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Simulation and Experimental Results of Low Noise SMPS 

System using Forward Converter 
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Abstract–Simulation and Implementation of DC-DC 

converter side in SMPS system is discussed in this paper.       

A forward type soft switching DC-DC converter topology 

with neutral point inductor connected Auxiliary resonant 

snubber (NPC-ARS) circuit is presented in this paper for the 

switching mode power supply applications. Its circuit 

operation and its performance characteristics of the forward 

type soft switching DC-DC converter are described and the 

simulation and experimental results are presented. 

 
Keywords- Forward type DC-DC converter, Zero voltage soft 

switching, Zero current soft switching, neutral point inductor 

connected Auxiliary resonant snubber (NPC-ARS) circuit. 

 

I. INTRODUCTION 

 

In recent years, the switching mode power supply (SMPS) 

system have been achieved with high power density and 

high performances by using power semiconductor devices 

such as IGBT, MOS-FET and SiC. However, using the 

switching power semiconductor in the SMPS system, the 

problem of the switching loss and EMI/RFI noises have 

been closed up. This course produced the EMC limitation 

like the International Special Committee on Radio 

Interference (CISPR) and the harmonics limitation like the 

International Electro technical Commission (IEC). For 

keeping up with the limitation, the SMPS system must add 

its system to the noise filter and the metal and magnetic 

component shield for the EMI/RFI noises and to the PFC 

converter circuit and the large input filter for the input 

harmonic current. On the other hand, the power 

semiconductor device technology development can 

achieve the high frequency switching operation in the 

SMPS system.  

 

The increase of the switching losses has been occurred by 

this high frequency switching operation. Of course, the 

inductor and transformer size have been reduced by the 

high frequency switching, while the size of cooling fan 

could be huge because of the increase of the switching 

losses. Our research target is to reduce the EMI/RFI noises 

and the switching losses in the SMPS system by only one 

method. The solution method is the soft switching 

technique. Using LC resonant phenomenon, this technique 

can minimize the switching power losses of the power 

semiconductor devices, and reduce their electrical 

dynamic and peak stresses, voltage and current surge-

related EMI/RFI noises under high frequency switching 

strategy. 
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           Fig.1.a: SMPS configuration of research target. 

 

Thus, a new conceptual circuit configuration of the 

advanced forward type soft switching DC - DC converter 

which has the neutral point inductor connected auxiliary 

resonant snubber (NPC-ARS) circuit is presented in this 

paper with its operating principle in steady state. In 

addition, its fundamental operation and its performance 

characteristics of the proposed forward type soft switching 

DC-DC converter treated here are evaluated on the basis 

of experimental results. A New Controller scheme for 

Photo voltaics power generation system is presented in [1]. 

The design and implementation of an adaptive tuning 

system based on desired phase margin for digitally 

controlled DC to DC Converters is given in [2]. 

Integration of frequency response measurement 

capabilities in digital controllers for DC to DC Converters 

is given in [3]. A New single stage, single phase, full 

bridge converter is presented in [4]. The Electronic ballast 

control IC with digital phase control and lamp current 

regulation is given in [5]. A New soft-switched PFC Boost 

rectifier/inverter is presented in [6]. Design of Single-

Inductor Multiple-Output DC-DC Buck Converters is 

presented in [7]. Boost Converter with Improved 

Performance through RHP Zero Elimination is given by 

[8]. High-efficiency dc-dc converter with high voltage 

gain and reduced switch stress is given in [9]. Snubber 

design for noise reduction is given in [10].Comparison of 

active clamp ZVT techniques applied to tapped inductor 

DC-DC converter is given in [11].The multiple output 

AC/DC Converter with an internal DC UPS is given in 

[12].The Bi-directional isolated DC-DC Converter for next 

generation power distribution –comparison of converters 

using Si and Sic devices is given in [13]. The above 

literature does not deal with embedded implementation of 

SMPS System employing forward converter. This work 

aims to implement SMPS System using low cost 

embedded Controller.  

 

II. NOVEL FORWARD TYPE SOFT SWITCHING 

DC-DC CONVERTER 

 

The typical switching mode power supply circuit 
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configuration of our research target is shown in Fig.1.a. 

We have modified the part of DC-DC converter to achieve 

the complete soft switching operation in active power 

semiconductor devices of the forward converter. Fig.1.b 

shows the schematic configuration of the modified 

forward type soft switching DC-DC converter with a 

neutral point inductor connected auxiliary resonant 

snubber (NPC-ARS) circuit. The proposed NPC-ARS 

circuit consists of an active power semiconductor devices; 

Sa, a resonant capacitor Crl, two power diode Da1 and Da2. 

Using this NPC-ARS circuit, the zero voltage soft 

switching (ZVS) turn off or the zero current soft switching 

(ZCS) turn on can be achieved in main switching device 

S1 and ZCS turn on and turn off be in auxiliary switch Sa. 

