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ABSTRACT

In this paper, a new soft switched cell that overcomes most of the drawbacks
of the normal ”hard switched-pulse width modulation” converter is proposed to
contrive a new family of soft switched PWM converters. All of the semiconductor
devices in this converter are turned on and off under exact or near zero voltage
switching (ZVS) and/or zero current switching (ZCS). No additional voltage and
current stresses on the main switch and main diode occur. A push-pull converter
equipped with the proposed snubber cell is analyzed in detail. The predicted
operation principles and theoretical analysis of the presented converter are verified
with a prototype of a 50W PWM push-pull multi-output converter with insulated
MOSFET and for regulation of slave outputs magnetic amplifier post regulators
are considered as post regulators. Moreover; this multioutput converter has a
simple structure, low cost, and ease of control circuitry.
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1. INTRODUCTION
Pulse width modulated (PWM) DC-DC converters have been increasingly used as switched-mode

power supplies in industry. The PWM technique is identified for its high power capability, ease of control
circuitry, higher power density and faster transient response, this can be achieved by increasing the switching
frequency. However, as the switching frequency increases, so do the switching losses and EMI noise. High
switching losses reduce the power capabilities, while serious EMI noise interferes with the control of PWM
DC/DC converters.

To solve the problems resulting from the non ideal phenomena of switching losses, several kinds
of soft-switching technologies have been adapted which are shown in different papers [3]. Out of these
technologies active clamps, as introduced in [4] can reduce all three loss mechanisms by using auxiliary
switches. Unfortunately, an auxiliary switch increases the complexity of both power and control circuits as
well as synchronization problems between control signals of the two switches during transient also complicate
the control strategy. The circuit cost is increased and the reliability is decreased by using these active
snubber techniques. Although many technologies came one by one to reduce these losses as one of the
cheapest technique is by using resistors, capacitors, and diodes (RCD) as a snubber but could not perform
well despite of having the simplest structures as the switching losses are dissipated in resistors and thus,
it reduces the efficiency of the circuit. Other techniques comprised of resonant converters that commutate
with either zero voltage switching (ZVS) or zero current switching (ZCS) are also introduced to reduce the
switching losses; however conduction losses are increased in these circuits due to the high circulating current
involved in it. Also complicated design of an EMI filter and control circuit because of a wide switching
frequency range can cause great trouble in assessment of the circuit. Therefore compared with the three
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technologies discussed above, the introduced novel soft switching technique can effectively restrict switching
losses and EMI noise using no active components and no power dissipative components [5]. By increasing the
rates of the drain current and the drain source voltage restricted by inductors and capacitors, respectively.

The control strategy is scarcely interfered with and the circulating energy generated is comparatively
low. The circuit structure is as simple as RCD snubber and the efficiency is as high as zero voltage and
zero current soft switched and resonant converters. Low cost, high performance and high reliability are the
distinct advantages of this novel soft switching technique to reduce the turn off losses caused in push pull
converter.

The problem of the regulation of multiple output voltages is solved here with the help of mag-amp
post regulator. Mag-amp circuits with square wound core is become popular in medium to high power
application where the limited efficiency of the linear regulators is not acceptable. The Mag Amp regulation
principle offers a low cost, efficient and, owing to the simple design, reliable solution to these problems. The
low RF interference level is advantageous to the suppression filter; a mag amp comes the closest yet to a
true ideal switch with significant benefits to switching regulators [8].

