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ABSTRACT: Switched-mode power-supply (SMPS) converters find use in a wide variety of applications, ranging 
from a fraction of a milli watt in on-chip power management to hundreds of megawatts in power systems. In this 
paper, a multiple output dc-dc converter based on Two Switch Forward Topology is designed and developed. The 
power module consists of a converter which delivers constant voltage outputs frominput battery supply. Converter 
works in closed loop mode with necessary compensation circuits to meet the output regulation requirements for 
change in load. Loop Feedback is closed by make use of control winding. Input output isolation is met using gate 
drive transformers. The multiple output dc-dc converter is designed and investigated by using ICAP/4 using PWM 
controller UC1825. The simulation results have demonstrated that the proposed converter delivers constant voltage 
outputs with high reliability. 
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I. INTRODUCTION 

 
Many of today's high speed digital logic circuits has many components whichdemands power supply of different 

voltage levels.The requirement for multiple voltage levels, to support different digital systems, may bedriven by a 
single dc source, viz., battery. One approach to regulate multiple outputs froma source is to have a single power 
converter with multiple outputs, e.g., a fly back or forward converter with multiple secondary windings, and regulate 
the outputs. This approach is more common due to its simplicity; however, a transformer is needed even if isolation is 
not required. The forward converter is one of the most popular switching topologies for lowand medium power 
applications. 

 
Multiple output converters regulate their main output, from which the feedback signalis generated, with very good 

accuracy[1]. The other outputs are regulated with lesseraccuracy since they are not part of a closed loop regulation 
scheme. In applications wheretight voltage regulation of each output is necessary, some sort of post regulation 
technique isused to regulate the auxiliary outputs of a multiple output converter. Post regulation of theother outputs can 
be achieved by linear post-regulators, individual DC-DC convertersetc. Linear post-regulators are extensively used for 
low current outputs. 
 

A power distribution system for supplying multiple loads with individually regulatedvoltages from a controlled 
current source is presented in [2]. Push-pull converter and forward converter are two kinds of popular DC-DC 
converter[4]. But they have their inherent problems. Transformer in push-pull converter may meetunbalance 
magnetization and this will result in transformer saturation. Forward converter is very popular in DC-DC application. 
In low voltage, high currentpower conversion, this topology is also favourable. Primarily, this is because it is the 
simplestisolated step-down topology [6]. 
 

A circuit is proposed to alleviate the problems associated with using synchronous rectifiers in forward converters in 
[2]. The main feature of the converter is the introductionof an LC snubber circuit on the primary side of the forward 
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converter. But this approach leads to the addition of activeswitch which requires additional gate drive circuit and makes 
control complicated. The forward converter with the active-clamp reset offers many advantages over the forward 
converters with other transformer-reset methods [3]. 
 

To obtain an isolated power supply, two-switch Forward converters consist in one of themost suitable topologies 
since the power switches need to block only the supply voltageinstead of twice or more times the supply voltage as in 
fly back or single-ended Forward converter [7]. 

 
The objective of this work is to designand develop a multiple output dc-dc converterbased on Two SwitchForward 

Converter topology. The DC-DC converter is designed toprovide multiple output power rails for common requirements 
in industrial applications with input battery supply varies from 24V-36V. Converter works in closed loop mode with 
necessary compensation circuits to meet the output regulation requirements for change in load. Loop Feedback is 
closed by make use of control winding. Input output isolation is met using gate drive transformers. The multiple output 
dc-dc converter is designed and investigated by using ICAP/4 using PWM controller UC1825. The simulation results 
have demonstrated that the proposed converter delivers constant voltage outputs with high efficiency and reliability. 

 
In this paper, a multiple output dc-dc converter. Section II deals with two switch forward converter topology and its 

operation. In Section III, the circuit analysis of the converter is discussed. Section IV deals with the proposed converter 
circuit to provide multiple output voltages and component selection. Simulation results to verify the converters’ 
characteristics are presented in Section V. Finally, Section VI draws the concluding remarks. 

 
II. TWO SWITCH FORWARD TOPOLOGY 

 
As the name indicates two switch forward converter topology has two transistorswitches rather than one compared 

with the single ended forward converter [1]. Figure.1 show a multiple output dc-dc converterbased on Two Switch 
Forward Converter topology, which delivers multiple power rails. Two switches Q1 and Q2 are in series with the 
transformer primary. These transistors are turned on and off simultaneously. In the off state, both transistors are 
subjected to only the DC input voltage rather than twice that, as in the single ended converter. The two switched 
forward converter works in two modes as follows. 

 

 
 

Fig.1Two switch forward converter topology 
A. Mode 1 of Circuit Operation 

In Mode 1 of circuit of circuit operation, both switches Q1 and Q2 are turned ON. This connects the input voltage 
source, Vin to the primary winding. Both primary and secondary winding starts conducting simultaneously with the 
turning on of the switches. Figure 2(a) shows switches Q1 and Q2, which turn on together, transferring energy through 
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the transformer primary into the secondary. On the secondary, the forward rectifying diodeD1 conducts, transferring 
the energy into the output filter and load. 

