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Abstract— AC-DC converters are widely used in many 

industrial applications for electrical power conversion such 

as for telecom equipment, electric vehicles, information 

technology equipment, power systems and space power 

systems power systems based on renewable energy 

resources. Conventional AC-DC converters generally have 

two conversion stages, an AC-DC stage that operates with 

some sort of power factor correction to ensure good power 

quality at the input, and a DC-DC conversion stage takes the 

output of the AC-DC converter which is DC and converts it 

to the desired output DC voltage. Due to the cost of having 

two separate and independent converters, This paper 

proposes a single power-conversion ac–dc converter with 

high power factor. The proposed converter is dsigned by 

integrating a full-bridge diode rectifier and dc–dc converter. 

The proposed converter provides single power-conversion 

by using the novel control algorithm for both power factor 

correction and output control. Also, the active-clamp circuit 

clamps the surge voltage of switches and recycles the energy 

which is  stored in the leakage inductance of the 

transformer. This converter provides maximum power factor 

0.93.The operation principle of the converter is analyzed 

and verified. Experimental results for a 15 W ac–dc 

converter are obtained to show the performance of the 

proposed converter. 
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I. INTRODUCTION 

The ac–dc converter consists of a full-bridge diode rectifier, 

a dc-link capacitor and a high frequency dc–dc converter. 

These converters absorb energy from the ac line only when 

the rectified line voltage is higher than the dc- link voltage. 

Therefore, these kinds of converters have a highly distorted 

input current, results a large amount of harmonics and a low 

power factor. To solve the problem of  harmonic pollution 

caused by ac–dc converters, a number of  power factor 

correction (PFC) ac–dc converters have been proposed and 

developed [2]. 

The PFC ac–dc converter can be implemented by 

using two power-processing stages. The PFC input stage is 

used to obtain high power factor along with a constant dc-

link voltage. Most PFC circuits employ the boost converter 

[3].  

 The output stage, which is a high frequency dc–dc 

converter, gives a desired output. Two power-processing 

stages requires each control circuit consisting of gate drivers 

and those controllers. The PFC ac–dc converter can be 

categorized into two types: two-stage ac–dc converters [4] 

and single stage ac–dc converters [5].  

 Two-stage ac–dc converters consist of two power-

processing stages with their respective control circuits. 

However, two-stage ac–dc converters raise power losses and 

the manufacturing cost, and reducing the efficiency of the 

system and the price competitiveness. In efforts to reduce 

the component count, the size, and the cost, a number of 

single-stage ac–dc converters have been proposed and 

developed. The main concept is that a PFC input stage and a 

high frequency dc–dc converter are simplified by sharing 

common switches so that the PFC Switch, the PFC 

controller, and its gate driver can be eliminated. Most 

single-stage ac–dc converters in low-power application used 

single-switch dc–dc converters such as flyback or forward 

converters [6].  

 These converters are simple and cost-effective. 

However, they have high switching power losses because of 

the hard-switching operation of the power switch. Thus, to 

overcome the drawback, single stage ac–dc converters based 

on the asymmetrical pulse width modulation (APWM) half-

bridge converter have been proposed [7].  

 They have low switching losses because of the 

zero-voltage switching (ZVS) operation of the power 

switches. However; the conventional single-stage ac–dc 

converters have high voltage stresses or a low power factor 

in comparison with the two-stage ac–dc converter. Also, the 

PFC circuit used in the single-stage ac–dc converter requires 

the dc-link electrolytic capacitor and the inductor. The dc-

link electrolytic capacitor and the inductor raise the size and 

the cost of the converter. To solve these problems, the dc-

link electrolytic capacitor should be removed from the 

circuits. [8]. 

 The main idea is to intentionally distort the input 

current such that there is little low-frequency power-ripple 

component being generated at the input. Consequently, non 

electrolytic capacitors such as film capacitors or ceramic 

capacitors can be used instead of electrolytic capacitors. 

This approach is  applied to single-switch PFC ac–dc 

converters. Compared to the conventional single-stage ac–dc 

converters with the dc-link electrolytic capacitor, the 

converters using this ceramic capacitor are small and cost-

effective; and also , they have drawbacks such as low power 

factor and low efficiency because of the discontinuous 

current mode (DCM) operation and the hard-switching 

operation. Therefore, these converters are mostly useful in 

low-cost and low- power application such as a light- 

emitting     diode (LED) power supply. 

II. BLOCK DIAGRAM 
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Fig. 1: Block Diagram of the Proposed Converter 

The objective of this paper is to propose the single 

power-conversion ac–dc converter with the high power 

factor and the high power efficiency. This converter consists 

of a full-bridge diode rectifier and a series-resonant active-

clamp dc–dc converter. This converter provides a simple 

structure, a low cost, and low voltage stresses because it has 

only high frequency dc–dc converter. To obtain high power 

factor without a PFC stage, a new control algorithm is 

proposed. The proposed converter provides high power 

factor and single power-conversion by using the novel 

control algorithm instead of the PFC circuit. Also, the 

active-clamp circuit clamps the surge voltage of switches 

and recycles the energy stored in the leakage inductance of 

the transformer. 

