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Abstract— A new auxiliary circuit for an ac–dc single-stage 

power-factor-corrected (SSPFC) full-bridge-type converter 

is proposed in this paper. The new auxiliary circuit is 

simple, handles low power, and is active only when the 

converter is operating under light load conditions. In this 

paper, the operation of an SSPFC converter is briefly 

reviewed and the main principle behind the auxiliary circuit 

is explained. The new auxiliary circuit is introduced, its 

operation is explained, and its feasibility in a multilevel 

SSPFC is confirmed with experimental results.                     
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I. INTRODUCTION 

SINGLE-STAGE power-factor-corrected (SSPFC) ac–dc 

converters are cheaper and simpler than two-stage 

converters [1], [2]. This is because the ac–dc front-end and 

dc–dc backend converters that form the two stages of a two-

stage converter are combined and just one controller is used 

to regulate the output voltage. Low-power SSPFC 

converters (<200 W) [3]–[7] are widely used in industry, but 

not higher power SSPFC fullbridge converters [8], [9] due 

to problems associated with their operation over an extended 

load range.  

The intermediate dc-bus voltage (the voltage at the 

input of the dc–dc section of an SSPFC converter fed by its 

ac–dc section) is not controlled and can change with input 

line voltage and output loads, which affects its operation 

negatively. This can be limited if the load range is 

constrained, as is done for low power converters, but this 

cannot be done for higher power converters. The result may 

thus be a distorted-input line current, high dc-bus voltage 

levels, and a large amount of ripple in the output inductor 

current. 

A new SSPFC converter that does not have these 

issues was proposed in [10]. This converter (Fig. 1) does not 

expose its primary circuit components to the high voltage 

levels that a two-level SSPFC can because it is a multilevel 

converter. Issues associated with dc-bus voltage variation 

such as excessive dcbus voltages are reduced and converter 

operation is improved. Although the output inductor current 

ripple is less than what is found in other higher power 

SSPFCs, it can be reduced to make it like that of a two-stage 

power factor correction (PFC) converter. 

A new auxiliary circuit which does that is proposed 

in this paper. It is simple and is active only when the 

converter is operating under light load conditions. In this 

paper, the operation of the converter proposed in [10] is 

briefly reviewed, the principle of the new auxiliary circuit is 

explained as its operation, and its feasibility in a multilevel 

SSPFC is confirmed with experimental results. 

II. CONVERTER OPERATION 

The converter shown in Fig. 1 integrates ac–dc boost PFC 

into a three-level dc–dc converter. Equivalent circuit 

diagrams that show its modes of operation for a half cycle 

are shown in Fig. 2 with the diode rectifier bridge output 

replaced by a rectified sinusoidal source. When switches S1 

and S2 are ON [Fig. 2(a)], energy from dc-bus capacitor C1 

is transferred to the output load. When switch S1 is turned 

OFF [Fig. 2(b)], the converter current freewheels in the 

converter primary and secondary and energy stored in Lin 

during the previous mode is completely transferred into the 

dc-bus capacitor. This mode ends when the current in Lin 

reaches zero. The converter remains in a freewheeling mode 

[Fig. 2(c)] until S2 is turned OFF [Fig. 2(d)] and the primary 

current charges capacitor C2 through the body diodes of S3 

and S4. This mode ends when switches S3 and S4 are 

switched ON. For the remainder of the switching cycle, the 

converter goes through the modes as shown in Fig. 2, but 

with S3 and S4 ON instead of S1 and S2.  

The PFC is performed by using auxiliary windings 

taken from the main transformer that acts like a switch. 

Whenever a combination of S1 and S2 or S3 and S4 is ON, 

a voltage is induced in the windings that cancels out the dc-

bus voltage and allows current to flow through one of the 

auxiliary diodes. This is analogous to the input current rising 

in a conventional ac–dc boost PFC converter. Whenever the 

converter is in a freewheeling mode of operation, the 

voltage across the main transformer winding and thus the 

auxiliary windings is zero and there is no cancellation of the 

dc-bus voltage. This is analogous to the input current falling 

in an ac–dc boost PFC converter.  