 
B. Mode 2 of Circuit Operation 

When transistors Q1 and Q2 are turned OFF, the transformer magnetizing current flows through the now forward-
biased diodes on the primary of transformer and then back into the source as shown in Figure 2(b). Since these 
forward-biased diodes clamp the input voltage, no snubber circuit is required. On the secondary, the freewheeling 
diodeD2 conducts as shown, transferring the output inductor energy to the load. 

 
Fig. 2 (a) Mode 1of circuit operation (b) Mode 2 of circuit operation 

 
III. CIRCUIT ANALYSIS 

 
The working of a multiple output two switch forward converter is shown in Figure 2. It operates in two modes 

depending upon the condition of the switches Q1 and Q2. In mode 1, switches Q1and Q2, which turns on together, 
transfers’ energy from input supply through the transformer primary into the secondary. On the secondary, the forward 
rectifying diode conducts, transferring the energy into the load. In mode 2, when switches Q1and Q2 are OFF, the 
transformer magnetizing current flows through the forward-biased diodes on the transformer primary and then back 
into the source. On the secondary, the freewheeling diode conducts as shown, transferring the output inductor energy to 
the load. 

 
The equivalent circuits of mode-1 and mode-2 can be used to derive a steady state relation between the input 

voltage, switch duty ratio (D) and the output voltage. 
 
The inductor voltage (VL) during mode-1 can be written as: 

푉퐿 =
푁푠
푁푝 ∗ 푉푖푛 − 푉표 

For mode 2, 
푉퐿 = −푉표 

 
Thus output voltage can be obtained as: 

푉표 =
푁푠
푁푝 ∗ 퐷 ∗ 푉푖푛 

The output voltage of forward converter is directly proportional to the duty ratio, D. It may be noticed that except for 
transformer scaling factor, the output voltage relation is same as in a simple buck converter. 

 
IV. CIRCUIT DESIGN 

 
The block diagram of the proposed DC-DC converter to provide multiple constant output voltagesis shown in figure 

3. The input battery supply varies from 24-36 V with a nominal voltageof 28V.The converter is designed to provide 
multiple voltage outputs (+15V, -15V, 5V) and a house keeping output of 15V.LoopFeedback is closed by making use 
of house-keeping winding.The requirement specifications of the converter are shown in Table I. 
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TABLE I 

REQUIREMENT SPECIFICATION 
Sl 

No. 
Outputs Vout Iout Ripple 

voltage 

1 +15V 15V 150mA 50 mV 
2 -15V 15V 50mA 50 mV 
3 5V 5V 200mA 50 mV 
4 15V HKP 15V 150mA 50 mV 

 

 
 

Fig. 3 Block diagram of the proposed circuit 
 
The converter consists of two switches which are switched simultaneously by usingPWM controller-UC1825. Input 

supply for the PWM controller is derived from the inputbattery supply by using 3T regulator, LM117. Converter works 
in closed loop mode with necessarycompensation circuits to meet the output regulation requirements for change in 
load. LoopFeedback is closed by making use of house keeping winding. Input output isolation is met usinggate drive 
transformers. Here the one output i.e. HKP output, from which the feedbacksignal is generated, is regulated with very 
good accuracy. The auxiliary outputs converteris regulated with lesser accuracy since they are not part of a closed loop 
regulation scheme.To achieve tight voltage regulation of each output, linear post-regulators are used at each output of 
the multiple output converter. Once the converter starts working, the input supply for the PWM controller is derived 
from the house keeping output. 

 
A.Switching Transformer 

The Switching transformer is the heart of the SMPS[8]. It transfers the energy from the source to the converter. 
Also, it provides isolation between the input power source and the device. The transformer is designed with required 
turn’s ratio to meet the voltage and current requirements.  

 
Turns ratio of switching transformer can be calculated as follows: 

푇푢푟푛푠_푟푎푡푖표 =
푉_표푢푡 + 푉_3푇푑푟표푝 + 푉_푑푖표푑푒

푉_푑푐푚푖푛 ∗ 퐷_푚푎푥  
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TABLE III 
TURNS RATIO SELECTIONS  

 V1 V2 V3 HKP 

Output voltage (V) 15 15 5 15 
V3T_dropout 2 2 2 0 

Vdiode 0.5 0.5 0.5 0.5 
Dmax 0.4 0.4 0.4 0.4 

Turns ratio 1.79 1.79 0.78 1.58 
 

The size of a power transformer is determined by Area product. An appropriate core will be selected which 
must have area product greater than the calculated Ap. For a forwardconverter, area product is calculated from the 
value of output power as: 

퐴푝 =
퐷푚푎푥 ∗ 푃표푢푡(1 −퐷푚푖푛)

(퐾푤 ∗ 푓 ∗ 퐽 ∗ 10^− 6)  

Switching Transformer is designed for maximum allowable flux density Bm= 0.125T, Current density J = 4A/mm2, 
window utilization factor Kw= 0.4 and efficiency, is takento be 80%. 
 
