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Abstract 

 
A new design approach achieving very high conversion efficiency in low-voltage high-power 

isolated boost dc–dc converters is presented.  The transformer eddy -current a n d proximity 

effects  are  analyzed,  demonstrating  that  an extensive  interleaving  of  primary  and  

secondary  windings  is needed   to   avoid   high   winding   losses.   The   analysis   of 

transformer leakage inductance reveals that extremely low leakage inductance can be achieved, 

allowing stored energy to be dissipated.  Power MOSFETs fully rated for repetitive avalanches 

allow primary-side voltage clamp circuits to be eliminated.  The over sizing of the primary-

switch    voltage rating can thus be avoided, significantly reducing switch conduction losses.  

Finally, silicon carbide rectifying diodes allow fast diode turn-off, further reducing losses. 

Detailed test results from a   1.5-kW   full-bridge   boost   dc–dc   converter verify the theoretical 

analysis and demonstrate very high conversion   efficiency.   The efficiency at minimum input 

voltage and   maximum     power    is    96.8%.    The maximum efficiency  of  the  proposed  

converter  is 98%.The open  loop model there is  no possibility of maintain  a  constant voltage 

with variation  of  input  voltage .   In closed   loop system is maintain a constant voltage is 

applied with various value of input voltage.    Mat lab 7.3 version is used for simulating the open 

loop and closed loop full bridge dc – dc converter is verified. 
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Introduction 

 

High-power   fuel-cell or battery-powered applications,  such as for transportation, forklift trucks, 

or distributed generation, are often   faced   with   the   need   for   boosting   the   low   input 

voltage (30–60 V) to the much higher link voltage (360–400V)  Required  for  interfacing  to the  

utility  grid in  fig  1.  For safety and electromagnetic compatibility reasons, galvanic isolation 

between source and utility grid is often required. High output impedance reduces fuel-cell output 

voltage at maximum   output power.   System   peak power is therefore   reached at   converter 

minimum input voltage.     A drop in converter efficiency at minimum input voltage and 

maximum output power therefore directly reduces the available system peak power. While the 

converter is required to operate over a wide input-voltage range, typically up to a factor of 1: 2, 

high converter efficiency is particularly important at minimum input voltage and maximum 

power. Isolated boost converters have some inherent advantages when used in fuel-cell 

applications.  With  the  storage  inductor  placed  at  the  input side,  input  ripple  current  is  

inherently  low,  requiring  only limited  additional   decoupling   at the input   side. Output 
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rectifying diodes are placed directly across output capacitors, ensuring   minimum   voltage   

stress   and   effective voltage clamping. In a 400-V output application, 600-V rated diodes 

will be sufficient in boost-type topologies. As opposed to this, buck-derived topologies 

require 1200-V diodes or stacking of multiple outputs.   Moreover, clamp circuits  will  be 

required across rectifier diodes in buck- derived topologies. Diode voltage stress in boost 

topologies are thus less than half of the corresponding voltage stress in buck-derived 

topologies. In high-voltage-output applications, buck-type topologies therefore have  

inherent l y larger r e c t i f yi n g  losses  than  boos t  type topologies. The drawback of 

boost-type topologies is the need for the clamping of voltage spikes on primary switches 

caused by parasitic inductances, i .e., t ransformer leakage inductance   and   circuit    

stray   inductances.    Clamping    is typically   performed   by   voltage   clamp   circuits   

requiring significantly  increased  primary-switch  voltage  rating  (up  to three  times  over 

sizing  of  voltage  rating,  thus  dramatically increasing   switch   conduction   losses.   

Alternatively,     active clamping  or  reset  circuits  are  used,  requiring more  switches and  

creating  large  triangular  switch currents  with  increased rms values. Switch current is 

shaped by careful switch timing or resonance in order to reduce switch conduction losses. 

 
 
 
 
 
 
 
 

 
 
 
 
 

Fig1:  Fuel-cell power system with isolated high-gain dc–dc converter. 
 

Isolated full-bridge boost converter 
 
The proposed full-bridge boost dc–dc converter is shown in Fig. 2. The timing diagrams and 

basic operating waveforms are shown in Fig. 3. 

 

2.1. Basic Converter Operation                

 

Primary switches S1–S4 are hard switched and operated in pairs, i.e., S1–S2 and S3–S4, 

respectively.  The drive signals are 1 8 0 ◦ phase shifted.  Switch-transistor duty cycle D is above 

50% to ensure switch overlap and, thus, a   continuous current path for the inductor L1 current. 

The  energy transfer to  output  starts  when  switches  S3  and  S4  are  turned  off. Inductor 

current I L1 flows through primary switch S1, transformer T1, rectifier diode D1, and output 

capacitor C1 and returns to input through primary switch S2.  Inductor current iL1   discharges.  