It should be noted that the converter is designed so 

that the input current is discontinuous to allow input PFC to 

take place. The reader is referred to [10] for more detail, 

III. EFFECT OF OUTPUT INDUCTOR ON DC-BUS AND OUTPUT 

RIPPLE 

The dc-bus voltage in SSPFC converters is uncontrolled and 

dependent on the energy equilibrium that must exist at the 

dc-bus capacitor—the amount of energy or charge fed into 

this capacitor must be equal to that removed from it during a 

half-line cycle [8]. This energy is dependent on the current 

flowing in and out of the bus capacitor, which is, in turn, 

dependent on the input and output inductor currents.  

The output inductor current of an SSPFC full-

bridge converter can be in the continuous conduction mode 

(CCM), or the discontinuous conduction mode (DCM), 

depending on the output inductor value and the load. 

Moschopoulos et al. [8] show that varying the output 

inductor (but keeping all the other parameters fixed) does 

not seem to have an effect on the dc-bus voltage for higher 
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output loads when the output inductor current is in CCM, 

but does at lower output loads when it is in DCM. The same 

paper also shows that the dc-bus voltage rises as the load is 

reduced when the output inductor is in CCM, but remains 

fixed when it is DCM. Ideally, the output inductor of an 

SSPFC converter should be large enough for the output 

current to be in CCM for heavy loads and small enough to 

be in DCM for light loads, but these two criteria cannot be 

met by a single output inductor. As a result, SSPFC 

converters are designed so that their output inductor is 

small, to ensure that the output current is in DCM for light 

loads, which keeps the intermediate dc-bus voltage from 

rising to excessive values.  

 
Fig. 1: Single-Stage three-level ac-dc Converter [10] 

The main drawback to this approach is that the 

output inductor current has a large ripple when the converter 

is operating with heavy loads. Although the converter shown 

in Fig. 1 can be designed so that its output current has less 

ripple than other SSPFC converters, the basic issue of 

conflicting output inductor criteria remains. 

IV. OPERATION OF THE AUXILIARY CIRCUIT 

The auxiliary circuit shown in Fig. 3 is proposed to address 

the issue of conflicting output inductor criteria. It is attached 

to the output of the SSPFC converter shown in Fig. 1, and 

consists of a MOSFET, a small inductor Lo2 (much smaller 

than main inductor Lo1), and a blocking diode that blocks the 

body-diode of the MOSFET. It is inactive unless the dc-bus 

voltage tries to exceed a certain preset level. It is only then 

that the auxiliary. 

MOSFET is turned ON so that the small auxiliary 

inductor is placed parallel to Lo1. What this does is that it 

reduces the net inductance at the output so that most of the 

output current flows through Lo2. This makes the output 

inductor current discontinuous, which ensures that the dc-

bus voltage does not rise to an excessive level. If the load is 

increased at some later time, then. 

1) There is no need for Lo2 as the dc-bus voltage is 

unlikely to become excessive. 

2) There is need for Lo1 to be in the converter to avoid 

high output current ripple 

 
Fig. 2: Modes of operation. (a)Mode1 (t0 < t < t1). 

(b)Mode2 (t1 <t<t2). (c) Mode3 (t2 < t < t3). (d) Mode4 (t3 

< t < t4). 

In this case, the auxiliary switch is OFF and all the 

output current flows through Lo1. It should be noted that the 

Sx switch is a low voltage and a low-frequency switch as it 

is just a ―setting‖ switch (light-load setting or heavy-load 

setting) so that its switching losses are negligible. The 
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gating signal for Sx can be generated in any number of 