So that, the switching losses in each active power 

semiconductor device will be zero completely. 

 

III. OPERATION PRINCIPLE OF NPC-ARS CIRCUIT 

 

The operation principle of the proposed forward type soft 

switching DC-DC converter with the NPC-ARS circuit is 

illustrated in Fig.1.c. The conventional forward type     

DC-DC converter operates only two circuit condition 

modes which are described in Fig.1.c as the steady state 

mode on and off. On the other hand, there are 4 modes in 

case of the proposed one as depicted in Fig.1.c. The 

operating principle of the proposed forward type soft 

switching DC-DC converter is described as follows: 
 

 

 
 

Fig.1.b:  Forward type soft switching DC-DC converter with a 

neutral point inductor connected auxiliary resonant snubber 

(NPC-ARS) circuit. 

 

Steady State Mode ON: In this state, the transformer 

current flows through the main active power 

semiconductor device S1 and the primary energy conducts 

to secondary side of transformer. If the main active power 

semiconductor device S1 is turned off, the operation mode 

changes to the next circuit condition mode, Commutation 

Mode 1. 

Commutation Mode 1: The energy in the leakage 

inductance of transformer T1 is flowing through the 

resonant capacitor Crl by turned main active power 

semiconductor devices S1 off. When the leakage 

inductance current reach zero, the operation mode changes 

to the next steady state mode, Steady State Mode off. 

 

Steady State Mode OFF: The energy in the primary side of 

transformer is broken off the secondary side in this circuit 

condition mode. If the main active power semiconductor 

device S1 and auxiliary active power semiconductor device 

Sa are turned on the operation mode changes to the next 

circuit condition mode, Commutation Mode 2. 

 

Commutation Mode 2: In this mode, the active power  

semiconductor  devices S1 and Sa  can  be achieved  the  

complete  ZCS  transition by the leakage  inductance  and  

auxiliary  resonant  inductor Lr. The  energy  in  the  

primary  side  of  transformer T1 is  conducted  to the  

secondary  side. Furthermore, the energy in the resonant 

capacitor Crl flow to the secondary side of the transformer 

through the  transformer T1.When the voltage of the 

resonant capacitor Crl  reaches zero, the operation mode  is 

changed  to  the  first  circuit  condition  mode, Steady  

State  Mode  on.   
 

 

 
 

 
Fig.1.c: Equivalent circuit for each operation stage of the 

proposed forward type soft switching DC-DC converter with the 

NPC-ARS circuit.   

 

IV. MATHEMATICAL DESIGN FOR  

NPC-ARS CIRCUIT 

 

When the main switch M1 is turned on at zero current as 

shown in Fig.3.g.input dc gets applied to the primary 

winding and simultaneously a scaled voltage appears 

across the transformer secondary. When the main switch 

M1 is turned off at zero voltage as shown in Fig.3.g.The 

leakage inductance of a transformer and a voltage stress on 

the main switch is stored in the capacitor Cr1 by the diode 

Da1and takes a path through the capacitor C1 and to the 

transformer L1׳ up to the leakage inductance current 

reaches zero. The stored energy of the Capacitor Cr1 is 

freewheels when the main and auxiliary switches are 

turned on at zero current.  

 

The assumptions for the NPC-ARS auxiliary switch in the 

forward converter are:  

 

Frequency f = 100 kHz, ∆I = 2.5, and R = 100 Ω. By using 

the relation 1- δ = Vi / Vo, we get δ = 0.5. 

 

By use the formula L = Vi  δ / f  ∆I, we get L=200 mH and 
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by the relationship C = δ / 2 fr, we get C = 250 µF and the 

voltage transformer ratio Vo / Vi = K, as by using this 

relationship we get the value of K=0.21.  

 

The transformer primary voltage E1 = 4.44 * N1 * Φ * f. 

By solving the equation to get the value of N1 = 4.5, and 

by the equation N2= (E2 / E1) N1 to get the value of N2 = 9.  

 

V. SIMULATION RESULTS 

 

The SMPS system is modelled and simulated using the 

blocks of MATLAB SIMULINK. The SMPS system using 

conventional boost and forward converters is shown in 

Fig.2.a. Diode rectifier with capacitor filter was 

represented as a DC source at the input. The current and 

voltage waveforms of S2 are shown in Fig.2.b. The 

voltage across the primary of the transformer is shown in 

Fig.2.c. The voltage across the secondary of the 

transformer is Fig.2.d, the voltage across the diode d3 is 

shown in Fig.2.e.From the waveforms it can be seen that 

the output contains noise. 

 

Modified SMPS system using auxiliary switch in the 

forward converter is shown in Fig.3.a. The voltage and 

current waveform of S2 are shown in Fig.3.b. Voltage 

across the primary of the transformer is shown in Fig.3.c. 