The period ends when primary  switches  S3 and S4 are turned on again. During switch overlap, 

when all switches S1–S4 are turned on, t he inductor current i L 1 is charged. The current in the 

transformer  secondary winding is zero,   and   diodes   D1 and  D2   are   off.   The   transformer 

magnetizing  current   circulates   in   the   transformer primary   winding  through  switches  S2–

S4  and/or  S1–S3. Capacitors C1 and C2 supply the load current. The period ends when primary 

switches  S1  and  S2  are  turned  off.  A second energy-transfer cycle  starts  when  switches  S1  
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and  S2  are turned off and ends when S1 and S2 are turned on again. The inductor current iL1 

flows through switches S3, T1, D2, and C2 and returns to input through S4. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 2.Isolated full-bridge boost converter with voltage doubling rectifier. 
 
The  converter  requirement  specification  is  listed  in Table  I. Fast  current-switching  speed  

increases efficiency  since  less charge is being diverted from output into primary-side clamp 

circuits.  Current-switching times are limited by transformer leakage inductance and primary-

side stray inductances as well as MOSFET common source inductance whichever is worst 

case.    Transformer leakage inductance can be reduced by extensive interleaving of primary 

and secondary windings. A careful primary-side layout is required to reduce primary side stray 

inductances.  MOSFET common  source  inductance is  a function of  package internal  wiring 

(bonding wire length)  as well as source external lead length 

 
Table I: FULL-BRIDGE BOOST CONVERTER COMPONENTS 

 

 

 

 

 

 

Proportional Integral Control 
 
The  feedback  loop  of  proposed  converter  is implemented  in the   simulation   using   

Proportional    Integral   (PI)   control method.    The PI feedback     control method adds 

positive corrections,  removing  the error  from a  system’s  controllable variables.   PI     

control method consists of two actions-the proportional action and the integral action. The 

proportional action involves multiplying the error with a negative constant (proportional  gain)  

and  adding  the product  to  the  controlled quantity. The principle of proportional action 

requires that the amount  of  change in the  manipulated  variable  vary  directly with the size 

of the error that is the proportional gain dictates the sensitivity  of the  correction action.   

The integral  action involves integrating the error over a period of time and  then multiplies 

with a negative constant (integral gain) and adding the product to the controlled  quantity.  

Therefore, this action averages the measured error over a period of time to find the process 
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output’s average error from the desired value. Integral action brings  the controlled  variable  

back to the set point  in the     presence     of a sustained upset or disturbance that     is 

integral action acts to eliminate steady state error. 
 

 
Fig: Basic operating waveforms of isolated full-bridge boost converter. 

 

                                   
                                Fig4: PI control scheme 
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Design of PI control for a Boost converter 
 
PI control is a traditional linear  control  method used   in   industrial applications.   The   linear   

PI   controller controllers are usually     designed     for     dc-dc      converters using     standard 

frequency response techniques and based on the small signal model of the converter. A Bode plot 

is used in   the   design   to obtain the desired loop gain, crossover frequency and phase margin.  

The stability of the system is guaranteed by an adequate    phase    margin.    However, linear     

PID    and    PI controllers  can  only  be  designed  for one nominal  operating point. A  boost 

converter’s small signal model  changes  when the  operating  point  varies.   The  poles and  a  

right-half  plane zero, as well as the magnitude of the frequency response, are all dependent on 

the duty cycle. Therefore,  it  is  difficult  for the  PID  controller   to  respond well  to   changes   

in  operating  point.  The  PI  controller  is designed for the boost converter for operation   during   

a   start up   transient   and   steady   state respectively. The closed loop of the soft switched dc-dc 

boost converter with PI controller. The load current of the proposed converter  is  given  to the PI 

controller. 

 

   The   time   constant   of the  controller    is designed  according  to  the  small  signal  transfer 

function of the boost converter, which is given below. Then the output  of  the  PI controller  

changes  the  pulse  width  of    the square  wave  that  changes  the  firing  angle  of  the 

MOSFET switch, so the output of the converter is controlled for different load disturbances. The  

small signal model of the  boost  converter  is designed based  on  the  average  state  space  

averaging  techniques,  the small signal transfer function of a boost converter is 

  
 
 
Open Loop Full-Bridge Converter System 
 
The second stage Dc-Dc boost converter is required to step- up the  regulated  60V  output  

voltage  of  the  first  stage  Dc-Dc boost  converter  to  a  nominal  voltage  of 350V,  as  

shown  in figure5.  The full-bridge type is a topology of choice with which a phase-shift PWM 

technique can be implemented. The phase shift control can achieve zero voltage, reducing the 

losses     in the     switch    and    therefore    increasing    system efficiency. High frequency 

transformers are employed t o  allow the 60V output  voltage  of  the  first  stage  converter  

to  be  boosted  to 

350V  for the Dc  link to the inverter and for its smaller  size. Four interleaved  Dc-Dc boost 

converters  was connected in parallel       in parallel-input parallel-output configuration. Four 

high  frequency  transformers  connected  in parallel supply the four  parallel  connected  

diodes  bridges .  Each     of     the transformers    is    rated    one    quarter    of    the    total  

power converter   rating.   This   configuration   reduces   the leakage inductances and 

therefore reduces the duty cycle.  The reduce duty  loss   also   reduces   turns   ratio   of   the  
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transformer.  This reduces  the  voltage  rating  of diodes in  the  secondary side of the   second   

stage   boost   converter   and   current   rating   of MOSFETs in the primary side. 