The primary number of turns is selected as N1= 10 turns.  
The number of turns of secondary-1 = turns ratio1*N1= 18 turns 
The number of turns of secondary-2 = turns ratio2*N1= 18 turns 
The number of turns of secondary-3 = turns ratio3*N1= 8 turns 
The number of turns of secondary-4 = turns ratio4*N1= 16 turns 
 
B.Rectifier 

The diode rectifiers are selected to meet the respective voltage stress and current stress through the diode. 
Schottky diode, 1N5811 having VRRM of 150V, 3A is selected. 
 
C.Output Filter 

The output filter section of a forward-mode converter (or LC filter) is a series inductor followed by a shunt 
capacitor.  
The inductor is used to reduce the ripple current. Output inductance is designed for ripple current of 10%. The output 
inductance is selected as: 

퐿 =
푉표푢푡(1−퐷푚푖푛)

(2 ∗ 푓 ∗ ∆퐼)  

Output capacitance value for an output ripple voltage of 50mV is computed as: 

퐶 =
∆퐼표푢푡

(8 ∗ 푓 ∗ 푉푟푖푝푝푙푒) 

 
Final selection of various components for output filter network based on the equations above are shown in Table III. 
 

TABLE IIIII 
SELECTION OF OUTPUT FILTER COMPONENTS 

Outputs Selected 
capacitance 

Selected 
inductance 

Ripple 
voltage 

Current 
ripple 

Cut-off 
frequency 

+15V 0.18uF 1.5mH 42mV 10% 9.6kHz 
-15V 0.068uF 4.4mH 37mV 10% 10.7kHz 
5V 0.66uF 0.37mH 45mV 10% 10kHz 

15V HKP 0.15uF 1.2mH 50 mV 12% 12.5 kHz 
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V. SIMULATION 
 
The simulation of the dc-dc converter was performed using ICAP/4 software. The simulation circuit of the DC-DC 

converter to provide multiple constant output voltages is shown in figure 4. The simulation is carried out on resistive 
load with inputbattery supply varies from 24-36 V with a nominal voltage of 28V. The converter is designed to provide 
multiple voltage outputs (+15V, -15V, 5V) and a house keeping output of 15V. Simulations are carried out for a 
switching frequency of 250 kHz. 

TABLE IVV 
CONVERTER PARAMETERS 

Input supply 24V-36V battery 

Output voltage +15V, -15V, 5V, +15V (HKP) 
PWM controller UC1825 

Switching frequency 250kHz 
MOSFET 2N7269 

Diodes 1N5811 
 

The converter consists of two switches which are switched simultaneously by using PWM controller-UC1825. Input 
supply for the PWM controller is derived from the input battery supply by using 3T regulator, LM117 as shown in 
Figure 4.Converter parameters in the simulation were discussed in Section III and in Table IV. 
 

 
 

Fig. 4Simulation Circuit of Two Switch Forward Converter 
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Simulation waveforms are shown in figure 5, where OUT A and OUT B is the PWMoutputs of UC1825,CLK is the 
voltage at clock terminal of UC1825, VGDT is voltage atthe secondary of gate drive transformer and, VGS1 and VGS2 are 
gate driving signals. Thetwo PWM outputs, OUTA and OUB are 1800out of phase as shown in the figure. In the figure, 
VGS1 andVGS2 show simultaneous switching of the two MOSFET switches. 

 

 
Fig. 5 Output waveforms of theUC1825 

 

 
Fig. 6 Output waveforms of the circuit for Vin = 24V 

 
 

 
Fig. 7 Output waveforms of the circuit for Vin = 36V 
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Unregulated and regulated output waveforms of the proposed converter for minimum and maximum supply 
voltageare shown in figure 6 and figure 7. Plot 1 shows output voltage at +15V output. Plot 2 shows the output 
waveforms at -15V output, Plot 3 shows the output waveforms at 5V output, and Plot 4 shows output voltage at the 
house keeping winding 

 
VI. CONCLUSION 

 
In this paper, a multiple output dc-dc converter based on Two Switched Forward topology is proposed. The 

advantages of this topology include: no need of additional winding in transformer as in single switch topology; 
thevoltage stress in power switches is limited to maximum supply voltage; snubber circuitry isnot required; the circuit 
is easy to implement; simplicity of operation over a wide range ofinput voltages and load conditions. 

 
In this paper, a multiple output dc-dc converter is designed and developed. The inputbattery supply varies from 24-

36V with a nominal voltage of 28V. The converter delivers constant voltage outputs (+15V, -15V, 5V and+15V HKP) 
with input output isolation using gate drive transformers. Converter worksin closed loop mode with necessary 
compensation circuits to meet the output regulationrequirements for change in load. Loop Feedback is closed by make 
use of control winding.The converter is designed and simulated by using ICAP/4 where PWM controller UC1825 is 
used to control the switching of the switches. The simulationresults have demonstrated that the proposed converter 
delivers constant voltage outputs with high reliability. 
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