ways. For this paper, the authors have used a crude method 

whereby the dc-bus voltage is sensed and fed to two 

comparator circuits with preset upper and lower voltage 

references, with the output of each circuit fed to an edge-

triggered flip-flop with the other. If the dc-bus voltage 

exceeds the upper voltage limit, then the output of one flip-

flop is used to generate an ON gating signal for Sx. If the dc-

bus voltage becomes less than the lower voltage limit, then 

the output of the other flip-flop is used to generate an OFF 

gating signal for Sx. Some form of hysteresis can be used to 

keep the gating signal of Sx from jittering. The effect of 

having different output inductor values on the dc-bus 

voltage can be seen in Fig. 4, which is a graph of dc-bus 

capacitor voltage (half of the dc bus voltage for the 

converter in Fig. 1) versus output inductor value for a 

converter operating with input voltage Vin = 265 Vrms, 

output voltage Vo = 48 V, switching frequency fsw = 50 

kHz, Lin = 35 μH, maximum output power Po = 1000 W, a 

1:2 auxiliary transformer ratio, and a main transformer ratio 

was 2.5:1. It can be seen that: 1) it does not matter what the 

output inductor is if the output current is in CCM; and 2) the 

larger the output inductor is, the larger the dc-bus voltage is 

for light load conditions when the output inductor current is 

in DCM. Although a 50-μH inductor may be suitable to 

reduce output current ripple when the converter is operating 

with heavy loads, it is not suitable when the converter is 

operating with lighter loads. If the converter shown in Fig. 3 

is implemented with Lo1 = 50 μH and Lo2 = 15 μH and it is 

desired that the voltage across a dc-bus capacitor does not 

exceed 420 V, then, according to Fig. 4, auxiliary switch Sx 

should be turned ON when the load decreases to about 70% 

of the full-load and the dc-bus voltage starts to be greater 

than 420 V. Doing so parallels the Lo2 = 15 μH with Lo1 so 

that the equivalent inductor at the output decreases to about 

11.5 μH. It should be noted that the values of Lo1 (= 50 μH) 

and Lo1 in parallel with Lo2 (= 11.5 μH) are considerably 

higher than the output inductor values that have been 

reported for other SSPFC full-bridge converters such as [8]–

[10]. For the design of the controller, it is recommended that 

it is designed for heavy load continuous current mode 

(CCM) operation since if the converter is stable for this 

mode, then it will be stable when it is operating with light 

loads. It should be noted that the inclusion of the auxiliary 

circuit in the converter may reduce light load efficiency, 

depending on how it is implemented and the devices used. 

This is a tradeoff when considering the advantages of the 

 
Fig. 3: Proposed single-stage three-level ac-dc converter and schematic of control circuit 

proposed approach for heavy load operation—loads that are 

impractical for previously proposed single-stage converters. 

If a single-stage ac–dc single controller converter is needed 

for lighter loads, then previously 

 
Fig. 4: effect of output inductor value Lo on dc-bus 

capacitor voltage 

proposed converters of the same type are fine. Fig. 

5 shows waveforms of the auxiliary switch gating signal, the 

auxiliary switch inductor current ILo2, and the main output 

inductor current ILo1. Fig. 5(a) shows the waveforms for a 

number of switching cycles, whereas Fig. 5(b) and (c) shows 

the same waveforms for just a few cycles. In Fig. 5(a), 

waveforms show the heavy load (1000 W) to light load (650 

W) transition and the light load to heavy load transition, 

whereas in Fig. 5(b) and (c) waveforms show the light load 

to heavy load transition on a reduced time scale. The 

following should be noted. 

1) In Fig. 5(a), the main output inductor conducts the full 

heavy load current, then conducts the full light load 

current after the load has changed. After sometime, the 

auxiliary switch is turned ON so that the auxiliary 

inductor conducts most of the heavy load current and 

the main output inductor conducts the remaining 

current. The load is eventually changed so that the 

auxiliary inductor conducts the heavy load current for a 

short period of time until the auxiliary switch is turned 
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OFF and the main inductor conducts the full heavy load 

current. 

