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Abstract

Background Fourth-generation photon sources like Free Electron Lasers (FEL) and Diffraction-Limited Storage Rings
(DLSR) have high requirements for beam emittance. In the case of DLSR sources, a set of high-performance fast orbit
feedback system (FOFB) is needed to correct the beam orbit quickly and accurately.

Purpose FOFB system has four key components, which is BPM, orbit feedback calculation, fast correction magnet and fast
corrector power supply. The FOFB gives the correction command and controls the fast corrector power supply to drive the
fast correction magnet to correct the beam quickly and accurately. The corrector power supply has an important impact on
the performance of FOFB. The corrector power supply needs to have high bandwidth and low output current ripple.
Methods The new GaN power device is used to solve the restriction of the high-speed switching. The switching frequency of
the power supply is increased to 300 kHz. The control system is designed to improve the bandwidth and optimize the output
current ripple. The modeling analysis of the key parts of the system is given and the simulation experiments are carried out
with MATLAB.

Results and conclusion The test results showed that bandwidth of the designed power supply is 20 kHz. The step response

time is 18us and output current ripple is lower than 1 mA.
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Introduction

Atpresent, the fourth generation of photon sources are mainly
FEL and DLSR [1]. It has high requirements for beam emit-
tance [2-5]. The vibration of foundation and the output noise
of power supply system have a great influence on the beam
stability of photon source [6, 7]. Therefore, it is necessary
to apply a set of high-performance FOFB to correct beam
orbit quickly and accurately. The bandwidth of corrector
power supply has a significant impact on the bandwidth of
the FOFB.

A high bandwidth power supply is designed. In this paper,
the topology of power supply is given. The advantages of
GaN devices in high-speed switching are given and the sim-
ulation model of power supply is established and analysed.
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The simulation prototype is built for test. The bode diagram
and according test curves are given.

Design parameters and system design

The design parameters of the power supply are shown in
Table 1.

The power supply is designed with a single-phase full-
bridge topology and a second-order LC low-pass filter. The
topology design of power supply is shown in Fig. 1.

Key parts analysis

In power design, there are two aspects that have important
effect on the performance of the power supply. They are the
characteristics of load and the characteristics of output low-
pass filter.

For these parts, the transfer function is shown in formulas
(D-2).

The transfer function of load:
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Table 1 Design parameters of high bandwidth power supply

Parameter name Value

Input voltage 220 V@47-53 Hz

Load 10mH@40m<S2

Rated output voltage 90V

Rated output current 18A

Small signal bandwidth 20 kHz @I, < 0.15A
Step response time 40us

Output current ripple 1 mA

The transfer function of second-order low-pass filter:

1
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In the control design, the characteristics of controller have
important effect on the performance of the power supply. In
order to minimize the lag effect of the leading pole introduced
by the load, a PI regulator with compensation is designed as
the system controller. In the controller system design, the
PI controller is used to improve the low-frequency perfor-
mance of the control system. The compensation link is used
to improve the high-frequency performance of the control
system. The structure of controller is shown in Fig. 2. The
transfer function of controller is shown in formulas (3).

The transfer function of controller:

(R3Cr+ 1)(sR1C1+1)
S(SR3C2C3+ Cr+C3)(SR{RyC1 + Ri + Ry)
3
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Power device selection

The designed power supply adopts single-phase full-bridge
hard switching topology. The voltage of DC source is 90 V.
Therefore, considering the voltage spike caused by the
switching process of the power device, the withstand volt-
age selection of the power device is determined as VDS >

Fig. 1 High bandwidth power

By investigating the current mature power devices, the
available types of the power device can be divided into
the following three types: silicon Metal-Oxide—Semicon-
ductor Field-Effect Transistor (MOSFET), silicon Insulated
Gate Bipolar Transistor (IGBT), Silicon Carbide Metal-Ox-
ide—Semiconductor Field-Effect Transistor (SiC MOSFET)
and Gallium Nitride Transistor (GaN HEMT). The silicon
MOSFET has the advantages of low driving power, strong
current turning off ability and fast switching speed. The sili-
con IGBT has the advantages of low on-resistance and large
output current [8]. However, it has low working frequency
than silicon MOSFET. SiC MOSFET has the characteristics
of high withstand voltage and low impedance. SiC MOS-
FET has good reverse recovery characteristics, and the device
can work at high frequency (> 20 kHz) [9-12]. GaN HEMT
belongs to the third-generation wide band gap semiconduc-
tor device. GaN HEMT has the advantages of fast switching
speed, low power loss and low cost [13—15]. The power
devices on sale are selected for comparison. The specific
data are shown in Table 2.

By data comparison, GaN HEMT has the smallest Q. and
therefore has faster switching speed.

The switching performance of silicon MOSFET
(IPP410N30) and GAN HEMT (IGT40R070D1) is sim-
ulated by using the simulation software PSpice. The
parameters of power device simulation are shown in Table
3.

The simulation draw is shown in Fig. 3.

The results of switching performance simulation for dif-
ferent power devices are shown in Fig. 4.

Through data analysis, GaN HEMT (IGT40R070D1) has
better switching performance than silicon power device
(IPP410N30N). Therefore, GaN is used as power device in
this design. The power devices of Infineon are selected as
switching devices (IGT40R070D1). The system switching
frequency is set to 300 kHz.

