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Abstract: - In this paper a boost fly back converter with series and parallel configuration is introduced. This 
topology is a better way to implement low-cost high-power factor ac-dc converters with better output voltage 
regulation. The main advantages of this topology are a single switch is sufficient for both boost and fly back 
operations, voltage across the Power MOSFET is less and no requirement of snubber circuits. The fly back 
transformer is chosen as 1:1 transformer because of less stray inductance and low leakage inductance loss. The 
midpoint configuration type high frequency fly back transformer is used at primary side to obtain series and 
parallel combination of bulk capacitors and primary windings transformer. An input voltage of 28V AC 48V 
output DC 48W operating at 100Khz switching frequency AC to DC converter is presented.  Hysteresis Current 
Control technique is used to control the switch and MATLAB Simulink is used to obtain the simulation results 
and FPGA SPARTRAN 6 is used to generate PWM signals for Hardware Implementation. 
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1   Introduction 
In present days, renewable sources like wind and 
solar usage have been rapidly increased through the 
world. With these energy sources greenhouse 
emissions are not released into the environment. Ten 
years back i.e. 2011 due to severe earthquake Japan 
country was majorly affected. Due to damage of 
several reactors in Fukushima nuclear plant a higher 
amount of radioactive element spreads into the 
atmosphere which is nothing but increasing of 
greenhouse emissions. This situation in Japan 
demands complete shutdown of nuclear power plant 
and also public in Japan already have awareness of 
green energy. Therefore, to reduce pollution, fossil 

fuels and safety issues development of green energy 
is the best alternative to generate electricity. Along 
with solar and wind fuel cells are also used as 
auxiliary energy source in some applications like 
Electric Vehicles, emergency backup power and 
portable electronics etc., [1], [2], [3], [4], [5]. In 
some applications low voltage input and medium or 
high voltage output voltage is required. Hence a 
boost configuration-based topologies need to 
implement for different applications. 

The high voltage output can be obtained using 
non isolated and isolated converters. The main 
advantage of isolated converters is energy storage, 
provides isolation and no output filter inductor is 
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required in case of fly back converter. Where as in 
case of full bridge, half bridge and push pull 
converters a output filter inductor is used. The 
output voltage can be increased by varying the turns 
ratio of the transformer, [6], [7], [8], [9], [10].  

But the main disadvantage is leakage inductance 
is increases which reduces the converter efficiency 
and also increases the switching stress, [11], [12], 
[13], [14], [15]. To decrease the voltage spike across 
the MOSFET again snubber circuits are used. For 
the fly back topology generally two snubber circuits 
are required one is across transformer and another 
one is across MOSFET switch. Generally 
conventional non isolated converter Boost, Buck –
Boost can achieve high voltage gain. Non-isolated 
topologies with high output gain have been 
discussed in past decade, [16], [17], [18], [19], [20]. 
These non-isolated converters can be developed 
with the help of coupled inductors, cascaded 
techniques, switched capacitors techniques. But 
there is no isolation in these converters which are 
not meeting the required safety standards. To 
achieve galvanic isolation isolated converters are 
preferred. In this paper fly back topology is 
considered because the power limitation is below 
100W.  

Figure 1 shows small wind power generation for   
low power and high voltage gain applications with 
low voltage input. 
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Fig. 1:  Structure of Wind for Low Power Loads 
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Fig. 2: High Power Factor Integrated Boost fly back 
converter with Series and Parallel Combination 
 

The wind power can generate up to 230V or 
440V. For some applications the input voltage 
requirement is 230VAC or 90VAC or 48VAC or 
28V AC, therefore an isolation transformer with 
tapings is used to supply the power to converters.   

In this paper operation and mathematical 
analysis of single stage integrated boost fly back 
converter is discussed.  Section 2 presents the 
operating modes of AC-DC single stage integrated 
boost fly back converter along with the waveforms. 
Section 3 presents the calculation of design 
parameters for the proposed converter. Section 4 
presents simulation results and section 5 hardware 
results of the converter. In the last, conclusions are 
provided in section 6. 
 
