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Abstract- This paper presents a new high voltage boosting DC-DC converter topology intended for residential fuel cell power 
systems. The proposed system consists of a high voltage boosting dc–dc converter to boost the fuel cell voltage to 350 V dc and 
a pulse-width modulated inverter with filter to convert the dc voltage to 240V ac. The operating principle of the dc-dc 
converter is based on bootstrap capacitors or charge pumps and series boost inductors. Furthermore, although three switches 
are used, no isolated gate driver is needed instead one half-bridge gate driver and one low-side gate driver is used. Accordingly, 
the proposed converter is easy in analysis and simple in implementation. Simulation and experimental results are 
demonstrated. 
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I. INTRODUCTION 
 
Increasing global pollution levels and depleting fossil 
fuel resources have increased concerns and propelled 
research towards renewable, clean and efficient 
energy. Fuel cells have been considered as a highly 
promising alternative for environmentally friendly 
renewable energy generation due to their 
characteristics of being renewable, clean and efficient.  
A fuel cell powered residential power generation 
system typically consists of a fuel cell stack feeding a 
high voltage boosting dc-dc converter followed by an 
inverter to convert the dc voltage to 240V ac so as to 
power the residential loads. A typical fuel cell 
powered residential power generation system is shown 
in Fig.1. 
 

 
 Figure 1: Typical Fuel Cell Powered Residential Power 

Generation System 
 
The output voltage of fuel cell is very low; hence 
DC-DC converter is required to boost the low fuel cell 
voltage to a regulated higher voltage DC. Finally a 
DC/AC inverter, with output filter cascade-connected, 
is used to obtain AC voltage feeding the load. 
 
As generally recognized, the high-voltage boost 
converters are widely used in renewable energy 
systems such as solar cell system, fuel cell system etc. 
For the fuel cell system, it needs the high-voltage 
boost converter to transfer the low voltage to the high 
voltage which will be transferred to the AC output 
voltage via the DC-AC converter. 

II. SYSTEM ANALYSIS 
 
A. Fuel Cell 
 Fuel Cell is a device that converts the chemical energy 
contained in a fuel, usually oxygen and hydrogen, 
electrochemically into electrical energy. 
 
Of the different modeling methods available, the fuel 
cell here is modeled based on the chemical 
fundamentals. Based on Chemical fundamentals [5], 
the output voltage of a single cell is given by the 
following equation. 
 

conOhmicactNernstFC VVVEV                (1) 
 
Where FCV the output voltage of a single is is cell; 

NernstE  is the electrochemical thermodynamic 

potential of the cell, actV  is activation polarization 

loss, OhmicV  is the ohmic voltage drop and conV  is the 
gas transportation loss. 
 
B. DC-DC Converter 
 
Figure2 shows the proposed high voltage boosting 
converter, containing three MOSFET switches S , 
S  and S , two charge pump capacitors C  and C , 
three charge pump diodes D , D and D  , one output 
diode D  , two inductors L  and L , one output 
capacitor C  , and one output resistor R . 
 
The input voltage is signified by V , the output voltage 
is represented by V  , the voltages across C  , C  , D  , 
and D   are shown by V  ,  V  ,  V , and V , 
respectively, and the currents flowing through  L  , L  
, C  and  C  are denoted by  i  ,  i  , i  and i  , 
respectively.  
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Figure 2:Proposed high step-up converter 

 
The basic operating principle is based on charge pump 
principle and boost inductors. Charge pumps use some 
form of switching devices to control the connection of 
voltages to the capacitor. For instance, a two-stage 
cycle can be used to generate a higher pulsed voltage 
from a lower-voltage supply. In the first stage of the 
cycle, a capacitor is connected across the supply, 
charging it to that same voltage. In the second stage of 
the cycle, the circuit is reconfigured so that the 
capacitor is in series with the supply to the load. 
Ignoring leakage effects, this effectively provides 
double the supply voltage to the load (the sum of the 
original supply and the capacitor). There are 2 boost 
inductors namely L  & L  in the circuit configuration 
which are charged in parallel and discharged in series 
for boosting of the output voltage to the desired level. 
Thus the input voltage, together with energy stored in 
the two inductors along with two charge pump 
capacitors pump their stored energy into the output in 
series thus  boosting the voltage to the desired level. 
 
i. Converter Analysis 
The various assumptions taken for the analysis is 
given as follows: 
      1) The blanking times between the switches are            
Omitted. 
      2) The voltage drops across the switches and 
diodes during the turn-on period are negligible. 
      3) The voltages across capacitors bC  and eC  are   
Assumed to be constant. 
 
