implemented with a high-speed 
(500+ MHz) processing channel with 8 bits ADC and 12 
bits DAC.  The iGp12 is the new version of iGp with 12 

Fig. 1: Two peaks 16-taps filter to suppress instabili-

ties in vertical and horizontal planes using 

striplines installed at skew position.
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bits ADC and DAC.  Functionalities of both models are 
the same.  The processor unit is primarily designed for 
bunch-by-bunch applications in storage rings.  However, 
wideband low-noise ADC input and integrated diagnostic 
features make the feedback processor  a valuable bunch-
by-bunch diagnostic tool when applied in the electron 
storage rings.  The feedback processor is configured to 
individual process for all bunches in the ring.  Signal for 
each bunch passes through a 16-tap (transverse) and 32-
tap (longitudinal) FIR filter before being sent to the one-
turn delay from there, to the high-speed DAC.  The main 
signal processing chain consists of a high-speed ADC, 
an FPGA, and a high-speed DAC, and is driven by the RF 
clock.  In addition to performing real-time control com-
putations, the FPGA interfaces to the on-board devices, 
such as high-speed data acquisition memory (SRAM), 
low-speed analog and digital I/O, as well as temperature 
and supply voltage monitors.  The FPGA uses an internal 
USB interface to communicate an embedded EPICS IOC 
computer and is housed in the same chassis.  The IOC 
runs the Linux operating system and is connected to the 
overall control system via the Ethernet.  System control 
and diagnostics are performed via EPICS.  All control and 
diagnostic features are accessible through the supplied 
EDM panels.  Acquired diagnostic data can be exported 
for off-line analysis. 

Commissioning of the iGp/iGp12 for the transverse 
and longitudinal enables the feedback into opera-
tion based upon existing bunch-by-bunch feedback 
infrastructure.  Noise floors were lowered by a factor 
of two  compared with existing feedback system.  The 
transverse feedback used opposite striplines in skew 
position as feedeback kicker.  Two peaks of 16-tap fil-
ter was designed, as shown in Fig. 1.  Instabilities of 
both transverse planes were suppressed successfully 
after 3 hours of efforts.  The iGP waveform interface is 
shown in Fig. 2. The lower right corner of Fig. 2 shows 
two notches in averaged spectrum corresponding to 
vertical and horizontal rejected betatron sideband.  
It can be used as a betatron tune monitor with high 
resolution without beam excitation.  To explore the 
bunch cleaning functionality, the multibunch stored 
beam was killed and was left one bunch, as shown 
in Fig. 3.  However, due to low kick efficiency of the 
transverse excitation system, a vertical orbit bump was 
intentionally produced to ensure excited betatron mo-
tion of the unwanted bunches that can be scraped 
by the ID cambers.  The excitation can be a selective 
single bunch or an arbitrary pattern as shown in Fig. 4. 
A simple operator interface shown in Fig.5 was deployed 

Fig. 2: iGP for transverse feedback.

Fig. 3: Bunch cleaning test, all bunches were killed 

from the original multi-bunch fill except that the 

selected bunch still survived. 

Fig. 4: Bunch excitation, selective bunches were ex-

cited to form a pattern of TLS encoded in Morse 

code.
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for control room application.

Photon BPM Upgrade and Vibration Acquisition Set-
up

During the past year, several photon BPM electron-
ics were installed at beamlines and vibration acquisition 
system was also built and expanded gradually.  These 
systems provide information that helps to clarify some 

unclear events and contradictions in the TLS operation, 
and are expected to improve beam stability as well.  
Photon BPM and Electron BPM Comparison

