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ABSTRACT 

                     This paper presents a new design and development of a high step down transformer less 

single stage single switch ac/dc converter is discussed. The proposed converter is used for stepping down 

the universal line voltage (90-270 Vrms). In experimental set up we obtained 19V output by giving 100V as 

input. Here we have some important features of this topology is that it uses direct power transfer scheme. 

Advantage of this proposed topology is that it uses a single switch for power factor correction and voltage 

regulation. This work in order to reduce the switching loss in normal stage, a soft switching technique is 

implemented. Based on under light load condition this problem is solved by using a buck topology for the 

PFC stage of the single stage single switch converters as it can be completely turned OFF by operating the 

converter only near the zero crossing of the input voltage due to the presence of the dead angle of the input 

current.     

Index Terms: Direct power transfer, Integrated buck-boost converter, power factor  correction, single 

stage transformer less. 

I. INTRODUCTION 

           AC to DC converter is an integral part of 

any power supply unit used in the all electronic 

equipments. Also, it is used as an interface 

between utility and most of the power electronic 

equipments. These electronic equipments form a 

major part of load on the utility. Generally, to 

convert line frequency ac to dc, a line frequency 

diode bridge rectifier is used. To reduce the ripple 

in the dc output voltage, a large filter capacitor is 

used at the rectifier output. But due to this large 

capacitor, the current drawn by this converter is 

peaky in nature. This input current is rich in low 

order harmonics. Also, as power electronics 

equipments are increasingly being used in power 

conversion, they inject low order harmonics into 

the utility. Due to the presence of these 

harmonics, the total harmonic distortion is high 

and the input power factor is poor. Due to 

problems associated with low power factor and 

harmonics, utilities will enforce harmonic 

standards and guidelines which will limit the 

amount of current distortion allowed into the 

utility and thus the simple diode rectifiers may 

not in use. So, there is a need to achieve 

rectification at close to unity power factor and 

low input current distortion. Initially, power 

factor correction schemes have been 

implemented mainly for heavy industrial loads 

like induction motors, induction heating furnaces 

etc., which forms a major part of lagging power 

factor load. However, the trend is changing as 

electronic equipments are increasingly being 

used in everyday life nowadays. Hence, PFC is 

becoming an important aspect even for low 

power application electronic equipments. The 

goal of developing AC/DC converters with 

Isolation and Power Factor Correction (PFC) 

feature in a single power processing stage and 

without a mandatory full-bridge rectifier has for 

years eluded power electronics researchers as 
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shown in Fig.1.1 . Present AC/DC converters 

operated from a single-phase AC line are based 

on conventional Pulse Width Modulation (PWM) 

switching and process the power through at least 

three distinct power processing stages: full-

bridge rectifier followed by boost PFC converter 

and another cascaded isolated full bridge DC/DC 

converter stage. A single stage single switch 

AC/DC converter is an integration of input 

current shaper and a DC/DC cell with a shared 

controller and one active switch. In this paper, an 

integrated buck-buck boost (IBuBuBo) converter 

with low output voltage is proposed. The 

converter utilizes a buck converter as a PFC cell. 

It is able to reduce the bus voltage below the line 

input voltage effectively. In addition, by sharing 

voltages between the intermediate bus and output 

capacitors, further reduction of the bus voltage 

can be achieved. Therefore, a transformer is not 

needed to obtain the low output voltage. To sum 

up, the converter is able to achieve: 

 Low intermediate bus and output 

voltages in the absence of transformer. 

 Simple control structure with a single-

switch. 

 Positive output voltage. 

  High conversion efficiency due to part 

of input power is processed once and 

 Input surge current protection because of 

series connection of input source and 

switch. 

Most of them are comprised of a most of methods 

boost power-factor correction (PFC) cell 

followed by a dc/dc cell for output voltage 

regulation is used. Several such methods are 

shown in references [2]–[6] .But their 

intermediate bus voltage is usually greater than 

the line input voltage and easily goes beyond 450 

V at high-line application. 

 
Fig.1. Block Diagram of AC/DC Converter. 

 

II. PROPOSED 

METHODOLOGY 

          The proposed IBuBuBo converter consists 

of the merging of a buck PFC cell (L1,S1, D1,Co, 

and CB) and a buck boost DC/DC cell 

(L2,S1,D2,D3,Co, and CB) is illustrated in fig.2a. 