The voltage across the secondary of the transformer is 

shown in Fig.3.d. The voltage across the diode D3 is 

shown in Fig.3.e. The pulse and voltage across the switch 

M2 is shown in Fig.3.f. The pulse and voltage across the 

switch M1 is shown in Fig.3.g. The Current across the 

inductor L1 is shown in Fig.3.h. The voltage across the 

capacitor C2 is shown in Fig.3.i. From the above 

waveforms it can be seen that the output is free from noise. 

 

 

                
Fig.2.a: Conventional Boost & forward converter.  

 

 

 

 
Fig.2.b: Current and voltage waveforms of S2. 

 
Fig. 2.c: Transformer primary voltage.     

               

  
 Fig.2.d: Transformer secondary voltage. 

 

 
Fig.2.e: Voltage across diode D3. 

 
Fig.3.a: Modified SMPS system using auxiliary switch in the 

forward converter. 

 

Fig.3.b: Current and voltage waveforms of S2. 
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Fig.3.c: Transformer primary voltage. 

 

 
Fig.3.d: Transformer secondary voltage. 

 

 
Fig.3.e: Voltage across diode D3. 

 

 
Fig.3.f: Pulse and voltage across the switch M2. 

 

 
Fig.3.g: Pulse and voltage across the switch M1. 

 
 

Fig.3.h: Current across the inductor L1.  

 

 
 

Fig.3.i: Voltage across the Capacitor C2.  

 

VI. EXPERIMENTAL RESULTS 

 

Low noise SMPS System with forward type soft switching 

DC-DC Converter with a neutral point inductor connected 

auxiliary resonant snubber circuit is designed and the  

hardware module is shown in Fig.4.a.The Atmel 

Microcontroller 89C2051 is used to generate the driving  

pulses  for  the  thyristor Sa and S1 as shown in the 

oscillogram of Fig.4.b and Fig.4.c.The Boost up driving 

pulses as shown in the oscillogram of Fig.4.d. 

 

The transformer Primary voltages at the input with 

disturbances and the transformer secondary voltages at the 

output with disturbances as shown in the oscillogram of 

Fig.4.e. and Fig.4.f.The DC output voltage as shown in the 

oscillogram of Fig.4.g. The inductor current in NPC-ARS 

circuit is shown in Fig.4.h. The Capacitor voltage in NPC-

ARS circuit is shown in Fig.4.i.The important circuit 

parameters of conventional circuit are indicated in   

TABLE 1. The circuit parameters in the proposed one are 

in TABLE 2. The experimental results are obtained for 

constant load.     

 

 

Fig.4.a: Hardware Module. 
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Fig.4.b: Driving Pulse of Sa. 

 

 

 
 

Fig.4.c: Driving Pulses of S1.  

 

 

 
 

Fig.4.d: Driving Pulses of Boost Transistor. 

 

 

 
 

Fig.4.e: Transformer Primary Voltage. 

 
 

Fig.4.f: Transformer Secondary Voltage. 

 

 

 
 

Fig.4.g: DC Output Voltage. 

 

 

 
 

Fig.4.h: Inductor Current in NPC-ARS Circuit. 

 

 

 
 

Fig.4.i: Capacitor Voltage in NPC-ARS Circuit. 
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Table 1: Circuit Parameters for Conventional Circuit 

Parameters                               Unit 
Values and 

Items 

Input Voltage                             [V] 48 

Output Voltage Vo                     [V] 18 

Switching frequency              [kHz] 30 

Smoothing Capacitor  C1,C2 [µf]/V 2200/63,100/63 

Smoothing Inductor L             [mH] 27 

Capacitance of Snubber  circuit 1000 µF/63 V 

Resistance of Snubber circuit 330 ohm/20W 

Power MOSFET IRF 840 

Power Diode IN4007 

 

Table 2: Circuit Parameters for Proposed Circuit 

Parameters                                 Unit 
Values and 

Items 

Input Voltage                               [V] 48 

Output Voltage Vo                       [V] 18 

Switching frequency                [kHz] 30 

Smoothing Capacitor  C1,C2   [µf]/V  2200/63,100/63 

Smoothing Inductor L                [mH] 27 

Inductance of NPC-ARS circuit [µH] 10 

Capacitance of NPC-ARS circuit [nf] 100 

Power MOSFET IRF 840 

Power Diode IN4007 

 

VII. CONCLUSION 

 
Implementation of low noise SMPS System using forward 

converter with MATLAB-SIMULINK was done using 

microcontroller. Modified circuit configuration of forward 

type DC–DC converter with its working principle is 

presented in this paper. The conventional and modified 

SMPS systems are digitally simulated using Sim power 

systems. The simulation results and the experimental 

results are compared. The modified converter has reduced 

noise in the output. From the results, it is observed that the 

experimental results closely agree with the simulation 

results.  
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