There are several kinds of photon BPMs with dif-
ferent designs installed at beamline front-ends of TLS.  
The electronics and data acquisition system cannot be 
integrated into the machine control system with the 
beamline or frond-end data acquisition in a seamless 
way due to historical reason.  Currently, one signal might 
be split into several ways into different data acquisi-
tion system in the current system.  To provide a better 
integration and efficient usage of the photon BPM, an 
integrated system will be under construction.  The goal 
of the system is to support access from the beamline 
control system or other clients.  The system has em-
bedded current-to-voltage converter, embedded high 
performance ADCs, local computation capability, and 
integrated machine control system interface.  Commer-
cial available Libera Photon satisfies all of these require-
ments and could integrate photon BPMs into control 
system seamlessly.  Figure 6 shows the observation 
at beamline BL10 with Libera Photon.  One of vertical 
correctors (RCVCSPS21) was driven by a square wave.  
Relationships between photon BPM and electron BPM 
are shown.  It can be observed that during FOFB-off the 
corrector changes will cause orbit position displacement 
over 10 μm while during FOFB-on the displacement 
is almost suppressed for the same corrector change.  
Injection transient is also clearly observed in Fig. 7.  
The behavior is quite similar as the electrical BPM where 
the field leakage disturbs both of electrical and photon 
BPMS.  In addition, Fig. 8 shows comparison of the pho-
ton displacement when the EPU5.6 phase was changed 
with/without FOFB.  It can also be observed clearly that 
FOFB could almost suppress the displacement to sub-
micron level from several hundreds of micron.

Study of Vibration Effects on Beamline Intensity

During the periods of TPS constructions, the TLS at 
the same site will continue its operations.  The quakes 
caused by excavators or pile drivers seem to have dete-
riorated the stability of beamline intensity ( I0/I0) from 
0.1% up to 10% or more.  On the other hand, these sta-
bility indicators ( I0/I0) from different beamlines have not 
been always concordant.  Furthermore, it has confused 
us over a long period that the indicators sometimes be-
came worse while the related subsystem remained nor-
mal even before TPS construction.  It is suspected that 
different characteristics of vibration of different girders 
could be one of the possible causes.  Therefore, to clarify 
these inconsistent and not-yet-explained phenomena, 

Fig. 5: Operator interface to operate the bunch-by-

bunch feedback system, including transverse 

and longitudinal feedback system. Various 

waveforms including filling pattern, beam os-

cillation amplitude in rms, and bunch phase os-

cillation in rms are shown and integrated with 

front-end and iGp control page.  Correspond-

ing spectra are also shown, and is easily used as 

a tune monitor.
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Fig. 6: Beamline BL10; photon BPM signal 10Hz rate 

reading related to the ring BPM.
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Fig. 7: Beamline BL10: photon BPM reading at 10 kHz rate dur-

ing injection.
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Fig. 8: Beamlines BL10 and BL11: photon BPM vertical position 

change vs. EPU 4.6 phase change with or without FOFB.

Fig. 9: (a) Time series of BL10 I0 and three-axis vibration, and electron BPM R2BPM4Y.  (b) Time series of BL11 I0 and three-

axis vibration, and electron BPM R2BPM1Y when large vibration occurs.

the data acquisition system of vibration is built 
and constantly expanded.

During normal operation the observed beam 
stability is quite good: the stability of beamline 
intensity ( I0/I0) is usually under 0.1%; the spec-
trum amplitude of electron beam stability is also 
less than 0.5 μm below 50 Hz.  The overall RMS 
stability of electron beam can achieve submicron 
level from DC to 50 Hz in normal operation.  The 
mechanical design of beamline BL11 looks better 
than that of BL10.  The vibrations of three-axis at 
BL11 are all less than 0.01 mg while they are less 
0.1 mg at BL10.  It requires further study to seek 
causes of these differences.  The spectra of all 
electron BPMs are very similar while they are not 
consistent with the spectra of photon intensity I0 
at BL10 and BL11.  Furthermore, even these two I0 
aren’t consistent with each other. 

