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configuration of our research target is shown in Fig.l.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 Cy, two power diode Da; and Da.
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 S,.
So that, the switching losses in each active power
semiconductor device will be zero completely.

I11. 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.l.c. The
operating principle of the proposed forward type soft
switching DC-DC converter is described as follows:

Auxlliary Resonant Circult
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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 S; and the primary energy conducts
to secondary side of transformer. If the main active power
semiconductor device S; 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 T, is flowing through the
resonant capacitor Cpn by turned main active power
semiconductor devices S; 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
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transformer is broken off the secondary side in this circuit
condition mode. If the main active power semiconductor
device S; 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 S; and Sa can be achieved the
complete ZCS transition by the leakage inductance and
auxiliary resonant inductor L,. The energy in the
primary side of transformer T: is conducted to the
secondary side. Furthermore, the energy in the resonant
capacitor C flow to the secondary side of the transformer
through the transformer T1.When the voltage of the
resonant capacitor Cy; 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 CIrRcCUIT

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.3.9.The
leakage inductance of a transformer and a voltage stress on
the main switch is stored in the capacitor Cr1 by the diode
Daland 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 Crl 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, Al = 2.5, and R = 100 Q. By using
the relation 1- 6 = Vi / V,, we get 0 = 0.5.

By use the formula L = V; 6 /f Al, we get L=200 mH and
2
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by the relationship C = 6/ 2 f;, we get C = 250 | and the
voltage transformer ratio V, / Vi = K, as by using this
relationship we get the value of K=0.21.

The transformer primary voltage E; = 444 * N1 * & * f,
By solving the equation to get the value of N; = 4.5, and
by the equation No= (E2 / E1) N; to get the value of N, = 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.
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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.
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Fig.3.a: Modified SMPS system using auxiliary switch in the
forward converter.

Fig.3.b: Current and voltage waveforms of S2.



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

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

V1. 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 S, and S; 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.f: Transformer Secondary Voltage.

Fig.4.c: Driving Pulses of S1. Fig.4.g: DC Output Voltage.

Fig.4.d: Driving Pulses of Boost Transistor. Fig.4.h: Inductor Current in NPC-ARS Circuit.

Fig.4.e: Transformer Primary Voltage. Fig.4.i: Capacitor Voltage in NPC-ARS Circuit.



