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ABSTRACT

There is a growing need to reduce the size and weight of DC power supplies and at the same time improve power supply
efficiency, be it in the areas of electronic power adapters or inverters. This paper presents a push pull topology of boost
converter based on switched mode power supply. The converter utilizes an existing DC power supply capable of delivering 12V
or a lead-acid battery of 12V as power input and transforms it to 330V dc. This kind of output voltage can be processed by
inverter switches-into an alternating AC signal. SG3525 pulse width modulator circuit controls the duty cycle of the MOSFET
switches and implements closd loop control which reduces sensitivity of the system to parametric changes. The complete design
is modeled using proteus software and the output verified practically.
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1.0 INTRODUCTION

The push pull converter, a dc/dc transformer isolated converter, is a two forward converters derivative operating
180° out of phase[9] [4] [6].

A push-pull converter operates as an interleaved forward converter and is ideal for higher power designs above
200W[6]. The push-pull converter has all the benefits of a forward converter while exhibiting lower input and output
ripple currents compared to the forward, thus having smaller filter components. The push-pull converter can operate
over the full duty cycle from zero to one.[5] [6]

Double-ended topologies, such as push-pull, half-bridge and full-bridge, allow higher efficiencies and greater power
densities when compared - with common single-ended topologies including flyback and forward
converters[1][3].Therefore, double-ended topologies are increasingly popular in many applications, especially
telecom and automotive.

2.0 PRINCIPLE OF OPERATION OF PUSH PULL CONVERTER

The basic topology of Push Pull converter is shown in figurel.The input DC voltage is switched through the center-
tapped primary of the transformer by two switches, Q1 and Q2, during alternate half cycles. These switches create
pulsating voltage at the transformer primary winding. The transformer used provides isolation between the input
voltage source V,y and the output voltage Vour. The switches Q1 and Q2 are driven by the control circuit, such that
both switches should create equal and opposite flux in the transformer core.

In the steady state of operation, when the switch Q1 is ON for the period of Toy, the dot end of the windings become
positive with respect to the non-dot end. The diode Ds becomes reverse-biased and the diode Dg becomes forward-
biased. Thus, the diode D¢ provides the path to the output inductor current I, through the transformer secondary Ns,.
As the input voltage Vy is applied to the transformer primary winding Npy, a reflected primary voltage appears in
the transformer secondary. difference of voltages between the transformer secondary and output voltage Vour is
applied to the inductor L in the forward direction.
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Fig.-1: Push Pull Converter Topology

The inductor current I_ rises linearly from its initial to its peak value. During this TON period while the input voltage is applied
across the transformer primary. Np; the value of the magnetic flux density in the core is changed from its initial value of B, to B,,

At the end of the Ty period, the switch Q; is turned OFF, and remains off for the rest of the switching period Ts. The switch Q,
will be turned ON after half of the switching period Ts;,, Thus, during the Torr period, both of the switches (Q; and Q,) are OFF.
When switch Q, is turned OFF, the body diode of the switch provides the path for the leakage energy stored in the transformer
primary, and the output rectifier diode Ds becomes forward-biased. As the diode D5 becomes forward-biased, it carries half of the
inductor current through the transformer secondary Ns; and half of the inductor current is carried by the diode D¢ through the
transformer secondary Ns, This results in equal and opposite voltages applied to the transformer secondaries, assuming both
secondary windings Ns; and Ns, have an equal number of turns. Therefore, the net voltage applied across the secondary during
the Torr period is zero, which keeps the flux density in the transformer core constant to its final value B2. The output voltage
Vour is applied to the inductor L in the reverse direction when both switches are OFF. Thus, the inductor current I, decreases
linearly from its initial value. Table 1 shows the push pull parameters and specifications

Table 3: Push Pull Converter Specifications

Parameter value
Input voltage norminal 12v
Input voltage Mininum oV
Input voltage maximum 14V
Output voltage maximum 330V
Output voltage minimum 283V
Output power 100W
Output current 1A
Input current norminal 8A
Switching frequency 50kHz
Switch Duty Cycle 45%

3.0 PUSH-PULL DESIGN CONSIDERATIONS
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The converter is supplied by a low ESR capacitor C7 to lower the battery bus ripple current and the EMI of the
converter input. The converter’s MOSFETs Q5 and Q6 are controlled by SG3525 current mode controller. Because
of the voltage source character of the converter, the rectifier has to be a current type, which is why smoothing
chokes L is used. Over voltage spikes across the rectifier diodes, due to the diodes reverse-recovery and transformer
leakage, are clamped by RCD snubbers consisting of a Rg- C;- Dg. C,4 Filters the output voltage. Figure 23 shows the
circuit implementation
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Fig. 2: Circuit Implementation of Push pull Converter Controlled By SG3525
3.1 PUSH PULL CONVERTER DESIGN PROCEDURE

3.1.1 Transformer

To come up with transformer design, the first task is to choose an appropriate transformer core. The core size can be
selected Based on manufacturer power-handling-capability core tables. Subsequently, the maximum core flux
density travel AB is determined from the core manufacturer data sheet, then the approximate number of turns can be
calculated for both primary and secondary windings. Since the number of turns is usually an integer, the number is
rounded and the real flux-density travel is calculated. If AB is below a maximum limit with respect to the switching
frequency (core material dependent), winding turns and the cross-sectional areas are calculated for all respective
windings

For a 100W output power consideration, ETD44 core can be selected. The parameters specification is as follows:
Core factor > = 0.589mm™1, Effective volume V, =17800mm3

Effective lengthn L, = 103mm, Effective area A, = 173mm?, Flux density travel = 400mT.

