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Abstract 
A novel high-step-down corrector magnet power supply 

is designed for use in Taiwan Photon Source (TPS). The 
TPS booster ring, transfer line, and storage ring correction 
magnet power supply have more than 950 units, and the 
power consumption must be examined to improve the cor-
rector power supply’s efficiency and voltage gain ratio. 
This corrector magnet power supply is integrated with an 
isolated transformer and switched capacitor technology. In 
this work, the input voltage is 400 V via the proposed con-
verter transfer, with a low output voltage of 48 V being 
supplied to the bulk power of the corrector magnet. Iso-
lated transformer and switched capacitor technologies are 
integrated to achieve a high conversion ratio without an ex-
tra duty cycle. The output voltage ripple is reduced because 
the input current is rendered continuous by switch capaci-
tor technology. Isolated transformer technology is applied 
for the inductor coil turns ratio to obtain high-voltage step-
down gain. Additionally, a passive clamp circuit is used for 
energy recovery by the leakage inductor energy of the cou-
pled inductor. Therefore, converter efficiency can be im-
proved, and high-voltage step-down gain can be obtained. 
The continuous conduction mode and formula derivation 
are discussed. A 960 W high-efficiency and high-voltage-
gain DC–DC step-down converter is simulated in a labor-
atory. The simulation results verify the performance of the 
proposed converter. 

INTRONDUCTION 
Taiwan Photon Source (TPS) should be installed with 

1,032 sets of corrector magnet power supply for booster 
and storage ring correction magnets. Currently, the correc-
tion power supply mainly uses DC–DC converter architec-
ture technology and a phase-shift full-bridge converter 
with current doubling technology to transfer energy to the 
magnet. This circuit must adopt multiple switches and gen-
erate a high voltage stress caused by high switching losses 
in the switch. The power loss directly affects the tempera-
ture of the main board even when a large heat sink is used 
in the main switch. A variation in the temperature of the 
corrector power supplies leads to a jetted long-term beam 
stability of the light source because the long-term stability 
of power supplies is a key point in achieving sufficient sta-

source. Normally, the phase-shift full-bridge technical ef-
ficiency of corrector power supplies is less than 95% 
[1],[2]. 

The front part of this power supply requires 48 V of bulk 
voltage. The Taiwan Synchrotron Radiation Research Cen-
ter spent 100 million US dollars to build solar modules. 
The solar cells purchased by TYNSOLAR Co., Ltd., are 
composed of single crystal silicon modules. The maximum 
power of the TYNS62610290 module is 290 w, the open 
circuit voltage is 39.54 V, and the 10 modules are con-
nected in series to reach 2.9 kW of maximum power and 
395.4 V of maximum input voltage for the bulk converter. 
In this study, the design of high-step-down circuits was de-
veloped within the TYNSOLAR photovoltaic module of 
the corrector magnet bulk converter. Many previous stud-
ies have examined high-step-down converter technologies, 
such as switched capacitor technology [3],[4], coupled in-
ductor technology [5], and isolated transformer technology 
[6]. However, high transient current and increased conduc-
tion loss in the power switch reduce the converter effi-
ciency in switched capacitor technology. High voltage 
spike in the power switch reduces converter efficiency 
when the leakage inductor of the transformer is coupled 
with inductor technology. Therefore, this work combined 
an isolated transformer and switched capacitor technology 
to achieve a high step-down ratio without an extra duty cy-
cle. Section II discusses continuous conduction mode 
(CCM) operation and presents a steady-state analysis. Sec-
tion III introduces the result of the simulation software
Simplis for the proposed converter. The conclusions are
provided in Section IV.

OPERATION PRINCIPLE OF THE PRO-
POSED CONVERTER 

Figure 1 shows the proposed isolated transformer and 
switch capacitor buck converter. In the red block, it is a 
conventional step-down circuit with switch capacitor tech-
nology, it consists of a capacitor in series with the second-
ary winding, and two diodes and output capacitors. The 
isolated transformer technology is shown in the blue block, 
both coupled winding have turn ratios of is Np: Ns = 3:1. Lm 
and Lk are the magnetizing and leakage inductors. Passive 
clamp circuit is shown in the green block, it consists of a 
clamp capacitor and two diodes, energy of leakage inductor 
will be recycled to clamp capacitor and voltage stress of 
main power switch can be reduce.  

bility that is required to provide a stable beam in the light
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Figure 1: Proposed Converter Equivalent Circuit. 

Figure 1 shows the proposed isolated transformer and 
switch capacitor buck converter. The red block denotes a 
conventional step-down circuit with switch capacitor tech-
nology. It consists of a capacitor in series with the second-
ary winding and two diodes and output capacitors. Isolated 
transformer technology is shown in the blue block. The 
coupled windings have turn ratios of Np: Ns = 3:1. Lm and 
Lk are the magnetizing and leakage inductors. A passive 
clamp circuit is shown in the green block, and it consists of 
a clamp capacitor and two diodes. The energy of the leak-
age inductor is recycled to the clamp capacitor, and the 
voltage stress of the main power switch can be reduced.  