 
2 Operation of Single Stage Boost Fly 

 Back Converter 
The circuit diagram of boost fly back converter in 
series parallel combination as shown in Figure 2. 
The different modes of operation of proposed 
converter as shown in Figure 3 and the few 
waveforms related to the operating modes shown in 
Figure 4.  
 
Mode 1[0< t< t1: Figure 3(a)]: When the supply 
voltage Vm and VLB is greater than VCB1 +VCB2 
the diode bridge rectifier is turned on and the 
voltage developed after the bridge rectifier is Vdc. 
Assume initially capacitors CB1 and CB2 are 
charged. When the MOSFET SW is ON three 
currents will flows through the MOSFET SW. The 
first current path from AC source is Vm-Bridge 
rectifier- LB-SW-(-Vm). The current paths from the 
Capacitors CB1, CB2 are CB1-SW-Lfp2-D1-CB1 
and CB2-D3-Lfp1-SW-CB2 are shown in Figure 
3(a). In this mode of operation, the current through 
boost inductor LB is slowly increases and due to the 
opposite polarity of primary and secondary 
transformer the diode D4 is forward biased and the 
power will transfer to the load. In this mode of 
operation diode D2 is turned off due to the 
capacitors discharging and diode D2 will turn ON 
when it is charging. The corresponding equations 
are: 
−𝑉𝐷𝐶 + 𝑉𝐿𝐵 = 0     (1) 
 
   𝑉𝐷𝐶 = 𝑉𝐿𝐵        (2) 
 
Where 𝑉𝐷𝐶 =

2𝑉𝑚

𝜋
. 

 
Also       
  −𝑉𝐶𝐵1 + 𝑉𝐿𝐹𝑃2 = 0 
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𝑉𝐶𝐵1 = 𝑉𝐿𝐹𝑃2     (3) 
Similarly,       
 𝑉𝐶𝐵2 = 𝑉𝐿𝐹𝑃1     (4) 
 
𝑉𝐿𝐹𝑆 = 𝑉𝐿𝐹𝑃1 + 𝑉𝐿𝐹𝑃2 = 𝑉𝑜    (5) 
 
Mode 2[t1< t< t2: Figure 3(b)]: In this mode of 
operation also the supply voltage Vm and VLB is 
greater than VCB1+VCB2. But in this case the 
MOSFET SW is off the stored energy in the 
inductor LB is delivering to the capacitors, then the 
first current path is +Vm- bridge Rectifier-LB-CB1-
D2-CB2-(-Vm). Similarly, the energy stored in the 
primary windings of the transformers delivering its 
energy to the capacitors CB1 and CB2. Therefore, 
the other two current paths are +Lfp1-CB1-D2- D3-
(-Lfp1) and +Lfp2- D1-D2- CB1 (-Lfp1) are shown 
in Figure 3(b). Due to the opposite polarity of the 
primary and secondary side of transformer diode D4 
is reverse bias and output capacitor Co discharges 
its energy to the load. The corresponding equations 
are: 
−𝑉𝐷𝐶 − 𝑉𝐿𝐵 + 𝑉𝑆𝑊 = 0                (6) 
 
𝑉𝑆𝑊 = 𝑉𝐷𝐶 + 𝑉𝐿𝐵       (7) 
 
The voltage across the switch equation can also be 
written as: 
𝑉𝑆𝑊 = 𝑉𝐶𝐵1 + 𝑉𝐶𝐵2 = 𝑉𝐶𝐵    (8) 
 
Mode 3[t2< t< t3: Figure 3(c)]: In this mode of 
operation the supply voltage Vm and VLB is less 
than VCB1+VCB2 due to this the diode bridge 
rectifier is reverse bias and the current flows from 
the source is zero.  In this mode of only fly back 
operation is performed and the bulk capacitors CB1 
and CB2 discharges its energy to the primary 
winding of fly back transformers. When the switch 
is on then the current flows through CB1-SW-Lfp2-
D1-CB1 and CB2-D3-Lfp1-SW-CB2 are shown in 
Figure 3(c).  Here the diode D2 is turned off and 
also D4 is ON due to opposite polarity of the 
primary winding of the transformer.  
 
