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Abstract—Shanghai Light Source (SSRF) is a third generation
synchrotron radiation facility with the intermediate energy of 3.5
GeV. Two wigglers W80 and W140, one elliptically polarizing undulator EPU100 of the APPLE-II type with 4.3 meters long and
two in-vacuum undulators IVU25-1,2 with 2 meters long have been
built in the phase-I of SSRF project. This paper describes the design parameters, the magnet configurations and the magnetic field
performances of these five IDs. The electron trajectories, the phase
errors and the predicated on-axis spectral fluxes with the measured magnetic fields of two in-vacuum undulators are also presented. The R.M.S. phase errors of less than 4 are obtained for
the EPU100 in the horizontal polarization mode as well as in the
vertical polarization mode. The maximum R.M.S. phase errors for
two in-vacuum undulators are 3.1 and 2.2 respectively and the
ratio of the photon flux to the ideal case is larger than 80% on the
11th harmonic.

TABLE I
MAIN PARAMETERS AND THE MEASURED MAGNETIC PERFORMANCES OF
TWO WIGGLERS

Index Terms—Insertion device, light source, undulator, wiggler.

I. INTRODUCTION
SRF is a third generation synchrotron radiation facility
with the electron beam energy of 3.5 GeV. In the Phase-I of
SSRF project, seven beamlines and five Insertion Devices have
been built. Two wigglers W80 and W140 with the maximum
peak fields of 1.21 T and 1.98 T respectively can generate the
synchrotron radiations with the critical energies of 9.8 KeV and
16.1 KeV and are used for the X-ray absorption fine structure
station and the X-ray imaging station. A variable elliptically
polarized undulator EPU100 with the Apple-II structure can
produce the various elliptically polarized radiations as well as
the linearly polarized radiations and is used for the scanning
transmission X-ray microscopy station. The designed photon
energy ranges of the EPU100 are 70 eV to 2 KeV for the linearly
polarized radiations with the first and the third harmonics and
130 eV to 1 KeV for the circularly polarized radiations. Two
in-vacuum undulators with the same design of period length
25 mm and minimum gap 7 mm can cover the photon energy
range of 1.5 KeV to 22.5 KeV with up to 11th harmonic and are
used for the macromolecular crystallography station and the
hard X-ray micro-focus station respectively. All five insertion
devices are normally in operation. The beamline experiments
show that they can meet the specifications of users.

S

II. WIGGLERS
The main parameters of two Wigglers W80 and W140 are
listed in Table I. The same C-Frame type support design is
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adopted by two Wigglers. Both two wigglers use the anti-symmetric hybrid magnetic configurations consisting of NdFeB
magnetic blocks and vanadium permendur poles. Due to the
large magnetic forces between the upper and the lower magnet
arrays, a magnetic load compensating spring system is provided
to buck the gap dependent magnetic load for each wiggler.
Only one servo motor is used to control the gap motion.
To correct the first and the second field integrals at the
different gaps, two pairs of coils located at the ends of Wigglers
are designed. There is an additional fixed quantity of Nd-Fe-B
above/below the location of each coil. Two columns of the
magic fingers at each end of the upper and lower magnet arrays
are used to correct the multipole integral field errors [1].
The magnetic field measurements have been performed with
a Hall probe system and a flipping coil system. The peak fields
of 1.21 T and 1.98 T are measured for W80 and W140 at the
gap 15 mm and 16 mm respectively. With the optimum of magic
finger arrays, the normal and skew multipoles of integral fields
are less than the specifications as summarized in Table I.
III. ELLIPTICALLY POLARIZED UNDULATOR
EPU100 is a variable elliptically polarized undulator of
Apple-II structure with the total length of about 4.3 m. Table II
lists its main parameters. The magnetic structure with 42
periods and the period length of 100 mm corresponds to four
standard Halbach-type magnet arrays which consist of two
pairs of planar permanent magnet arrays above and below the
electron orbit plane. The two arrays at one diagonal can move
along the longitudinal direction to provide the horizontal linear
polarization mode (H-Mode), the vertical linear polarization
mode (V-Mode) and various elliptical polarization modes
including the circular mode (C-mode) [2]. Including six end
blocks, each magnet array consists of 173 blocks of NdFeB.
The thicknesses of the end blocks are designed so as not only to
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TABLE II
MAIN PARAMETERS AND THE MEASURED MAGNETIC PERFORMANCES
OF EPU100