 
Fig5:   simulation   circuit   for   open   loop system 

 
 

 
The simulation of DC-DC converter is done using MATLAB and   results a r e    presented.   

The   driving   pulses   for   the MOSFETs M1- M4 are shown in figure 6 and 7 and 

output voltage shown in fig 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig6: Pulse and Voltage across M3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig7: Pulse and Voltage across M4 
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Fig8: output voltage waveform 

  
Fig9: Output Voltage Vs Input Voltage 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-2output power in boost converter 
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Fig10: output power Vs Efficiency 

 
 
Closed loop full-bridge converter system 

 
Isolated boost full bridge dc-dc converter is used  for medium  a n d   h i g h   p o w e r   

application.      It  i s   a n alternative source of electrical energy. The input voltage is applied  

to  the  boost  converter  to  boost  the  voltage.    Full bridge  inverter  is used   to   convert    

the    dc    voltage    into ac      voltage.      The transformer  is  used  to  step  up  the  ac voltage  

and  also  isolate  the  low  voltage  and  high  voltage. Rectifier  is  converted  into  ac  

voltage  into dc  voltage.  It  is applied  to  the  resistive  load.  In  forward  direction  the  low 

voltage  side  to  high  voltage  side  the circuit  works  in  boost mode.  In  reverse  direction  

high  voltage side  to  low  voltage side  the  circuit  works  in  buck  mode.  The harmonic  

current pollution of the ac power systems is being restrained by international   standard.   A   

dual   active   full   bridge   dc–dc converter  for  high   power   bidirectional  application.   A  

dual active half bridge soft switching bidirectional, avoiding voltage spike  issue  in  a  current  

fed  inverter.  The  converter operates in continuous conduction  mode  with  soft  commutation  

of the control switches and constant frequency pulse width modulation. 

 

The  duty  cycle  of  the  two  pulse  width  modulated signal produced by mat lab are 

synchronized with 180°  phase shift. The isolated boost  full  bridge topology  can converter 

low input  voltage  to  high  output  voltage.  The  simulation  of full bridge  dc-dc  converter  

using  both  the  control  scheme was implemented  on  MATLAB  7.3  version  simulation  

tool and found  that  phase shifted control scheme is better than the conventional scheme. It 

deals with PI controller is proposed the open loop does not maintain the constant voltage with the 

variation    of    input.    The    closed    loop    system (fig: 11) is    maintained    c o n s t a n t     

v o l t a g e             with    t h e v a r i a t i o n  o f      input voltage.  The  circuit  model  of  the 

closed loop system is shown in  Fig.  Output voltage  is  sensed and  it  is  compared  with  the 

reference  voltage.  The  error  is applied to a PI controller. The output  of  PI  controller  is  

used to  generate  proper pulses  to drive t h e  M O S F E T  i n  t h e output rectifier. A c o n t 

r o l l e d converter is recommended to get  constant  voltage  across  the load.  The  response  

of  closed loop system is shown in Fig12, From  this  figure,  it  can  be seen  that  the  

output  voltage increases, oscillates and reduces to the set value of 250V. 
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Fig11:  Schematic diagram of closed loop system 
 
From  the  output  it  can  be  seen  that  the  output   voltage increases.  There  is  a  steady  

state  error  in  the output  of  open loop system. The output voltage is sensed and it is 

compared with the reference voltage. The error signal is given to the comparator through PI 

controller. The output pulses of PWM generation system are given to the MOSFET. The 

response of closed loop system as shown in figure. From the response it can be seen that  

the  output  voltage  reduces and  settles at  he set value. The steady state error becomes zero. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig12: Output response of closed loop control 
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Fig13: measured converter efficiency including drive power 

Conclusion 

 

A new design  approach  to  achieve very  high efficiency  in low-voltage  high-power  

isolated  boost dc–dc  converters  has been presented. High-power  low-voltage transformers 

require an  extensive  interleaving  of  windings  to  keep  ac  resistances low.     Extremely   

low    primary   leakage    inductances    are achieved, allowing  the  dissipation  of  stored  

leakage  energy. Thus, t h e v o l t a g e rating of   switches   rated   for   unclamped inductive   

switching   can   be   reduced,    greatly   improving converter efficiency. Silicon carbide 

Schottky diodes have no reverse r e c o v e r y  a n d  allow    very fast current switching, 

further increasing efficiency.   Test   results   from   a   1.5-kW prototype   converter confirm 

the achievement of fast current switching, low parasitic circuit inductance, and very high 

efficiency.  The  worst  case  efficiency  at  maximum load  and minimum input voltage is 

96.8%. The maximum efficiency of the proposed converter is 98%. 

The open loop and closed simulation can be  presented.  The advantages  of  Boost converter  

are  also  obtained by adding Boost  converter  at  the  input  side.  This circuit  is  capable  of 

performing D.C.to D.C. Conversion with high efficiency. The circuit using PI controller to 

maintain a constant with various value of input. 
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