Mode 4[t3< t< t4: Figure 3(d)]: In this mode of 
operation the supply voltage Vm and VLB is less 
than VCB1+VCB2 due to this the diode bridge 
rectifier is reverse bias and the no current flows 
from the source.  In this mode the Mosfet SW is 
turned off and current paths are +Lfp1-CB1-D2-D3-
(-Lfp1) and +Lfp2-D1-D2-CB2-(-Lfp2) are shown 
in Figure 3(d). In this mode D2 is ON but D4 is 
OFF and capacitor Co is supplying power to the 
load. In other words, here fly back transformer gives 

energy to the Bulk capacitors CB1 and CB2. The 
bridge rectifier and Input current waveform as 
shown in Figure 5. 
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(b): Mode 1[t1< t< t2] 
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(c): Mode 1[t2< t< t3] 
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(d): Mode 1[t3< t< t4] 

Fig. 3:  Modes of Boost fly back converter with 
series and parallel combination 
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Fig. 4:  Switching Waveforms of Proposed 
Converter 
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Fig. 5: Bridge Rectifier and Input current 
waveforms Without EMI filter 

 
From the waveforms it is observed that if 

Vm+VLB is greater than VCB1+VCB2=VCB the 
source current Im=Is=IL is present and when 
Vm+VLB is less than VCB1+VCB2=VCB the 
source current is absent. 

 
The conduction angle 𝜃 can be calculated as: 
𝑉𝑚𝑠𝑖𝑛𝜔𝑡 + 𝑉𝐿𝐵 = 𝑉𝐶𝐵        (9) 
 
𝜔𝑡 = sin−1 (𝑉𝐶𝐵−𝑉𝐿𝐵)

𝑉𝑚
= 𝜃1                    (10) 

 
𝜃2 = 𝜋 − 𝜃1                     (11) 
 
Conduction angle 𝜃 = 𝜃2 − 𝜃1                     (12) 
 

In case of EMI Filter added at source side the 
source inductance will be considered while 
calculating the conduction angle. The Figure 6 
shows the Bridge rectifier and Input current 
waveforms when EMI Filter is added at source side: 
𝜔𝑡 = sin−1 (𝑉𝐶𝐵−𝑉𝐿𝑆−𝑉𝐿𝐵)

𝑉𝑚
= 𝜃1           (13) 

 
To find the 𝜃2 and conduction angle Eq. 11 and 
Eq.12 are used. 
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Fig. 6: Bridge Rectifier and Input current 
waveforms with EMI filter 
 

Here VSL is nothing but voltage of source 
inductance. 
𝑉𝑚𝑠𝑖𝑛𝜔𝑡 + 𝑉𝐿𝐵 + 𝑉𝐿𝑆 = 𝑉𝐶𝐵               (14) 
  
 
3   Design Example 
The design specifications are considered as source 
voltage in terms of RMS =27V and Vm= 38V, 
Vo=48V, Io=1A, Po=48W, Duty cycle D=50%, 
Switching frequency fs=100Khz, ∆𝐼 = 0.25𝐴 
 
From Eq.2 The bridge rectifier output Voltage can 
be calculated as: 
𝑉𝐷𝐶 =

2𝑉𝑚

𝜋
. =

2∗38

3.14
= 24𝑉 = 𝑉𝐿𝐵                  (15) 

 
From Eq.7           𝑉𝑆𝑊 = 𝑉𝐷𝐶 + 𝑉𝐿𝐵 
𝑉𝑆𝑊 = 24 + 24 = 48𝑉                           (16) 
 
From the equation (8) 
𝑉𝑆𝑊 = 𝑉𝐶𝐵1 + 𝑉𝐶𝐵2 = 𝑉𝐶𝐵   
There fore 𝑉𝐶𝐵1 = 𝑉𝐶𝐵2 = 24𝑉                   (17) 
 