Fig. 1. A photograph of EPU100 shows the C-type frame with two upper (and
two lower) servo motors which control the gap motion. Two movable beams in
the upper and the lower are connected to the backing beams and the fixed beams
by a group of linear guides and are driven by two servo motors.

make the first and the second integrals of fields along the axis of
the undulator be zero but also to give no offset of the oscillation
axis from the axis of the undulator. The same dimensions of the
width and the height (35 mm 35 mm) of all blocks give more
freedom in the magnet sorting procedure. The magnet holder
can be adjusted within 0.25 mm in horizontal and vertical
positions. The clearance of 3.8 mm between two magnet arrays,
which provides the space for the magnet holder adjustment in
horizontal direction, minimizes the roll-off of the field profile at
the central region and decreases the horizontal magnetic forces
between magnet arrays.
The support structure of EPU100 consists of a C-type frame
on which the upper and the lower backing beams are mounted
with four linear guides and four ball screws. The backing beams
are made of Aluminum and are free in the longitudinal direction
at one side so that the temperature change will not cause any
deformation. A fixed beam and a movable beam which are made
of the same Aluminum material are mounted on each backing
beam and are connected with each other by a group of linear
guides. Fig. 1 shows a photograph of EPU100.
The magnetic force acting on the magnet arrays varies by
phase shifting not only in the magnitude but also in the direction. The calculation results indicate that the maximum vertical
attractive force of about 1100 kg will act on one array when the
shift is zero (H-mode) and the maximum horizontal attractive
force of about 2400 kg will act on one array when the shift is 50
mm (V-mode). The mechanical system was designed to minimize the mechanical tolerances and maintain the magnetic field
performance under the magnetic forces.
The local control system consists of six-axis Master-drive
motion control. Four servo motors control the gap, two on the
upper girder and two on the lower girder. Two servos control the
phase arrays, one on the upper outer girder and another on the
lower inner girder.
The magnetic field measurements in both two linear modes
as well as in the circular mode have been performed with a 3D

Fig. 2. Spectrum calculated from the measured magnetic fields of EPU100.
The ratio of the calculated flux to the designed flux is larger than 92% for the
third harmonic.

Hall probe system. The peak fields of 0.6 T and 0.39 T are measured in H-mode and V-mode respectively at the gap of 33 mm.
The phase errors were minimized for both the H-mode and the
V-mode by adjusting the position of the magnet holders horizontally and vertically. The maximum RMS phase errors of 3.8
in H-mode and 2.2 in V-mode occur at the minimum gap of 33
mm.
The multipoles of the field integrals were measured with a
flipping coil system. By using the magic fingers at the ends of
the magnet arrays, the normal and the skew multipoles in various
polarization modes are all in the specifications. The on-axis field
integrals at different gaps in different modes are corrected by
eight end coils as shown in Fig. 1. The magnetic measurement
results of EPU100 are summarized in Table II.
The flux spectrum is calculated from the measured magnetic
fields with the beam energy of 3.5 GeV and current of 300 mA as
shown in Fig. 2. The ratio of the calculated flux to the designed
flux is larger than 92% for the third harmonic.
IV. IN-VACUUM UNDULATORS
Two mini-gap undulators IVU25-1, 2 with 80 periods and
the period length of 25 mm use the same design. The total
length of the magnet girder is 2.05 m. Table III lists their main
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TABLE III
DESIGN PARAMETERS AND THE MEASURED MAGNETIC PERFORMANCES OF
TWO IVU25S

Fig. 3. A photograph of IVU25-1 shows the C-frame type configuration The
upper and the lower out-vacuum girders are connected with two in-vacuum
girders by 32 suspending rods. The magnetic fields were re-measured with
the 3D hall probe to check the field repeatability before and after the vacuum
chamber installation.