2) There are numerous ways in which the sensing needed 

to turn the auxiliary switch ON or OFF in an 

appropriate manner can be implemented. For the 

waveforms shown in Fig. 5, the auxiliary switch is 

turned ON when the dc-bus voltage has hit a certain 

upper threshold voltage and turned OFF after an 

increase in load has caused the dc-bus voltage to falls to 

a certain lower threshold voltage. The voltage is sensed 

and then fed to a comparator with hysteresis to generate 

an appropriate gating signal. More sophisticated sensing 

can be used to provide additional information to the 

auxiliary switch so that it turns OFF with zero current 

flowing through it and excessive peak currents are 

avoided in the switch, as explained in the following 

notes. 

 
Fig. 5: Gating signal auxiliary inductor current /Lo2 and main inductor current /Lo1. (a) Heavy load to light load transition 

and light load to heavy load transition. (b) Light load to heavy load transition. (c) Light load Condition 

 
3) The auxiliary switch current is discontinuous and falls 

to zero before the end of each half switching cycle so 

that there is opportunity to turn the switch OFF when 

there is no current flowing through it, as shown in Fig. 

5(c). This can be ensured either by current sensing 

(monitoring the auxiliary switch current so that the 

switch is turned OFF when no current is flowing 

through it after there is indication that the converter has 
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changed to heavy load operation) or by design with 

simple logic (triggering a rising edge monostable 

whenever the converter  makes a transition to an energy 

transfer mode that forces the auxiliary switch to stay on 

until its current has fallen to zero and there is indication 

that the converter has changed to heavy load operation). 

The second approach was used for the waveforms in 

Fig. 5, but any current sensing approach that is similar 

to what is used in zero-current switching converters and 

synchronous rectifiers to determine whether devices 

should be turned ON or OFF can be used. 

4) There is a rise in current in the auxiliary switch just 

after the load has been changed from light to heavy. For 

a short period of time, until it is detected that that the 

converter is operating with a heavy load and the 

auxiliary switch is turned OFF, heavy load current 

flows through the auxiliary switch. Since this happens 

for a very short period of time, it has little effect on the 

root-mean-square (rms) current, but does impact the 

peak current stress. There are several ways to deal with 

this situation, including just letting it be as it is for a 

short period of time, slowing down the transient 

response to minimize the overshoot, or using more 

sophisticated current sensing to limit the amount of time 

that the auxiliary switch is conducting heavy load 

current or even to limit the peak current that can flow 

through the switch (i.e., by turning OFF appropriate 

primary switches to put the converter in a freewheeling 

mode). For the waveforms presented in Fig. 5, the 

auxiliary switch is allowed to conduct heavy load 

current for a few cycles just to highlight this issue. 

5) For most higher power single-stage ac–dc converters 

operating with a single controller, the auxiliary circuit 

inductor value, which is smaller than the main output 

inductor value, is a typical value found in previously 

proposed converters of the same type. In other words, in 

previously proposed converters, the output inductor 

current under steady-state operating conditions is 

discontinuous with very high peaks. In the proposed 

converter, such extreme peak currents occur for only a 

very short period of time and are a part of steady-state 

operation. 

V. EXPERIMENTAL RESULTS 

A prototype of the proposed converter was built to confirm 

its feasibility. The prototype was designed according to the 

following specifications: input voltage Vin = 90 − 265 

Vrms, output voltage Vo = 48 V, maximum output power Po 

= 1000 W, and the switching frequency fsw = 50 kHz. The 

main switches were IRFP27N60KPbF, and the diodes were 

UF1006DICT. The components were Lin = 35 μH, Lo1 = 50 

μH, Lo2 = 15 μH, and C1, C2 = 2200 μF. The auxiliary 

transformer ratio was 1:2 and the main transformer ratio was 

2.5:1. The auxiliary switch was IPP120N20NFD [200 V, 

Rds(on) = 12 mΩ]. Typical waveforms are shown in Fig. 6. 