From Eq.3 and Eq.4 𝑉𝐶𝐵1 = 𝑉𝐿𝐹𝑃2 
 𝑉𝐿𝐹𝑃2 = 24𝑉                                        (18) 
 
Similarly, 𝑉𝐿𝐹𝑃1 = 24𝑉                (19) 
 
From the Eq.5𝑉𝐿𝐹𝑆 = 𝑉𝐿𝐹𝑃1 + 𝑉𝐿𝐹𝑃2 = 𝑉𝑜  
𝑉𝐿𝐹𝑆 = 24 + 24 = 48 = 𝑉𝑜                                 (20) 
 
The output Voltage Vo can also have calculated 
from the basic output voltage equation as follows: 
𝑉𝑜 =

𝑉𝐷𝐶

1−𝐷
                             (21) 

 
𝑉𝑜 =

𝑉𝐷𝐶

1−𝐷
=

24

1−0.5
= 48𝑉                (22) 

 
The boost inductance LB can be calculated as:  
𝐿𝐵 =

𝑉𝐶𝐵∗𝐷

𝑓𝑠∗∆𝑖
                                         (23) 

 
𝐿𝐵 =

48∗0.5

100000∗0.25
= 1𝑚𝐻                           (24) 

 
The boost capacitance can be calculated as: 
𝐶𝐵1 = 𝐶𝐵2 =

𝐷∗𝐼𝑜

𝑓𝑠∗∆𝑉𝑐
                 (25) 

 
𝐶𝐵1 = 𝐶𝐵2 =

0.5∗1

100000∗0.01
= 500µ𝐹              (26) 

 
The fly back inductance can be calculated as: 
𝑃 =

𝑉𝐶𝐵∗
2 𝐷2

2∗𝐿𝑓𝑝∗𝑓𝑠
                 (27) 

48 =
48∗

20.52

2∗𝐿𝑓𝑝∗100000
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𝐿𝑓𝑝 = 60𝜇𝐻                             (28) 
 

The source current can be calculated as: 
𝐼𝑠 =

𝐼𝑜

1−𝐷
                             (29) 

 
𝐼𝑠 =

1

1−0.5
= 2𝐴                 (30) 

 
The conduction angle 𝜃 can be calculated for 

the proposed converter without EMI filter as 
follows: 
From Eq. 10  𝜃1 can be calculated as:  
𝜔𝑡 = sin−1 (48−24)

38
= 39.16° = 𝜃1              (31) 

 
From Eq.11 𝜃2 = 𝜋 − 𝜃1 
𝜃2 = 𝜋 − 39.16° = 140.84°                          (32) 
 
From Eq.12𝜃 = 𝜃2 − 𝜃1 
Conduction angle  
𝜃 = 140.84 − 39.16 = 101.68°              (33) 
 
The conduction angle 𝜃 can be calculated for the 
proposed converter with EMI filter as follows: 
From Eq. 14  𝜃1 can be calculated as:  

𝜔𝑡 = sin−1
(𝑉𝐶𝐵 − 𝑉𝐿𝑆 − 𝑉𝐿𝐵)

𝑉𝑚
= 𝜃1 

𝑉𝐿𝑆 = 𝐼 ∗ 𝑋𝐿𝑆                                         (34) 
 

𝑉𝐿𝑆 = 𝐼 ∗ 2 ∗ 3.14 ∗ 𝑓 ∗ 𝐿𝑆 
𝑉𝐿𝑆 = 2 ∗ 2 ∗ 3.14 ∗ 50 ∗ 1𝑒 − 3 = 0.628𝑉          

(35) 
 

𝜔𝑡 = sin−1 (48−0.628−24)

38
= 37.8° = 𝜃1             (36) 

 
𝜃2 = 𝜋 − 37.8° = 142.2°                                   (37) 
 
Conduction angle 
 𝜃 = 142.2 − 37.8 = 104.4°                              (38) 

 
 

