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After several months of upgrade work in 
the second phase of commissioning, the 

3 GeV Taiwan Photon Source (TPS) of the Na-
tional Synchrotron Radiation Research Center 
(NSRRC) successfully stored 520 mA of elec-
tron current, exceeding its design goal of 500 
mA, in its storage ring on December 12, 2015. 
It is less than a year since the first light was 
achieved in the TPS store ring by using two 
room-temperature, five-cell PETRA radio fre-
quency (RF) cavities. 

Several new components were installed 
during the second phase of commissioning, 
including new undulators and superconduct-
ing cavities, while the cryogenic and control 
systems were completed. 

Critical Upgrade Implementation
Insertion Device

Starting in the second quarter through 
the first part of the third quarter in 2015, 10 

insertion devices (ID) were installed in the 
double mini-βy lattice of TPS. Seven out of 
10 insertion devices are in-vacuum undulators 
(IU) built in two dimensions, three meters or 
two meters in length. Among them, two pairs 
of collinear in-vacuum undulators (IU22), 
each consisting of a three-meter and a two-
meter IU22, are installed in the 12-meter-long 
straight sections, whereas three IU22 of three 
meters in length are located in the standard 
straight sections. The IU22 were transferred 
from the ID laboratory to TPS’s tunnel, set up, 
aligned, and then baked. The baking proce-
dures of IU were modified to be incorporated 
with those of vacuum chambers due to the 
tight schedule. The baking period took eight 
weeks for seven units of IU22 and achieved 
a vacuum pressure of 9.8 × 10-9 Pascal upon 
completion. 

Two collinear, 3.2-meter, APPLE II-type 
elliptical polarized undulators (EPU48), which 

sandwiched the quadrupole triplet magnets, 
were added in the long straight section be-
tween two fast corrector magnets. The third, 
EUP 46, is installed in the standard straight 
section. The commissioning of EPUs started in 
October by completing several key processes, 
including the compensation of the dipole er-
ror using steering magnets located next to the 
EPU, establishment of two-dimensional feed-
forward tables, correction of the tuning shifts 
in both transverse directions using quadrupole 
magnets, and compensation of the coupling 
between both transverse betatron motions us-
ing the long loop coils fastened on the EPU.

Superconducting Radio Frequency (SRF)
Starting in the second quarter of 2015, 

two 500-MHz, KEKB-type superconducting 
modules were installed in the storage ring to 
replace two room-temperature, five-cell Petra 
cavities. In preparation for operating the SRF, 
the cryogenic plant needs to be in place and 
functioning. The acceptance test of the cryo-
genic plant was completed in February, and a 
cryogenic dummy load was used to mimic the 
requirements of SRF modules in May, leading 
to the early completion of the integration and 
test of the SRF system in July. Shortly after 
this, the goal of a high-power horizontal test 
was achieved, with both SRFs reaching 2.4 
MV of accelerating RF gap voltage. In Sep-
tember 2015, when the second stage of the 
TPS machine commission began, the SRF 
modules were then switched online to store en-
ergy. Until December, both SRFs continuously 
maintained a vacuum pressure to be within the 
range of sub nTorr, without applying the pro-
cess of partial or full thermal cycling. 

Magnet
The TPS team spent several months up-

grading the injection system and the transfer 
line between booster and storage (BTS) in 
order to improve the injection efficiency and 
the stability of the system by using μ–metal 
(mu-metal) to enhance the shielding of the 

Taiwan Photon Source Delivers its Design Target with a 
Stored Current of 520 mA 

Aerial view of the TPS and TLS (smaller ring).
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leakage field and reducing the load of pulse 
power supplies, respectively. To achieve such 
goals, the 0.8-meter AC septum was replaced 
by a 1-meter AC septum to lower the operating 
current of power supply. Therefore, the lattice 
magnets of BTS were rearranged to meet the 
new trajectory. Ninety-six fast feedback cor-
rector (FFC) magnets were placed at both ends 
of the straight sections as well as upstream of 
dipole magnets. A field distortion of quadru-
pole and sextupole magnets, caused by the 
crosstalk between FFCs and lattice magnets, 
was overcome by implementing independent 
power supplies. 

Control System
The injection sequence control was up-

graded by installing and integrating 10 sets 
of ID control systems. As part of the efforts 
to achieve a stable beam source, the first 
five beamline control system interfaces were 
added. Tests of the slow orbit feedback system 
were conducted in November as preparation 
for performing tests of the fast orbit feedback 
loop in December. Commissioning of the digi-
tal transverse feedback loops using both ver-
tical and horizontal transverse feedback sys-

tems (up to 250 mA of electron current) was 
successful. 

Challenges of Ramping to 520 mA
The first challenge is to solve the soft error 

induced by the radiation dose on the gap and 
the phase control of EPUs that knocked out the 
position reading of gap and phase in the feed-
back loop, resulting in a sudden moving or 
motionless signal. Two solutions were imple-
mented: using shields of 5 mm lead or thicker 
to wrap around encoders to block out the ra-
diation, and attaching EMI filters on the feed-
back loop to minimize the noise. The cleaning, 
vacuum jacket pumping, and heat load control 
of the 610-meter-long liquid nitrogen transfer 
line is another challenge. Eventually, an in-
house test equipment and loop were built to 
fully control the multi-channel transfer system 
without triggering the temperature-sensitive 
SRF system to shut down. 

In the last quarter of 2015, during several 
test runs, the pressure of the vacuum cham-
ber located in the first dipole of the second 
arc section in the storage ring repeatedly 
surged over 300 times more than it should  
be when the beam current increased to near 

200 mA. The decision was immediately 
made to manually cut the six-meter vacuum 
chamber into three pieces on site using a cop-
ing saw. A small metal-plastic pellet, which 
contaminated the vacuum environment, was 
found and removed. 

After the vacuum problem was solved, 
the commissioning of TPS ramped from 0 to 
520 mA in 11 minutes on December 12, 2015. 
It took NSRRC less than six years from the 
ground-breaking ceremony in February 2010 
to the completion of commissioning that 
meets the TPS design specification.              ■

Diana Lin

NSRRC
Hsinchu, Taiwan

TPS stored current reached 520 mA on December 12, 2015.
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