2. DESIGN SPECIFICATIONS
The following design review focuses on the design procedure of a three-output DC/DC converter

for different applications. The desired specifications include input bus of 70V±2V, output in the range of
+5.0V/3.5A, -5.0V/2.5A, +10V/1.5A. Total output power is 45W and line regulations better than ±0.5%and
load regulation better than ±1.0% is considered for design with ripple noise better than 20mV and overall
efficiency >75% The block diagram of the PWM based multi-output DC-DC Converter is as shown in Fig. 1:

Figure 1. Block Diagram of PWM based DC-DC Converter

3. WORKING OF THE SOFT SWITCHED CIRCUIT
Soft switching circuit to reduce the turn off losses of the push pull converter, as shown in Fig. 1,

provide a appropriate solution to this problem. Just as does the other soft switched converters do with the
active switches without making the circuit more complex with the isolated driver circuitry, it also provides
the advantages of soft switching circuit, as they use a capacitor to slow up collector voltage rise time. It
changes the stored electrostatic energy on the capacitor into electromagnetic energy in the form of stored
current in an inductor. Then later in time (but before the next cycle when the capacitor must again be
discharged), the inductor current is forced to discharge its stored current back into the DC input bus. Thus
no energy is wasted-it is first stored on a slow-up capacitor, and then returned back with negligible loss to
the input bus. The details of soft switching circuit connections are shown in Fig. 2.

The following initial conditions are assumed for simple analysis as; MOSFET Q1 is the ideal switch
and there is no leakage or stray inductance in transformer. The Q1 is now at on condition and Vcr is a
negative voltage Vcn. The drain voltage Vdc is equal to Vdc because ic = 0 and ip = 0 since there is no
current owing into Cr, Lr, and the primary side of transformer T1, .Here the operation is shown in Fig. 3
for only one cycle of the switch. The operating modes can be divided into four time slots as shown in the
following sections.
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Figure 2. Soft switching circuit for push pull converter

Figure 3. Operation of single cycle of switch

3.1. MODE 1 (t1 ≤ t < t2):

If Q1 is turned on at t = t1, the Cr is resonated from -VRF with Lr through D2 and Q1. The
resonant time and the peak current Irpk can be calculated as;

T1 = T2 − T1 = /pi
√
Lr × Cr =

1

2fr
(1)

Irpk =
Vrf
Zr

= (Vo + Vd) ×
√

(
Cr

Lr
)(
Lp

Ls
) (2)

where fr and Zr are a resonant frequency and a resonant impedance, respectively, VD is the voltage
drop in Do and VRF is the reflected voltage from secondary winding to primary winding . In circuit,
the primary side current, ip, starts from zero. A resonant current also starts from zero. Also the total
mosfet drain current starts also starting from zero with a resonant fashion. The drain voltage, Vds, becomes
immediately zero when Q1is turned on. However, there is almost no voltage and current crossing area when
Q1 is switched off because of the slow starting current. If the resonant current is reached at a peak level,
the Cr voltage become zero and is charged with a positive value up to the reflected voltage VRF .

3.2. MODE 2 (t2 ≤ t <t3):

If icr becomes zero, the Cr voltage is charged to Vcp. The primary side current is increased with
the slope of the ratio of Vds to Lp. Hence the peak current Ippk of the primary side can be calculated as

Ippk =
Vdc
Lp

× Ton (3)
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Va = Vc1 = VRF where Lp is a primary inductance of transformer T1 and Ton is the turn-on time
of mosfet Q1. The Mode 2 duration, T2 = T3 - T2, depends on the control duty cycle. The Va voltage is
equal to Vc1 because the negative port of C1 is connected to ground through Q1. When Q1is turned off, this
mode is finished.

3.3. MODE 3 (t3 ≤ t <t4):

As soon as Q1 is turned off, the current flowing into the primary side becomes a constant current
source charging Cr through D1 . This current amplitude is the same as the peak current Ippk. The voltage,
VC1, is linearly changed from a positive VRF to a negative VRF .In a conventional push pull converter, a
major switching loss occurs when Q1 is turned off since the highest drain current is crossed with the highest
drain voltage. Furthermore, the mosfet Q1 is turned on under the maximum drain current level.