III. OPERATION PRINCIPLE OF THE AC–DC CONVERTER 

A. Concept of the Single Power-Conversion AC–DC 

Converter: 

  Fig. 1(c) shows the schematic diagram of the single power-

conversion ac–dc converter. It consists of a full-bridge diode 

rectifier, dc–dc converter, and a control circuit. That is, the 

single power-conversion ac–dc converter has also one 

control circuit because it has no PFC circuit. However, it 

requires the control algorithm for both PFC and output 

control, unlike single-stage ac–dc converters. Also, it has a 

large ac second-harmonic ripple component reflected at the 

output voltage in comparison with two-stage and single 

stage converters because it has no dc-link electrolytic  

capacitor. However, ac–dc converter provides a simple 

structure, a low cost, and low voltage stresses because it has 

no PFC circuit composed of the inductor, power switching 

devices and the dc-link electrolytic capacitor. Therefore, the 

single power-conversion ac–dc converter is preferred option 

when the cost per unit is more important concerns than 

reliability. 

B. Operation Principle of the Proposed Circuit: 

 
Fig. 2: Proposed Single Power-Conversion Ac–Dc 

Converter 

Fig. 2 shows the proposed single power-conversion ac–dc  

converter The high frequency dc–dc converter  used in the 

proposed converter combines an active-clamp circuit and a 

series-resonant circuit across the power transformer T. The 

active-clamp circuit is consists of a main switch S1, an 

auxiliary switch S2 , and a clamp capacitor Cc . The switch 

S1 is modulated with a duty ratio D and the switch S2 is 

complementary to S1 with a short dead time. The active-

clamp circuit used to clamp the voltage spike across S1 and 

to recycle the energy stored in the leakage inductance of the 

transformer. Also, it provides Zero Voltage Switching  turn-

on of S1 and S2. The series-resonant circuit is composed of 

the transformer, leakage inductance Llk , the resonant 

capacitors C1, C2 , and the output diodes D1,D2 and provides 

ZCS turn-off of the D1 and D2 . To analyze the operation 

principle, some assumptions are made during one switching 

period Ts : 

1) The switches S1 and S2 are ideal except for their body 

diodes D1,D2 and capacitances C1, C2 ; 

2) The input voltage vin is considered to be constant 

because one switching period Ts is much shorter than 

the period of vin ; 

3) The output voltage Vo is constant because the 

capacitance of the output capacitor Co is sufficiently 

large, similarly, Cc is large that is voltage ripple is 

negligible. Thus, the  capacitor voltage Vc is constant; 

4) The power transformer T is designed by an ideal 

transformer with the magnetizing inductance Lm 

connected in parallel with the primary winding Np , and 

the leakage inductance Llk connected in series with the 

secondary winding Ns . 

C. Microcontroller Based Control: 

As indicated in the figure three input signals are needed to 

implement the control algorithm. The converter circuit is 

controlled by the PWM switching pulses generated by 

Microcontroller based on three measured feedback signals 

– Input current, Input voltage and DC Bus Voltage. 
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D. PIC16F877 based Implementation: 

In the proposed scheme as shown in Figure 2, the controller 

is implemented using a 16F877 microcontroller. 

E. PFC Software 

Output from the controller is triggering pulses to MOSFET 

to control the nominal voltage on the DC Bus. Inner Loop in 

the control block is current loop, whereas the outer loop in 

the control block forms the voltage loop. Software flow 

chart of the basic PFC Controller is depicted in Figure 3. 

Three channels of ADC of the microcontroller are used to 

scan Vref, Vo and Iin respectively. 

 
Fig. 3: Software Flow Chart 

F. Proportional Integral Control Using Microcontroller: 

PI Controller is implemented on a microcontroller. 

Microcontroller is programmed to continuously scan the 

reference and actual feedback signal and determine the 

correction using PI algorithm. This correction is than 

converted in to ON time & OFF time by the microcontroller. 

Two separate counters are subsequently set in the 

microcontroller. Generation of pulses is done by Interrupt 

Driven Subroutines. 

G. Pulse Width Modulation: 

Since most of power electronics application use PWM to 

convert signal into digital information, implementation of 

PWM on microcontroller becomes important. PWM requires 

use of Timers. Microntrollers like PIC have inbuilt PWM 

module that require only Duty Cycle and frequency 

information. For implementation of PWM through other 

microcontrollers we may use two timers one for calculation 

of T (1/f) and other for ON time (T1).Following logic may 

be followed. 

Frequency of PWM pulse = f 

Time period for PWM pulse T = 1/f 

Duty Ratio = D 

On Time T1 = D x T 

Off Time T2 = T-T1 So 2 timers may be used to 

generate T1 and T2. 

IV. CONCLUSION 

This paper has proposed a single power-processing ac–dc 

converter with a high power factor and high power 

efficiency.Also, experimental results for the proposed 

converter have been presented. The proposed converter 

combines the full-bridge diode rectifier and the series-

resonant active-clamp dc–dc converter. The series-resonant 

active-clamp dc–dc converter is based on a flyback 

converter that employs the active-clamp at the transformer 

primary side and the voltage doubler at the transformer 

secondary side to reduce the switching losses and the 

voltage stress of the main switch suffered from the 

transformer leakage inductance. Also, the proposed 

converter provides a simple structure, a low cost, and low 

voltage stresses by the single power-conversion without a 

PFC circuit. Therefore, the proposed converter is suitable 

for low-power applications. 
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