4 Simulation Results of AC/DC 

 Converter without EMI Filter 
Figure 7 shows output voltage of AC/DC Converter 
and magnitude is 46.13V, Figure 8 shows output 
current of AC/DC Converter and the magnitude is 
0.965A. Figure 9 shows Capacitor voltage of 
AC/DC Converter and the minimum voltage is 25V 
and maximum Voltage is 35V. Figure 10 shows 
transformer primary Voltage Lfp1 and the positive 
voltage magnitude is 26V and negative voltage 
magnitude is 23V. Figure 11 shows transformer 
secondary voltage Lfs and the positive voltage 
magnitude is 50V and negative voltage magnitude is 

46V. Figure 12 switch voltage of Ac/DC Converter 
and the magnitude is 50V. Figure 13 Input VA of 
Ac/DC converter, Figure 14 capacitor current of 
Ac/DC Converter, Figure 15 shows FFT analysis of  
AC/DC Converter with peak value of current is 
4.216A and RMS value is 2.9A. 
 

 
Fig. 7: Output Voltage of AC/DC Converter without 
EMI Filter 
 

 
Fig. 8: Output Current of AC/DC Converter without 
EMI Filter 

 
Fig. 9: Capacitor Voltage CB1 of AC/DC Converter 
without EMI Filter 
 

 
Fig. 10: Transformer Primary Voltage Lfp1 of 
AC/DC Converter without EMI Filter 
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Fig. 11: Transformer Secondary Voltage Lfs of 
AC/DC Converter without EMI Filter 
 

 
Fig. 12: Switch Voltage of Ac/DC Converter 
without EMI Filter 
 

 
Fig. 13: Input VA of Ac/DC Converter without EMI 
Filter 
 

 
Fig. 14: Capacitor Current of Ac/DC Converter 
without EMI Filter 
 

 

 
Fig. 15: FFT Analysis of Ac/DC Converter without 
EMI Filter 
 

From the Figure 13 the Displacement Power 
Factor (DPF) can be identified as 0.99 and THD 
form Figure 15 can be identified as 73.51. The 
Power Factor can be calculated as: 
𝑃𝐹 =

𝐷𝑃𝐹

√1+𝑇𝐻𝐷2
                  (39) 

 
𝑃𝐹 =

0.99

√1+0.732
= 0.8                             (40) 

 
from the Figure 15 and from Eq.12 conduction 
angle  

𝜃 = (0.5072 − 0.5021) ∗
180

0.01
= 92°              (41) 

 
4.1  Simulation Results of AC/DC Converter 

  with EMI Filter 
Figure 16 shows output voltage of AC/DC 
Converter and magnitude is 46.12V, Figure 17 
shows output current of AC/DC Converter and the 
magnitude is 0.96A. Figure 18 shows Capacitor 
voltage of AC/DC Converter and the minimum 
voltage is 25V and maximum Voltage is 35V. 
Figure 19 shows transformer primary Voltage Lfp1 
and the positive voltage magnitude is 26V and 
negative voltage magnitude is 23V. Figure 20 shows 
transformer secondary voltage Lfs and the positive 
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voltage magnitude is 50V and negative voltage 
magnitude is 46V. Figure 21 switch voltage of 
Ac/DC Converter and the magnitude is 58V, Figure 
22 capacitor current of Ac/DC Converter, Figure 23 
Input VA of Ac/DC converter, Figure 24 shows FFT 
analysis of AC/DC Converter with peak value of 
current is 4.142A, RMS value is 2.929A and THD is 
61.20%. 
 

 
Fig. 16: Output Voltage of AC/DC Converter with 
EMI Filter 
 

 
Fig. 17: Output Current of AC/DC Converter 
without EMI Filter 
 

 
Fig. 18: Capacitor Voltage CB1 of AC/DC 
Converter without EMI Filter 
 

 
Fig. 19: Transformer Primary Voltage Lfp1 of 
AC/DC Converter with EMI Filter 
 

 Fig. 20: Transformer Secondary Voltage Lfs of 
AC/DC Converter with EMI Filter 
 

 
Fig. 21: Switch Voltage of Ac/DC Converter with 
EMI Filter 
 

 
Fig. 22: Capacitor Current of Ac/DC Converter with 
EMI Filter 
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Fig. 23: Input VA of Ac/DC Converter with EMI 
Filter 
 