However, the drain voltage, Vds, is slowly increased with a slope because of charging time of C1 in
the lossless passive snubber circuit. This provided slope creates a low turning off switching loss. Therefore,
the efficiency can be improved by providing this time, T3 = T4 - T3, with the lossless snubber circuit. In
this mode, the output voltage, Va, becomes Vdc because diode D1 is turned on. The drain voltage Vds is
increased up to Vdc + VRF . If the forward voltage drop, VD, across the diode, Do, is assumed as 0.5, then
the peak voltage Vdpk of Vds can be calculated as

Vdpk = Vds + VRF = Vdc + (V o+ 1)

√
Lp

Ls
(4)

where Lp and Ls are the inductances of the primary and secondary side transformer, respectively.
If the drain to source capacitor is assumed small compared with Cr, the Mode 3 duration time, T3, can be
found as following:

T3 = T4 − T3 = 2VRF × Cr

Ippk
(5)

This mode is finished when Vc1 = -VRF or Vds = Vdpk.

3.4. MODE 4 (t4 ≤ t <t5):

The secondary side output circuit is now conducting with the starting current level of Ispk as soon
as Vdc is equal to Vdc+ VRF . This current can be calculated from Ippk by using the ratio of primary to
secondary inductances as follows:

Ispk = Ippk × Np

Ns
= Ippk

√
Lp

Ls
(6)

The load current is now decreased from Ispk to zero as follows:

is(t) = Ispk − Vo
Ls

× (t− t4) (7)

Va = Vdc-VRF

The load current becomes zero at T4 . If the average load current, Io, and primary peak current,
Ippk, are known by using (3), then this mode duration time, T4, can be calculated by using an integration
of Ispkfor one switching time, Ts, as

T4 = T5 − T4 = 2Ts
Io
Ispk

(8)

4. WORKING PRINCIPLE OF MAGNETIC AMPLIFIER
Regulating multiple outputs of a switching power supply has always presented an additional challenge

to the designer. With a single pulse-width modulated control system, how can the control loop be configured
to keep all outputs in regulation when each may have varying loads? Although it is sometimes possible to
average an error signal from each output -degrading the regulation on some outputs to improve on others a
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more common approach, is to close the overall power supply loop to the output with the highest load current
and opt for some form of auxiliary -or secondary - regulation for all the other outputs.

Post regulation techniques are based on closed loop output voltage regulation of their respective
outputs and are briefly discussed in paper [5]. A popular and effective application of the Square-Perm alloy
80 tape wound cores occurs in multiple-output switched-mode power supplies. By using such a square loop
core to provide a controllable delay at the leading edge of the pulses at the secondary of the transformer, one
or more outputs can be independently and precisely regulated the output power, without the losses inherent
in linear regulators or the complexity of conventional switching regulators. In cases where the load currents
of the subordinate outputs are high (in excess of one or two amps), the advantages of the saturable-core
regulators become more and more significant [7] and [8].

4.1. Mag Amp Design

One of the first tasks in a mag amp design is the selection of a core material. Technology enhance-
ments in the field of magnetic materials have given the designer many choices while at the same time have
reduced the costs of what might have been ruled out as too expensive in the past. Some considerations
affecting the choice of core material are subjected in paper [8].

Figure 4. Secondary end of transformer circuit having magnetic amplifier

Push pull saturable core regulator for slave output1 -5V is shown in Fig. 4 which is driven by two
magnetic amplifier cores, error amplifier and NPN transistor. In the pulse width modulated (PWM), the
primary pulse width is controlled by sensing the 5V output,comparing it to a reference and using the error
signal to adjust the pulse duration. If there is no saturable core (SC) in the circuit the slave output 5V
would be semi regulated since the primary control loop provide line regulation. But the output would vary
with load and temperature. To provide -5V Vdc at the output the average value of the rectified waveform
applied to the input inductor L must be -5V. The pulse height at the secondary of transformeris given by

Vs = (Vin) × (
Ns

Np
) (9)

PW = (
5V × 10us

2 × 8.4V
) = 2.9µs (10)