CCM has five operation stages. The control principle for 
the proposed converter is as follows: the main power 
switch is turned on in stages I and IV and turned off in 
stages II–IV. Figures 2(a)–2(e) show the operation stages. 
Stages II, III, and V present a short switching period and 
are thus ignored to simplify the steady-state analysis. 

Stage I: The main power switch is turned on, and the 
equivalent circuit is shown in Fig. 2a.  The PV high-voltage 
source and a magnetizing inductor supply energy to switch 
capacitor C2 via isolated transformer and diode D3. The 
leakage magnet iLk and magnetizing inductor current iLm in-
crease linearly, and the clamp circuit of capacitor C1 re-
leases energy to low-voltage output capacitor Co2. This 
stage ends when the power switch is turned off.  

Stage II: The main power switch is turned off, and the 
equivalent circuit is shown in Fig. 2b. The PV high-voltage 
source and a magnetizing inductor supply energy to switch 
capacitor C2 via isolated transformer and diode D3 and par-
asitic capacitor Cds of the main power switch S. This stage 
ends when the parasitic capacitor Cds energy becomes fully 
charged.  

Stage III: The main power switch is turned off, and the 
equivalent circuit is shown in Fig. 2c. The PV high-voltage 
source supplies energy to magnetizing inductor, clamp ca-
pacitor C1, and switch capacitor C2 via diode D3. This stage 
ends when the voltage of capacitor C2 is equal to the volt-
age of output capacitor Co1.  

Stage IV: The main power switch is turned off, and the 
equivalent circuit is shown in Fig. 2d. The PV high-voltage 
source and magnetizing inductor supply energy to clamp 
capacitor C1 via diode D1. Secondary winding and capaci-
tor C2 release energy to output capacitor Co1 via diode D4. 
This stage ends when the main power switch is turned on.  

Stage V: The main power switch is turned on, and the 
equivalent circuit is shown in Fig. 2e. The PV high-voltage 
source, magnetizing inductor, and switch capacitor C2 re-
lease energy to output capacitor Co1 via diode D4. The 
clamp circuit of capacitor C1 releases energy to low-volt-
age output capacitor Co2. This stage ends when the second-
ary winding current is released energy to empty.  

 (a)     (b) 

  (c)    (d) 

       (e)     
Figure 2: Operating stages (CCM) of  proposed  converter 
a Stage I,  b Stage II, c Stage III, d Stage IV,  e Stage V. 

SIMULATION  RESULT OF PROPOSED 
CONVERTER 

A 960W proposed converter is simulated, and its speci-
fications are as follows: 

Input DC voltage ௜ܸ௡: 400 V; 
Output DC voltage ௢ܸ: 48 V; 
Maximum output power: 960 W; 
Switch frequency: 50 kHz; 
Main switch: Ideal; 
Diodes (D1 ~ D4): Ideal; 
Capacitors: C1, Co2: 100 μF, C2: 20 μF, Co1: 220 μF. 
Transformer: Np: Ns = 3:1,   ܮ௠ = 33 μH. 
This section shows the simulation experiment on voltage 

and current waveforms. Figure 3 presents the primary 
winding leakage magnetizing current, secondary winding 
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inductor current, and gate-to-source voltage of the main 
power switch at full loading. Leakage magnet iLk and mag-
netizing inductor current iLm increase linearly, and the sec-
ondary inductor current does not have zero current when 
the main power switch is turned on. Figure 4 shows all of 
the diode currents and gate-to-source voltages of the main 
power switch. The PV high-voltage source and magnetiz-
ing inductor supply energy to switch capacitor C2 via iso-
lated transformer and diode D3, and capacitor Co2 charges 
energy by capacitor C1 via diode D2 when the main switch 
is turned on. Diodes D1 and D4 are turned on when the main 
switch is turned off. Figure 5 shows the current and voltage 
of output loading. The output current is 20 A, and the out-
put voltage is 48 V. 

Figure 3:  Simulation  waveform of vgs, iLk, and is under 
full-load Po = 960 W. 

Figure 4:  Simulation  waveform of vgs, id1, id2, id3 and id4 
under full-load Po = 960 W. 

Figure 5:  Simulation waveform of vo, and io under full-
load Po = 960 W. 

CONCLUSION 
This study successfully simulated a high-efficiency and 

high-conversion-ratio isolated DC–DC converter with a 
switch capacitor and isolated transformer technology. The 
input source was photovoltaic, and the output loading was 
corrector magnet bulk power. The input voltage was 400 V 
and decreased to the output voltage of 48 V, 20 A. The max-
imum output power was 960 W. This proposed converter 
uses an isolated transformer and switch capacitor to obtain 
a high step-down voltage gain. The clamp circuit has a 
clamp diode, and the clamp capacitor can recover energy 
by using the leakage inductor. Therefore, the voltage stress 
on the main power switch can be reduced, and components 
with low voltage stress were selected. Finally, Simplis sim-
ulation software was used to verify the proposed circuit’s 
architecture. 
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