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large power loss in the primary side [9]-[12], which degrades 
the efficiency of the server power supply over all the load 
conditions [9]-[11]. First, since the switch (QSTB) in the 
flyback converter suffers from high voltage stress and hard 
switching operation, QSTB causes a large switching loss. 
Second, the primary RCD snubber results in a large power loss 
due to high voltage stress and additional voltage spike caused 
by the resonance between the leakage inductor of the 
transformer (Llkg) and the output capacitor of QSTB (COSS-QSTB). 
Furthermore, it has a large transformer because of the dc-
offset magnetizing current in the transformer [13]. Therefore, 
the flyback converter also degrades the power density of the 
server power supply. 

For those reasons, many approaches have been proposed to 
improve the efficiency and power density of the flyback 
converter [9]-[12]. In [9], the secondary side of the flyback 
converter was integrated into that of a multi-output PSFB 
converter with one additional switch. This method regulated 
VSTB through the operations of the PSFB converter and the 
additional switch instead of the primary side of the flyback 
converter. Thus, it eliminated the power loss caused by the 
primary side of the flyback converter. However, the method 
proposed in [9] caused additional conduction loss in the PSFB 
converter so it has limitations in achieving a high-efficiency 
server power supply. Moreover, in the standby mode, since 
VSTB needs to be regulated without the operation of the PSFB 
converter, this structure still has to utilize the primary circuit 
and large transformer of the flyback converter. Thus, this 
approach degrades the power density and increase the cost due 
to the large transformer and the additional switch. In [10], the 
primary side of the two-switch flyback converter was 
combined with that of the PSFB converter by sharing the 
lagging leg switches of the PSFB converter. In the normal 
mode, the structure proposed in [10] achieved high efficiency 
by removing the RCD snubber loss and obtaining the ZVS 
operation of primary switches without additional components. 
However, this structure also increases the conduction loss of 
the PSFB converter and still has a large transformer of two-
switch flyback converter, which results in a low power density. 
Next, in [11], the output of the flyback converter was merged 
with that of the PSFB converter using an ORing diode. In the 
normal mode, since the PSFB converter that is highly efficient 
is only used to regulate VO and VSTB, the power loss of the 
primary side in the flyback converter can be eliminated. 
However, this structure cannot eliminate any component of the 
flyback converter to provide VSTB in the standby mode. 
Furthermore, two additional diodes are required to integrate 
outputs of the flyback converter and PSFB converter. Above 
all, this structure can only be applied to applications requiring 
the same VO and VSTB. Meanwhile, another study focused on 
the flyback converter itself. In [12], the resonant operation was 
applied to the flyback converter to achieve the soft switching 
operation of the primary switch. That approach increased the 
switching frequency with a small switching loss, which 
enabled the flyback converter to reduce its transformer size. 
However, the structure proposed in [12] also requires an 
additional diode and has the RCD snubber loss and switching 
loss. 

Meanwhile, to achieve high efficiency and high power 
density, integrating the boost PFC converter and flyback 

converter can be also good approach [14]-[16]. In [14], the 
boost PFC and flyback converters were integrated to eliminate 
the flyback switch. Moreover, the converter proposed in [14] 
reduced the RCD snubber loss by adopting lossless snubber. 
However, it suffers from the hard switching operation and 
requires two magnetic cores and additional diode, which 
results in a low efficiency and low power density. The 
converter proposed in [15] achieved high power density by 
eliminating one magnetic core. In addition, it obtained the soft 
switching operation of all switches without additional 
components. Nevertheless, this converter has limitation in 
obtaining high efficiency because it requires small boost 
inductance to achieve the soft switching operation. Above all, 
the converters proposed in [14] and [15] cannot be applied to 
the server power supply because they are not able to regulate 
VO and VSTB, simultaneously. Meanwhile, the converter 
proposed in [16] can regulate VO and VSTB despite of the 
integration. Besides, by combining the active snubber inductor 
and flyback transformer, it minimized the switching loss of the 
boost PFC stage and losses of the active snubber cell, which 
leads to high efficiency. However, this approach still has to use 
two magnetic core and RCD snubber. Moreover, it requires 
active snubber cell composed of a diode and switch to obtain 
the soft switching operation. Therefore, the converter 
proposed in [16] also has a limitation in achieving a high 
power density. 

In this paper, a new standby structure is proposed to achieve 
a high-efficiency and high-power-density server power supply. 
The proposed standby structure can be effectively derived by 
integrating the primary side of the flyback converter with the 
boost PFC converter. The proposed standby structure has three 
desirable features that make it superior to the conventional 
standby structure, which is composed of the boost PFC 
converter and flyback converter. First, since the boost PFC 
converter is used as the primary side of the flyback converter, 
the proposed structure relieves high voltage stress and 
eliminates the RCD snubber. Second, the transformer of the 
flyback converter is able to be removed by integrating it with 
the boost inductor. Finally, the proposed structure achieves the 
soft switching operation of the boost PFC converter through 
the interaction of the integrated structure of the boost PFC and 
flyback converters. As a result, the proposed structure 
achieves high efficiency and high power density for the server 
power supply without any additional components. The 
analysis, design consideration, and experimental results of the 
proposed structure are discussed in the following sections. 

II. ANALYSIS OF PROPOSED STANDBY STRUCTURE 

A. Circuit configuration 

Fig. 3 shows the circuit diagram of the conventional 
standby structure. This figure shows that the boost PFC 
converter is used for the PFC stage, and it is composed of an 
input filter capacitor (Cin) for EMI noise, a boost inductor (LB), 
a boost switch (QB), and a link capacitor (CLink). Moreover, the 
synchronous rectifier switch (QS) can be used in place of the 
SiC diode due to the advancement of wide-band gap devices, 
such as SiC MOSFET and GaN FET, which results in higher 
efficiency by reducing the conduction loss [17]-[18]. Next, in 
the standby stage, the flyback converter is used and it consists 
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