Using faradays law of electromagnetic induction, the amount of magnetic charge into the core is given by
d

V=Y_nN¥=-pNsZ (1)
dt dt dt

Where

V; = induced voltage, y =linkage flux in the core, N= number of turns, S= Core cross sectional area, B=flux

density in the core,

Intergrating the induced voltage gives

[V,dt = N.S.AB (2)

Where AB is flux density travel. Since the induced voltage during the steady state operation of the converter is

constant and equal to input voltage, the magnetic charge in the core is given by

[Vidt = V5. Ds. T 3

Where V, is input voltage norminal, Ds is switching duty cycle, T is switching period
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Therefore,
[Vidt =12x 0.45 x 2 X 107° = 108x 10~°uV
To calculate the number of primary turns, equation (2) is rearranged to give
Jvide 108x107¢
Nl = = 6 = 2t
S.AB 173%x107°x0.4 i . . i . .
For forward type converter, the turn ratio of primary to secondary winding is given by

& — Vout (4)
N, VinXDs Max

where Dy Max is the duty cycle defined at maximum value of 98%,
V,.: 1S the output voltage taken at the maximum value of 330V, V,y is the input voltage taken at a minimum value
of 9V

Therefore

N 330

2= =37t
N;  9%0.98

N, =N, X37 =2x37 =74t
3.1.2 MOSFET Switch selection

The voltage rating of MOSFETS in the design of power converters is based on voltage spikes that can possibly occur
during MOSFET switch-off. Of course it also depends on the drain current, switching frequency, the input voltage,
load conditions, and transformer properties. For push-pull, a number of twice the input voltage is usually sufficient.
IRF540 is a high speed switching N-channel MOSFET with Vjgs = 100V, Rpsony = 77mf2, Ip = 304. It is a
choice in this design.

3.1.3 Rectifier diode selection

Rated diode voltage is given by the voltage waveform applied to the diode. As the rectifier is current-loaded there is
no natural clamp for over voltage spikes at the instant of a diode reverse recovery. That is why a suitable snubber
has to be implemented in order to cut-off the excess energy that could possibly overheat the diode chip by internal
avalanche. An ultra fast diode STTH10LCDO6 is used with current rating of 10A, reverse voltage of 600V, and
100ns reverse recovery time. This diode is good enough for 50kHz switching frequency.

3.1.4 Filter chokes

A basic design consideration when implementing a filter choke is to look at the rectified current ripple.

For an output current level in the range of 1A, the relative ripple r; can be considered in the range of

50 to 20%. Let r; equal 30% for nominal conditions. Then the filter choke inductance value is given by
N: D .T

L= VL-E = (VINN_i = VOUT) o ®)

riloyr

V, = voltage across the choke during active cycle
AT =the time during active cycle

Ai =current ripple

V;x =norminal input voltage

N: . .
N—Z =transformer primary to secondary turn ratio

1
Vour =norminal output voltage
Dgpax =maximum switching duty cycle
r; =relative current ripple

loyr =norminal output current

-5
L= (12 X % - 325) X % =7.7mH. Therefore a choke of 7.7mH inductance is wounded on a ferrite bead.

3.1.5 Push pull control

The control of the output voltage of the converter is made possible by implementing a PWM control scheme that
switches the power MOSFETs ON and OFF at a desired frequency and changes the duty cycle of the control signal
based on the preset conditions. SG3525 pulse width modulator control circuit is implemented to achieve PWM
control.
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3.1.6  Frequency setting

Frequency of operation of SG3525 can be set by first chosing the value of the timing capacity and resistor C+ and
Rr.
From the C;, Ry and Rp curve of SG3525, the recommended value for Ctis (1nf-0.2uf), Ryis (2K-150K), Rp is
(10Q-47Q) Css is (Luf—22uf). The switching frequency is given by
1
= Cr(0.7R74+3Rp) )
T\V./RT D

Cr= 2nf R= 14kQ, Rp= 100 Therefore
! = 50kHz

T 2x1079(0.7x14x103+3x10)

3.1.8 Output voltage control

The internal voltage reference of SG3525 is
Vyer =5.1V £1% on pin 16

Vyer ON pin 2 (non inverting terminal of the error amplifier) equals
R8 10

=51x =2.55V, therefore V.., on pin 2 is 2.55V

R8+R7 10+10
This voltage needs to be compared with the voltage on the inverting terminal of the error amplifier. This is done by

using a voltage divider to feedback the output voltage of the push-pull to pin 1 of SG3525. When voltage on the
inverting pin (pinl) is greater than voltage on the non inverting pin (pin2), duty cycle is decreased, similarly, when
voltage on the non inverting pin (pin2) is greater than voltage on the inverting pin (pinl), duty cycle is increased.
Therefore,

Ry

Vier = Vourm (44)
Ry = 10KQ , V,..; =2.55V(voltage on pinl), Vyur =330V(Nornimal DC buck voltage at the converter output)
— 255/ =330V x —X— =R, = 790
Ry+10kQ

4.0 RESULTS AND DISCUSSION

The circuit was constructed and tested using digital storage oscilloscope and voltmeter to observe the gating signal
as shown in figure 3 and output voltage of the converter as shown in figure 4.

Fig. 3: Complementary Gating Signals Generated By Sg3525
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The SG3525 produced a two complementary gating signals that switches the two MOSFET 180° out of

phase.

- 4 /
Fig. 4: Complete Circuit Prototype Showing DC Voltage Input And Output

The circuit however responded with the minimum input of 8.3Vdc when tested with variable DC voltage supply.
The output voltage was seen to be 328V.

5.0

CONCLUSION

There are many topologies that can be used to achieve DC to DC voltage convertion. Push pull converter topology is

used in this research due to its simplicity and the ability to scale out high throughput. From the results generated, it

is possible to achieve higher voltage when the transformer turn ratio is increased.
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