 

 
Fig. 24: FFT Analysis of Ac/DC Converter without 
EMI Filter 
 

From the Figure 23 the Displacement Power 
Factor (DPF) can be identified as 0.99 and THD 
form Figure 15 can be identified as 73.51. The 
Power Factor can be calculated as: 
𝑃𝐹 =

𝐷𝑃𝐹

√1+𝑇𝐻𝐷2
                  (42) 

 
𝑃𝐹 =

0.99

√1+0.6122
= 0.84                (43) 

 

from the Figure 15 and from Eq.12 conduction 
angle 
𝜃 = (0.5079 − 0.5021) ∗

180

0.01
= 104.4°            (44) 

 
From the above two topologies it is observed 

that the output voltage is without EMI Filter 46.13V 
and with EMI filter 46.12V. Also, the power factor 
and THD without EMI filter is 0.8 and 73.51%, 
With EMI Filter is 0.84 and 61.2%. To get the 
required output voltage and better power factor and 
THD a hysteresis current control is preferred. 
 
4.2 Simulation Results of AC/DC Converter 

 using Hysteresis current control 

ia*

ia

LOCK OUT 

CIRCUIT

SW IS ON 

SW IS OFF 

(a) 
 

 
(b) 

Fig. 25:  (a) Hysteresis current control Block 
diagram, (b) waveform representation 
 

In this hysteresis current controller ia* is 
nothing but reference current generator and it is 
generated with the help of bridge rectifier output 
voltage multiplied with PID controller. The current 
ia is nothing but inductor current which is given to 
hysteresis band to generate the PWM Pulses. 
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Boost Inductor 

Current
From the PID 

Controller 

 From Comparator output

Pulses

Fig. 26: Hysteresis Current Control Pulse Pattern 
 

It is observed that from Figure 26 frequency of 
the pulses is varies because the reference current 
and sensing current variation. In the mat lab 
simulation for the hysteresis band switch on point is 
considered as 2 and switch off point is considered as 
1. 
 

From PID Controller Boost Inductor Current

From Comparator 

Pulses ON OFF

 
Fig. 27: Zoomed view of Hysteresis Current Control 
Pulse Pattern 
 

From Figure 27 the ON pulse is presented when 
the comparator output is changing from 2 to 1 and 
OFF Pulse is presented when the comparator output 
is changing from 1 to 2. 

Figure 28 shows output voltage of AC/DC 
Converter and magnitude is 48V, Figure 29 shows 
output current of AC/DC Converter and the 

magnitude is 1A. Figure 30 shows Capacitor voltage 
of AC/DC Converter and the minimum voltage is 
7V and maximum Voltage is 26V. Figure 31 shows 
transformer primary Voltage Lfp1 and the positive 
voltage magnitude is 23V and negative voltage 
magnitude is 27V. Figure 32 shows transformer 
secondary voltage Lfs and the positive voltage 
magnitude is 48V and negative voltage magnitude is 
48V. Figure 33 switch voltage of Ac/DC Converter 
and the magnitude is 51V. Figure 34 Input VA of 
Ac/DC converter, Figure 35 shows FFT analysis of  
AC/DC Converter with peak value of current is 
4.711A, RMS value is 3.33A and THD is 24.87%. 
 

 
Fig. 28: Output Voltage using Hysteresis Current 
Control 
 

 
Fig. 29: Output Current using Hysteresis Current 
Control 
 

 
Fig. 30: Capacitor Voltage using Hysteresis Current 
Control 
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Fig. 31: Transformer Primary Lfp1 Voltage using 
Hysteresis Current Control 
 

 
Fig. 32: Transformer secondary Lfs Voltage using 
Hysteresis Current Control 
 

 
Fig. 33: Switch Voltage using Hysteresis Current 
Control 
 

 
Fig. 34: Input VA of Ac/DC Converter using 
Hysteresis current Control 
 

 