Fig. 6(a) shows voltage waveforms of the top switches; they 

show that there is reduced voltage stress across the switches 

as the voltage is limited to half the dc-bus voltage. Fig. 6(b) 

shows the voltage across the primary side of the main 

transformer, which looks like that of a standard full-bridge 

converter. Fig. 6(c) shows the input voltage and input 

current before filtering; it can be seen that the input current 

has no deadbands. Fig. 6(d) and (e) shows the current ripple 

for heavy load when auxiliary switch is Sx is OFF and light 

load when Sx is ON. It can be seen that the converter can 

operate with low current ripple under 

 
Fig. 7: MATLAB based simulation diagram for proposed converter 

heavy load conditions. The ripple of the output inductor 

current is about 2.5% when the output inductance is 50 μH 

and about 10% when the output inductance is 11.5 μH. It 

should be noted that the operation of the auxiliary circuit 
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under lighter load conditions reduces the efficiency of the 

converter by about 1% compared to what was reported in 

[10] where the converter was implemented with almost the 

same output inductor, but without the auxiliary circuit. This 

is because of the conduction losses of the auxiliary switch 

and auxiliary diode that are caused when current flows 

through them after the circuit has been activated. When the 

auxiliary circuit is not activated, the efficiency of the 

converter is the same as that of the converter in [10]. The 

auxiliary circuit, however, does allow the converter to 

operate with significantly less output inductor current ripple 

than is possible without the auxiliary circuit and with 

improved heavy-load performance, when it is considered 

that the auxiliary circuit is not active when the converter is 

operating under heavy load conditions. There is, therefore, a 

tradeoff between light-load and heavy-load performance that 

should be taken into account when considering 

implementing the proposed auxiliary circuit to a single-stage 

converter. Fig. 6(f) shows the transient response of the 

converter before and after the auxiliary circuit has been 

activated. This figure shows that when the output load 

changes from full load to 40% of the full load at t = 0.5 s, 

the voltages of the dc-bus capacitors increase, as explained 

in Section IV. When this voltage reaches 420 V, the 

auxiliary circuit is activated to keep this voltage to be less 

than 420 V. Both dc-bus capacitor voltages are shown in 

Fig. 6(f) and that they are identical due to a voltage 

balancing circuit that was used. Details of this voltage 

balancing circuit can be found in [10]. 

VI. MATLAB SIMULATION RESULTS 

Fig.7. Stands for the complete design of the proposed closed 

loop control of a three-level converter with improved output 

characteristics ac-dc converter with masked blocks in 

MATLAB SIMULINK environment 

 
Fig. 8: Simulation result of proposed converter output 

voltage DC output voltage = 48v 

Fig.8.shows the output from the converter 48v. hence the 

proposed closed loop ac-dc single-stage full-bridge 

converter with improved output characteristics compared 

with the single-stage three-level ac-dc converters 

VII. CONCLUSION 

A new auxiliary circuit was proposed in this paper to reduce 

the amount of output inductor current that can exist when a 

SSPFC full-bridge converter is operating under heavy load 

conditions. The new auxiliary circuit is simple and is active 

only when the converter is operating under light load 

conditions. In this paper, the operation of a higher power 

SSPFC full-bridge converter was briefly reviewed, the main 

principle behind the auxiliary circuit was explained as was 

its operation and its feasibility was confirmed with results 

obtained from an experimental prototype of a multilevel 

SSPFC that was previously proposed by the authors. 

The following should be noted. 

1) Although the auxiliary circuit was implemented on the 

SSPFC proposed in [10], it can be implemented on any 

other SSPFC that operates with a single controller, as 

the principles of dc-bus voltage and output inductor 

ripple are the same for all SSPFC. As a result, similar 

output inductor current ripple improvement can be 

achieved regardless of the original SSPFC converter on 

which the proposed auxiliary circuit is implemented. 

2) The auxiliary circuit inductor need not be a bulk 

inductor and can be small, given that the output voltage 

and the voltage across the output inductor is small—in 

the range of tens of volts. 

3) It is a common practice to implement power converters 

with auxiliary circuits to improve their performance. 

Perhaps the most common use of such circuit is in 

singleswitch dc–dc and ac–dc boost converter to reduce 

the turn-ON or turn-OFF losses of the main power 

switch [11], [12]. The proposed auxiliary circuit can be 

smaller than many such circuits, which can be quite 

sophisticated, as it contains just three components that 

are exposed to low voltages. 
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