The inconsistency also appears when large 
vibration occurs.  Although the scales of the insta-
bilities of photon intensity and vibration became 
larger when excavators or pile drivers were oper-
ated, the characteristics of the behavior are still 
quite different.  Figure 9 shows one of the exam-
ples.  It can be observed that in the time domain, 
the transient motions (spikes) occurred simultane-
ously but the spectra of these signals aren’t as cor-
related as in Fig. 10.
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Besides, it was also observed that some situations 
may cause I0/I0 inconsistencies between different beam-
lines.  As Fig. 11 (a) shows, the stability indicators I0/I0 
of one beamline (in this examples, BL10) became worse 
sometimes.  During the same period of time, the other 
beamline BL11 still remained normal and the electron 
beam orbit was also steady.  We checked the vibrations 
of these two beamlines at that moment, as shown in Figs. 
11 (b) & (c).  Apparently, an individual vibration event 
nearby this beamline BL10 caused quake.  The vibration 
was local, not global.  It could be inferred that if the in-
dicators I0/I0 didn’t become worse for all beamlines si-
multaneously, the indicators are meaningless.  However, 
even if the global vibration results in instabilities, the 
change of photon beam motion is not mainly caused by 

electron beam, but the vibration itself contributed more.  
In fact, the electron beam is more stable than photon 
beam when large vibration occurs.  The stability of pho-
ton beam deteriorated more than twice while the elec-
tron beam almost did not changed as compared with the 
normal status. 

Fig. 10:  (a) Spectra of BL10 Io and three-axis vibration, 

and electron BPM R2BPM4Y.  (a) Spectra of 

BL11 I0, and three-axis vibration, and electron 

BPM R2BPM1Y when large vibration occurs.

Fig. 11:  (a) 10Hz data of I0/I0, electron BMP, and 
photon BPM.  (b) Time series of BL10 I0 and 
three-axis vibration, and electron R2B-
PM4Y.  (c) Time series of BL11 Io and three-
axis vibration, and BPM R2BPM1Y when 
large vibration occurs.
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Earthquake Detection

Earthquakes happen frequently in Taiwan, and they 
causes several beam trips annually on average.  In order 
to and the relationship between beam trip and vibra-
tion due to an earthquake, a detector was installed 

for recording the events in real-time.  The detector is a 
simple earthquake switch which consists of a low noise 
micromachining three-axial accelerometer, associated 
electronics, and data acquisition microcontroller.  The EP-
ICS IOC accesses this detector by MODBUS/TCP protocol 
over Ethernet.  It also supports relay contact outputs; the 
relay activates when the intensity threshold over preset 
threshold is detected by the STA/LTA (Short Term Aver-
age/Long Term Average) trigger algorithm.  The relay 
contact output can be used as a trigger signal for the 
post-mortem diagnostic system of TLS.

Figure 12 shows the acceleration of an earthquake 
which had been detected at 14 : 12 : 49 on February 7 this 
year.  The earthquake happened at 14 : 10 : 07 in Hualian, 
at the east coast of Taiwan.  The P wave arrived at NSRRC 
site after 42 seconds, and the S wave lagged about 30 
seconds behind the P wave.  The epicenter was at about  
230 km away from TLS. 

For post-mortem diagnostic, it becomes useful to 
combine the received data with BPM retrieval for analysis 
from Fig. 12 and Fig. 13.  The SRF system is tripped  after 
20 seconds when S wave arrived, and the trip was caused 
by the vibration of Nb cavity inside the superconduct-
ing RF module.  The deformation of the cavity caused 
resonance frequency change, which would induce high 
reflective power beyond trip level.

Summary

This report summarizes several upgrade activities 
in the TLS diagnostic system.  Theses tools not only en-
hance functionality of the existing system, but also help 
to reveal various effects which are not possibly observ-
able before.  These experiences will contribute directly to 
the TPS project .

Fig. 12:    

Fig. 13:   Post-mortem data from BPM system.

Contact E-mail 
Kuotung@nsrrc.org.tw

The user interface shows an earthquake being 

detected. 
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