parameters. The hybrid magnetic configurations consisting of
magnetic blocks and the soft iron poles are used in
these two undulators. The magnetic configuration is anti-symmetric and there are 320 poles with full thickness of 3.5 mm
in one undulator. The pole width is 43 mm but chamfers of 3
mm on the pole tips are designed such that only 37 mm wide
is obtained. The material of the magnet blocks is Shin-Etzu
R32HS with Ni coating and its average remanence is about
1.12 T. The dimension of the magnet block is 65 mm in width,
25 mm in height and 9 mm in thickness with the top corner
cuts for mounting and the bottom corner cuts to reduce the
demagnetizing field. Except for the end magnet holders, there
are two kinds of standard magnet holders. One standard holder
contains two poles and one magnet block between them and another contains only one magnet block. The heights of the poles
can be adjusted so that the field shimming can be performed.
The magic fingers are also used to correct the multipole field
integral errors and are mounted on the end magnet holders.
The support structures of two in-vacuum undulators are also
the C-Frame type configurations. The upper and the lower outvacuum girders are mounted on the frame with two linear guides
and two ball screws and connected with two in-vacuum girders
by 32 suspending rods with bellows and a group of guides fixed
on the out-vacuum girders. This group of guides allows the expanding motion of the girder caused by the temperature change.
The length of each suspending rod can be adjusted accurately by
a thread. A magnetic load compensating spring system is provided to buck the gap dependent magnetic load. A special taper
mechanism allows the undulator operate in tapered mode with
the maximum taper of 0.2 mm. Two stepper motors are used to
drive the gap motion. Fig. 3 shows a photograph of IVU25-1.
The magnetic field measurements were performed with a 3D
Hall probe system and a flipping coil system. The peak field
of 0.95 T was measured for both two undulators at the gap of
7 mm. The shimming for the phase errors and the electron trajectories were performed by adjusting the heights of the poles

Fig. 4. RMS phase errors of two IVU25s calculated from the measured magnetic fields for different gaps.

Fig. 5. Electron trajectories of two IVU25s with gap 10 mm.

and minimizing the dispersion of the field integrals in each half
period [3]. Fig. 4 shows the RMS phase errors calculated from
the measured fields for the different gaps of two undulators. The
maximum RMS phase errors occur at the gap of 10 mm for both
two undulators. Figs. 5 and 6 give the electron trajectories and
the phase errors at poles calculated from the measured fields of
two undulators for the gap of 10 mm. The average orbit off is
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Fig. 6. Phase errors at poles of two IVU25s with gap 10 mm.

less than 1
and the RMS phase errors are less than 3.1 and
2.2 for two undulators respectively.
The specification of two IVU25s required that the multipole
in the region of
field integral errors are less than
. The measurement results of the multipole errors
and the multipoles are summarized in Table III. The on-axis field
integrals are corrected by two correction magnets before and
after the undulators respectively.
Fig. 7 shows the flux spectrum of two IVU25s calculated from
the measured magnetic fields with the beam energy of 3.5 GeV
and current of 300 mA. The ratio of the calculated flux to the
designed flux is larger than 80% for the 11th harmonic.
V. CONCLUSION
Five insertion devices in the Phase-I of SSRF project had been
completed by the end of March, 2009. The commissioning of
these IDs showed that they can meet the specifications of the

257

Fig. 7. Spectrum calculated from the measured magnetic fields of two IVU25s.
The ratio of the calculated flux to the designed flux is larger than 80% for the
11th harmonic.

accelerator and the beamlines. The tunes change too small to be
corrected and the orbit perturbations are corrected against the
gaps for each ID. The spectrum from the commissioning of two
in-vacuum undulators shows that the RMS phase error is not
more than 4 .
Two in-vacuum undulators IVU20s with the smaller gap of
5 mm have been started to build in SSRF and a pair of EPUs
covering the photon energy ranges from 20 eV to 2 keV in the
first harmonic will be start to design and manufacture at once.
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