Simulation experiment

An entire power supply simulation model is built by MAT-
LAB. The simulation analysis consists of two parts. They are
linear analysis and performance test.

300 V, and the output current is 30—45A.
supply topology design
D1
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Fig.2 The structure of controller C3
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Table 2 Design parameters of high bandwidth power supply
Parameters
Names IXGHI120N30C3 IPP410N30N IXFA36N30P3 IMZA65R027M1H IV1Q06040T4 IGT40R070D1
Style Silicon IGBT Silicon MOSFET Silicon MOSFET SiC MOSFET SiC MOSFET GaN HEMT
Vps (V) 300 300 300 650 650 400
Ip (A) 75 44 36 59 58 31
Ron (m€2) TBD 41 110 27 40 70
Qg (nC) 230 30 267 63 110.8 4.5
Table 3 Parameters of power
device simulation Names IPP410N30N IGT40R070D1
Parameters (Silicon MOSFET) (GaN HEMT)
Switching Frequency(kHz) 300 300
Load(€) 10 10
VDS(V) 20 20
Linear analysis Table 4 Parameters of second-order LC LPF
. . . . Parameter name Value
The linear analysis mainly completes the frequency domain
response analysis and gives the bandwidth of the system. 14 LEI&LE 2 5ulH
T}fle sm.1u1;1.t10n6 model is shown in Fig. 5. The Bode curve is 1#CF 68pF
shown in Fig. 6.
. R 2# Lf1&Lf2 0.5uH
The simulation results show that the system has—1 dB
24 Cf 1pF

amplitude attenuation at 20 kHz. The designed system band-
width meets the design requirements.

The parameter simulation of the key second-order LC low
pass filter (LPF) in the system is carried out, and its influence
on the system performance is given. The simulation param-
eters of the 2nd order LC LPF are shown in Table 4. The test
curve of 2nd LC LPF is shown in Fig. 7.

The second-order LC ILPF mainly affects the response.
In the Bode diagram, it affects the turning frequency of the
system, causes the resonance peak of the control system,

and reduces the stability of the system at the resonance peak
frequency.

Performance test
A simulation prototype is built for performance test. The

simulation prototype and power part are shown in Fig. 8.
The parameters of simulation prototype are shown in
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Fig.3 (a) Simulation model of

silicon MOSFET (IPP410N30N),

(b) Simulation model of GaN
HEMT(IGT40R070D1)
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(a) Simulation model of silicon MOSFET(IPP410N30N)
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(b) Simulation model of GaN HEMT(IGT40R070D1)
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Table 5. The control part parameters of simulation prototype
are shown in Table 6.

Step response test Output current of simulation prototype
is set to 0.15A step waveform. The test curve of step response
test is shown in Fig. 9.

After data analysis, the step response time of the simula-
tion prototype is 18.6us.

Bandwidth test Output current of simulation prototype is set
to 0.15A sine waveform. The test curves of bandwidth test

Fig.7 Test curve of 2nd LC LPF

Frequency (Hz)

are shown in Fig. 10. The test data of bandwidth is shown in
Table 7.

The test results show the bandwidth of simulation proto-
type reach 20 kHz.

Output currentripple The test curve of output current ripple
is shown in Fig. 11.

The test results show that the output current ripple is lower
than 1 mA.

Bode Diagram

Magnitude (dB)

—— 2# Parameter
—1# Parameter
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Fig. 8 (a) Simulation prototype
in MATLAB, (b) The power part
of simulation prototype in
MATLAB ] 1
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Table 5 Parameters of simulation prototype Table 6 Parameters of control part
Parameter name Value Parameters (PI link) Value
Input voltage 220 V@47-53 Hz Kp 25
Load 10mH@40m¢$2 Ti 0.015
Rated output voltage 90V Parameters (lead correction link) Value
Rated output current 18A R1 10K
Small signal bandwidth 20 kHz @Iy, < 0.15A Cl1 InF
Step response time 40us
Output current ripple 1 mA
Lf1&Lf2 2.5uH Conclusion
Cf 68pF

Through the simulation analysis of power devices, we know
that GaN HEMT has better switching performance and less
switching loss than silicon power device, which is more
conducive to the design of power circuit. Through the full

@ Springer



416

P.Liuetal.

Amplitude(A)

ofteteo

Amplitude(A)

Amplitude(A)

0.08

0.06

0.04

-
P
S

o

-
P
S

H

-0.06

ofterso

Amplitude(A)

002 0.025 003 0035 004 0045 005
Time(s)

(@

o

0.1

0.2

Iref

| I I | | |

2 25 3 35 4 45 5
Time(s) x10%

| | |

15 2 25 3
Time(s) x10*

@

Fig. 10 (a) bandwidth test-100 Hz, (b) bandwidth test-5 kHz, (¢) bandwidth test-10 kHz, (d) bandwidth test — 20 kHz
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Fig. 11 (a) Output current ripple
test — 0.15A, (b) Output current
ripple test — 18A
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Table 7 Test data of bandwidth test
Output Current Frequency ~ Amplitude Phase delay
(kHz) Atten(dB) ®)
0.1 —0.02 0.9
5 —0.05 2.26
10 -0.19 3.66
20 — 0.86 6.55

simulation experiment of the designed system, the feasibility
of the design scheme is verified, which lays a solid foundation
for the next power design and analysis.
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