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TPS Phase-I Insertion Devices 

Taiwan Photon Source with beam energy 3 GeV and beam current 500 mA is a third-generation synchrotron 
radiation facility.  In the initial commissioning stage of TPS, the machine will be equipped with ten insertion 
devices and serve seven beamlines in phase I.  Of these, three long straight sections configured as a double-
minimum betay function lattice design with minimizing the effective beam size are used for the installation 
of a pair of insertion devices in a straight section, two undulators of APPLE-II type and four in-vacuum undu-
lators.  The details of these insertion devices are explained herein.
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Introduction
At present the construction of TPS civil engineer-

ing is proceeding, with commissioning of the machine 
planned in 2014. It consists of 24 straight sections, 
including eighteen sections of length 7 m and six sec-
tions of length 12 m, to accommodate beam-injection 
devices, SRF cavities, insertion devices and so on. To 
fulfil various experimental requirements in the first 
and early phases of TPS completion, one set of EPU46, 
two sets of EPU48 and seven sets of IU22 are arranged 
in seven district straight sections. Table 1 and Fig. 1 
explain the main parameters and scheme of these ID 
in phase I.1

Table 1:  Specifications of insertion devices adopted 
for the TPS first stage.

Ee /GeV
EPU48 IU22 IU22 EPU46

3

photon energy 
/keV 

HP 0.4-1.5 5-20 5-20 0.45-1.5

VP 0.4-1.5 0.45-1.5

current /A 0.5 0.5 0.5 0.5

λ/mm 48 22 22 46

Nperiod 67 95 137 83

By /T 0.85 0.79 0.79 0.83

Bx /T 0.59 0.59

Kymax 3.81 1.54 1.54 3.57

Kxmax 2.6 2.5

L /m 3.2 2 3 3.8

gap /mm 13 6.5 6.5 13

number of devices 2 2 5 1

All insertion devices can be used to produce 
a spectrum of photon-energy domain 0.4-20 keV 
(shown in Fig. 2) and with high brilliance and great 
flux. When two collinear undulators are placed, an 
electrical phase shifter to tune the time delay of the 
electron beam would also be installed between the 
two ID as a function of the constructive interference of 
the light. To avoid components confliction during the 
ID installation, all undulators have been subjected to 
inspections with a 3D engineering drawing and make 
sure there are no interferences between ID and related 
components nearby.

Fig. 1: Distribution of insertion devices in phase I.

P69-79（修一）.indd   77 2012/4/13   下午2:28



NSRRC Activity Report 2011

78

Insertion Devices
To satisify the user's desire for various polarized 

synchrotron radiation, the APPLE-II type are planned 
to serve for soft RIXS and sub- µsoft X-ray beamlines.

EPU46

This equipment was designed, fabricated and 
assembled by ADC and the performance of mechani-
cal structure and magnetic field was improved and 
shimmed at NSRRC.2, 3 To achieve the field require-
ment, a neodymium iron boron magnet (NdFeB, 
N39UH) was decided to be adopted.  Correction of 
the magnetic field of the undulator is under way.  The 
field correction of EPU46 is expected to be completed 
in 2012 and ready for installation in the 7 m straight 
section in 2013.

EPU48

The development of two sets of EPU48 includs 
magnetic circuit design, engineering design, mag-
net module construction and field correction will be 
done in-house. Both EPU48 are arranged at the same 
straight section with 12 m long as shown in Fig. 3. The 
manufacture of the magnets had been completed.4  
Engineering construction of EPU48 is planned to be 
finished in the third quarter of 2012; then field cor-
rection of the undulator will be completed beofre the 
third quarter of 2013.

To achieve higher magnetic field with small vol-
ume magnet and getting more number of periodic 
alternative field, the magnetic structure shall be put 
inside the vacuuum chamber, that is in-vacuum ID. 
Three types in-vacuum undulators (IU) are planned to 
be distributed over the storage ring as below.

2-m IU22

Two sets of 2-m IU22 were designed and are 
being fabricated by Hitachi-Metal, NEOMAX Com-
pany.5 To increase the maximum magnetic field with 

Fig. 3: Two collinear EPU48.

Fig. 2: Spectral performance of insertion devices adopted at TPS.
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a smaller gap, a hybrid magnetic structure is used. It 
is composed of vanadium steel and a NdFeB magnet 
(NMX-S38EH) of a hybrid structure. As an application 
for future study, the undulators will be able to drive 
to the minimum gap of 3.5 mm. Each set of 2-m IU22 
will be installed in the individual 7 m straight section. 
Two sets of 2-m IU22 will be delivered to NSRRC in 
mid 2012.

3-m IU22 

Four identical IU22 of length 3 m would be divid-
ed into two pairs, each pair is to be installed in a long 
straight section that is 12 m long. The magnet structure 
is the same as the 2-m IU except the length. The mini-
mized operation gap is 5 mm. One set of IU22 has 
been contracted out in 2011 and delivered to NSRRC 
before the first quarter of 2014. Procurement of other 
in-vacuum undulators will begin in 2012.

3-m IU22T with taper function

The operational mechanism of this undulator is 
similar to the above 3-m IU22, except that it has a 
taper movement added to the pair of magnet arrays.  
This function could provide a wider spectral band-
width for sample scanning in a suitable photon spec-
trum.  In this case, the machine must be able to in-
cline 1 mm of height per overall length of the magnet 
array.  To maintain the precision and accuracy of the 
equipment, junction areas between the carrier and the 
back beam will be capable of tolerating rotation and/
or displacement. The 3-m IU22T had also contracted 
out in 2011 and delivered to NSRRC before the fourth 
quarter of 2013.

Toward greater photon energy in the next step, 
a cryogenic permanent-magnet undulator (CU), in-
vacuum wiggler (IW) and a superconducting undula-
tor (SU) are being develping and will be considered 
for the next stage of TPS light source.

Field Measurement System
There are three sets of Hall probe field measure-

ment system in our laboratory for field mapping and 
quality verification purpose. Two systems are con-
ventional granite bench with a carrier, one of them 
use pulley and roller as transmission system and total 
length is 5 m and the other 5.5 m long bench adopts 
linear motor and air bearing. An in-situ field measure-
ment system for an in-vacuum undulator or the cryo-
genic permanent magnet undulator without removing 
the vacuum chamber has been developing in house. 
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