Although L2 is on the return path of the buck PFC 

cell, that it does not contribute to the cell 

electrically. Thus L2 is not considered as in the 

PFC cell. Moreover both cells are operated in 

discontinuous conduction mode, so there are no 

currents in both inductors L1 and L2 at the 

beginning of each switching cycle t0. Due to the 

characteristics of buck PFC cell, there are two 

operating modes in the circuit. 

Mode A (vin (θ)≤ VB + VO ): When the input 

voltage vin (θ) is smaller than the sum of 

intermediate bus voltage VB , and output voltage 

VO , the buck PFC cell becomes inactive and 

does not shape the line current around zero-

crossing line voltage , owing to the reverse biased 

of the bridge rectifier. Only the buck–boost dc/dc 

cell sustains all the output power to the load. 

Therefore, two dead-angle zones are present in a 

half-line period and no input current is drawn as 

shown in Figure. 2(b). The circuit operation 

within a switching period can be divided into 

three stages and the corresponding sequence is 

Figure. 3(a),(b), and (f). Figure. 4(a) shows its 

key current waveforms  
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Fig.2. a) IBuBuBo SS AC/DC converter. b) Input voltage 

and current waveforms 

Mode B (vin (θ) > VB + Vo ): This mode occurs 

when the input voltage is greater than the sum of 

the bus voltage and output voltage. The circuit 

operation over a switching period can be divided 

into four stages and the corresponding sequence 

is Figure. 3(c), (d), (e), and (f). The key 

waveforms are shown in Figure. 4(b). 

 
Fig.3. Circuit operation stages of the proposed AC/DC 

converter. 

 
Fig.4. Waveforms of the circuit. 

2.2.UNDER LIGHT LOAD 
                     Switching loss of power 

semiconductors is the major cause of low 

efficiency of single-stage PFC converters under a 

light-load condition. Due to the dead angle of the 

input current of the buck PFC cell, it is possible 

to use this duration to turn OFF the PFC cell to 

reduce the switching loss of power 

semiconductors and the conduction loss of 

passive devices. This section hence explores the 

possibility of reducing the switching loss by 
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different PWM patterns, while maintaining 

output voltage (Vo ) regulation and dc-bus 

voltage (VB ) control. Note that it is common in 

single-stage PFC converters that the bus voltage 

cannot be regulated but only be controlled within 

a certain range due to the lack of an extra control 

device in the simplified converter structure; the 

power MOSFET can achieve only 1-D control 

which is the output voltage regulation. Here 

introduces a possible approach to turning OFF the 

PFC stage in single-switch S2PFC converters 

similar to that in the two-stage approach [1] as 

shown in Fig 5. The idea takes the advantages of 

varying the input voltage and dead angle of input 

current characteristic of the ac/dc converter. The 

buck or buck derived PFC converter inherently 

has such characteristic as there are times during a 

line cycle when the input voltage is smaller than 

the output voltage and the PFC stage is 

effectively turned OFF. 

 

III. OPERATION PRINCIPLE 
Here uses a similar concept to burst mode control 

[1], [2]. But instead of having a random pattern of 

pulses, the proposed light-load power 

management has deterministic patterns of pulses 

as described as follows. There are four distinctive 

PWM patterns to operate the single-stage buck- 

derived PFC converters under a light-load 

condition. In all cases, the output voltage is 

regulated by a voltage-mode controller  

1. The first scheme (M1) does not use any 

specific switching pattern. The converter operates 

at fixed switching frequency and the duty cycle 

reduces when the load decreases. This scheme is 

used as a reference for comparison of the 

proposed power management schemes (M2 

toM4).  

2. The second scheme (M2) operates the 

converter in the zero crossing region of rectified 

input voltage where the buck PFC cell is inactive 

(i.e., Mode A ). Note that the duration of Mode A 

is defined by the voltage conversion ratio and is 

given by arcsin[(Vo + VB)=Vpk] according to 

Fig.2(b) . However, if operating in Mode A only, 

the dc-bus voltage will decrease to zero gradually 

as the charge is taken away from the bus capacitor 

by owing into the buck PFC cell in order to 

charge the bus capacitor. Therefore, in order to 

control the bus voltage, the converter will 

continue to operate and enter Mode B for a short 

duration so that the buck PFC cell is active. 

Hence, the bus capacitor can be recharged to 

maintain its voltage, but at a lower level.  