Because the input pulse is of 4us wide the SC must delay the leading edge by 1µs. Since the
amplitude of the pulse is 8.4V, we can say the core must withstand 8.4V*1µs=8.4Vµs. To accomplish this
core is reset by an amount during each cycle. As the input of the core swings negative, diode clamps the
output side of the core at +6.3V. As Vr = 8.4Vµs/4µs =2.1V, Vr = -Vc + Vs = +6.3V The reset of the
core is subjected to a reverse voltage of 2.1V for a duration of 2.1V*4µs=8.4Vµs. As the input varies, the
error amplifier will alter this value to ensure that the output is regulated at -5Vdc in spite of changes in
rectifier voltage drop.If, for any reason, the DC output voltage goes up, firing time must go down, which
means that blocking Time must go up. Thus, if the DC output voltage goes up, the error-amplifier output
goes down and the Q2 collector current goes up, pushing more reset current into the no-dot end of MA.
This pushes the initial flux level B, down further, increases blocking time, thus decreasing firing time and
bringing the DC output voltage back down. Similarly, of course, a decrease in Vos, causes an increase in
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error amplifier output voltage and a decrease in Q2 reset current. As B, flux level rises, tb decreases, firing
time increases, and Vos, is brought back up. All this, of course, occurs over a number of switching cycles and
is accomplished in a time dependent on the error- amplifier bandwidth. Similarly Slave output-2 is regulated
against load change.

5. MEASUREMENT RESULTS
The line regulation of the multi output push pull regulator is within the limit specified in the

objective and for load regulation Magnetic amplifier is incorporated as post regulator for slave outputs for
better load regulation. Here magnetic amplifier circuit is tested for different load conditions and results are
compared with the linear regulators. At input voltages ranges from 68V to 72V are measured under full load
condition and results are compared with convectional push pull converter Comparision of secondary output
voltage with and without post regulation is shown in Fig. 5 where channel 1 shows waveform at transformer
end and at the end of the saturable core. Table I shows the load and line regulation of multi-output converter.

Table 1. Load and Line regulation of multi-output converter

Specifications Line regulation ≤0.5% Load regulation ≤1.0%
Master output 0.2 0.5
Slave-1 output 0.4 0.4
Slave-2 output 0.3 0.7

Figure 5. Secondary output voltage waveform,Channel 1 shows waveform at transformer end and channel 1
at the end of the saturable core

A switching loss may occur when MOSFET is turned off under the peak resonant drain voltage
condition. In a worst case, this resonant drain voltage can be very high, up to almost Vdc+VRF. However
this drain voltage resonance with high frequency is effectively alleviated by using an additional parallel path
of Lr and Cr to the primary side inductance with the drain-to-source capacitor. The drain voltage can
be kept at the Vdc level just before Q1 is turned off. By observing the Fig. 5 it is shown that the turn
on time of the MOSFET is increased by introducing lossless circuit comprised of inductor, capacitor and
diodes. The waveforms in Fig. 6 show the turn ON time of the switch with 100ns but with the lossless circuit
the ON time is increased unto 336ns. Here, the drain to source voltage is increased with a slope because
of charging time of the capacitors in the lossless passive snubber circuit.This provide slope creates a low
turn on switching losses. Here, the maximum efficiency calculated is 82%, where as efficiency obtained with
convectional technique is 79%.

The experimental results show that the voltage peak level as well as a swing frequency caused by a
leakage inductance and stray capacitance can be reduced. The graph plotted in between with and without
soft switching network in Fig. 7 shows this efficiency improvement. Hence, the results obtained by soft
switching network shows that the efficiency is slightly improved by 3%.
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Figure 6. Waveform: Drain to Source terminal of the MOSFET

Figure 7. Efficiency plot with and without soft switched converter

6. CONCLUSION

This topic has presented the most frequently used topologies for multi-output power supply design.
This snubber circuit can not only reduce the turn-on and turn-off losses of power devices, but can also
remove snubber losses in the converter. This snubber circuit allows the design of very simple, low-cost, high
efficiency switch-mode power supply. Additionally, at full output power this soft switching converter has
overall efficiency, which is about 75% in the hard switching case, increases to about 81%. The completed
prototype circuit and the measurement results proved the effectiveness of the presented approached the
benefits of the selected topology.
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