 
Fig. 35: FFT Analysis of Ac/DC Converter using 
Hysteresis current control 
 

From the Figure 23, the Displacement Power 
Factor (DPF) can be identified as 1 and THD form 
Figure 15 can be identified as 24.87. The Power 
Factor can be calculated as: 
𝑃𝐹 =

𝐷𝑃𝐹

√1+𝑇𝐻𝐷2
                  (45) 

 
𝑃𝐹 =

0.99

√1+0.24872
= 0.97              (46) 

 
from the Figure 15 and from Eq.12 conduction 
angle 
𝜃 = (4.469 − 4.461) ∗

180

0.01
= 144°              (47) 

 
Table 1.  Performance of AC/DC Converter with 

Open loop and closed loop configuration 
Converter DPF THD% Power 

Factor 
Voltage Across 
the Switch (V) 
and Output 
Voltage (V) 

AC/DC Converter 
Without EMI Filter 
 

AC/DC Converter 
With EMI Filter 
(open loop)           
 

AC/DC Converter 
using hysteresis 
current controller. 
(closed loop) 

0.99 
 
 
0.99 
 
 
 
1 

73.51 
 
 
61.20 
 
 
 
24.87 

0.8 
 
 
0.84 
 
 
 
0.97 

50 and 46.13 
 
 
60 and 46.12 
 
 
 
51 and 48V 
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From the above Table 1 it is concluded that the 
proposed converter is giving better performance 
using Hysteresis current control. Hence the 
hardware implementation is done by using 
hysteresis current control. 

 
 

5 Hardware Results of AC/DC 

 Converter using Hysteresis Current 

 Control 
Figure 36 shows Hardware prototype of AC/DC 
converter using FPGA SPARTRAN6.  This FPGA 
is used to generate PWM Pulses of hysteresis 
current mode control. Figure 37, Figure 38 and 
Figure 39 shows the output voltage, current and 
Input current and voltage waveforms of the 
proposed AC-DC-DC Converter in order. Figure 40 
and Figure 41 shows THD using power quality 
analyzer and showing that 14.73%.  
 

Fly-Back 

Transformer

Boost Inductor

FPGA 

SPARTRAN 6 15V Power 

Supply
TLP250 Driver

EMI Filter

Protection 

Circuit 

TL082&4027

Mosfet

Load 

Voltage 

Load 

Current 1A 
Input 

Voltage 

Input 

Voltage&Current
Bridge Rectifier

 
Fig. 36: Hardware prototype of AC/DC Converter 
using FPGA SPARTRAN 6 
 

Output Voltage 48V

Fig. 37: Output Voltage of AC/DC Converter with 
Hysteresis Control. (10v/div) 

 

Output Current 1A

 
Fig. 38: Output Current of AC/DC Converter with 
Hysteresis Control. (0.5A/div) 
 

Input Voltage Vm=38V

Input Current Im=4A

 
Fig. 39: Input Voltage and Input Current of AC/DC 
Converter with Hysteresis Control (10V/div,5A/div) 
 

 
Fig. 40: Total Harmonic Distortion (THD) measured 
from Power Quality Analyser 
 

 
Fig. 41: Total Harmonic Distortion (THD) & 
Fundamental Component of Current measured from 
Power Quality Analyzer 
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6   Conclusion 
In this paper low voltage AC input Boost fly back 
converter with series parallel combination is 
implemented for 48W Application. The 48W 
application is generally comes under Class C 
Application. MATLAB Simulation and Hardware 
implementation is done using FPGA SPARTRAN 6. 
By using Hysteresis current control, the converter 
gives better performance compare to the open loop 
with EMI Filter and open loop without EMI Filter. 
By using Hysteresis current control Power factor is 
0.97 and THD is 24.73% in case of simulation and 
14.73 in case of hardware implementation. The 
efficiency of the converter is 72%. From the FFT 
Analysis and power quality analyzer it is observed 
that third and fifth harmonics are satisfied as per 
IEC-1000-3-2 and EN-61000-3-2 standards. 
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