3. The third scheme (M3) operates the converter 

around the peak input voltage only. Both buck 

PFC cell and buck boost dc/dc cell are in active 

states (i.e., Mode B). Apart from the output 

regulation, with this method, the dc-bus voltage 

is somehow controlled as charging and 

discharging of the bus capacitor occur 

simultaneously.  

4. The fourth scheme (M4) combines the two 

schemes above; the converter operates at both the 

zero crossing and peak input voltage regions. 

 Unlike scheme M2, however, the converter will 

not operate just beyond the dead angle of input 

current except for the region around the peak 

input voltage duration. This method also allows 

for bus-voltage control and output voltage 

regulation. The schemes M2M4 define when the 

converter operates to generate the burst mode 

patterns. For every burst duration, fixed-

frequency PWM pulses are used. The full logic 

function of the proposed three lightload power 

management schemes can be summarized by the 

following boolean equality: 
ENB = RLde_t+ RLdet(VBdet _ VP det + VZdet) (1) 

 
Fig. 5. Converter which combines a buck PFC cell and a 

buckboost DC/DC cell. 

The controller circuit is shown in Fig 6 
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Fig.6. Logic circuit and it’s truth table for zero crossing 

discharge and peak voltage charge. a) Logic circuit. b) 

logic truth table. 

IV. SOFT SWITCHING UNDER 

NORMAL LOAD 
Soft switching the voltage and currents are to be 

varied at different times. In turning on of a device, 

first voltage decreased to zero and then current is 

increased. In turning off of a device, first current 

decreased to zero and then voltage is increased.So 

in soft switching the power loss can be reduced 

because there is no presence of voltage and 

current at the same time during the switching 

operation . 

 
Fig.7. The processes of power semiconductor Device 

Hard Switching. 

 
Figure 8: IBuBuBo SS ac/dc converter With Soft 

Switching 

ZVS-Zero-voltage switching ,Specifically means 

zero-voltage turn-on, i.e., the voltage across the 

device is reduced to zero before the current 

increases. ZCS-Zero-current switching, 

Specifically means zero-current turn-off, i.e., the 

current owing through the device is reduced to 

zero before the voltage increases. In converters 

shown in Fig.9, the resonant capacitor produces a 

zero voltage across the switch, at which instant 

the switch can be turned on or off .A diode Dr is 

inherently connected in antiparallel with the 

switch. The output current io can be assumed to 

be a current of constant magnitude Io during a 

high frequency resonant cycle. Intially the switch 

is conducting iL2 and Vc = 0. Switchis turned on 

and off at zero voltage by the action capacitor 

(Cr) voltage. 

 

V. SIMULATION RESULTS 
The performance of the proposed circuit is 

verified by using MATLAB/ Simulink. To ensure 

the converter working properly with constant 

output voltage, a simple voltage mode control is 

employed. To achieve high performance of the 

converter for universal line operation in terms of 

low bus voltage (< 150V) and high power factor 

, the inductance ratio has to be optimized. The 

lower the bus voltage of the converter, the lower 

voltage rating capacitor (150 V) can be used. 

Specifications 

 output power: 100 W; 

 output voltage: 19 Vdc 

 power factor: > 96%; 
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 intermediate bus voltage: < 150V; 

 line input voltage: 90–270 Vrms/50 Hz; 

 switching frequency (fs ): 20 kHz. 

 M =.4 

 
Figure 9: Simulation Diagram of Integrated Buck-Buck-Boost Converter. 

 

 
Figure 10.a)Input Voltage b)Input Current c)Output Voltage 

of integrated Buck-Buck-Boost. 

 
Figure 11.Current through a) inductor L1 b)inductor L2 

c)capacitoricb d)capacitor ico . 
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Figure12.a)Switching pulse b)Switch current c) Switch voltage 

in soft switching technique under normal load. 

 
Figure13 a)input voltage b)switching pulses. 

 

VI. CONCLUSION 
             Light load efficiency improvement in 

transformerless single stage single switch ac/dc 

converter is obtained by introducing a proper 

control unit and obtained corresponding 

simulation results. I designed a proper PI 

controller for operation of control unit. I 

introduce soft switching techniques in 

transformerless single stage single switch ac/dc 

converter for reducing the switching loss under 

normal application and obtained simulation 

results. I have obtained hardware section of 

transformerless single stage single switch 

converter at high power factor and efficiency. 
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