For the converter to be considered, the PWM turn on 
types for three switches and the voltages on the 
bootstrap capacitors are tabulated in Table 1. 

 
TABLE 1 

PWM TURN ON TYPES FOR SWITCHES AND 
VOLTAGES ON BOOTSTRAP CAPACITORS 

S  S  S  V   V  

D 1-D D V  2V  

 
The analysis of the converter in continuous conduction 
mode (CCM) with Equal 1L to 2L  is explained in 
two modes of operation. 
 Mode 1 [t  ∼ t ]:During this mode, Switches S and 
S  are turned on, but switch S  is turned off. Due to S  

being turned on, D  is reverse biased, but D  and D  
are forward biased, thereby causing C  to be abruptly 
charged to V  plus V , whereas due to S  being turned 
on, D  is reverse biased, thereby causing C  to be 
discharged. At the same time, the voltages across L  
and L  are V  plus V , thereby causing L  and  L   to 
be magnetized. Also, C  releases energy to the output. 
The power flow during this mode is as shown in 
Figure 3.  In this mode, the voltages across  L  and  L  , 
V   and  V   , can be written as  
 

 

 
Figure 3:Power flow in mode1 

 
 Mode 2 [t  ∼ t  ]: During this mode switches S and 
S   are turned off, but S   is turned on. Due to S  being 
turned on, diode D  is forward biased, thereby causing 
C  to be abruptly charged to V  At the same time, the 
input voltage plus the energy stored in C  plus the 
energy stored in  L  and  L   supplies the load, thereby 
causing C  to be energized, C  to be discharged, 
and L  and  L   to be demagnetized. By doing so, the 
output voltage is boosted up, and is much higher than 
the input voltage. According to the voltage-second 
balance, the voltages V   and V   , and V  
in this mode can be expressed to be 
 

 
 

 
Figure 5: Power flow in mode2. 
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Since V  and V  are equal to V  and 2V , 
respectively, (2), (3), and (6) can be rewritten to be 
                    (7)
    
 
                   (8) 
 
By substituting (7) into (5) and (5), V   
and V    
can be rewritten to be    
 
                   (9) 
 
 
                    (10) 
 
 
Fig.4 and Fig. 5 shows the key waveforms of the 
converter operated in continuous conduction mode 
and the power flow in Mode 2 respectively. 
 

 
Figure 4: Key waveforms for CCM of converter 

 
The converter could also operate in discontinuous 
conduction mode (DCM) with different values of 
inductances. 
 
C. Inverter 
The dc-ac converter, also known as the inverter, 
converts dc power to ac power at desired output 
voltage and frequency. The dc power input to the 
inverter is obtained from the high voltage boosting 
dc-dc converter which boosts the fuel cell voltage. In 
this paper, sinusoidal pulse width modulation 
technique is used to generate gating pulses for the four 
switches of the single phase inverter. The gating 

signals are generated by comparing the sinusoidal 
reference signal and the triangular carrier signal. 
A PI control is also included to regulate the output 
voltage of the inverter so as to power a residential 
load. The feedback loop of the 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 variable. PI feedback 
control method consists of two actions – the 
proportional action and the integral action. 
Ziegler-Nichols method is applied to design the PI 
controller. 
 
III. SIMULATION AND EXPERMENTAL 

RESULTS 
 
To validate the above study, MATLAB/Simulink 
platform has been used to simulate the proposed 
topology. The circuit is simulated for an input voltage 
of 24V. 
 
The various circuit parameters used for the simulation 
is tabulated in Table 2. 

 
TABLE 2 

CIRCUIT PARAMETERS 
Components Specification 

L  = L  170µH 
C                     100 
C  220µF 
C  680µF 
R  400 ohm 

 
The fuel cell is simulated using MATLAB/Simulink 
based on the chemical fundamentals. Figure 6 shows 
the simulink model of the fuel cell. The fuel cell 
system is simulated for a single cell and then it is 
multiplied for the 15 cells so as to obtain the desired 
input voltage. 
 

 
Figure 6: Simulink Model of the fuel cell. 

 

 
Figure 7:Simulink Model of Inverter Subsytem 
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The inverter subsystem for generating gating signals 
to the inverter switches is given in Fig7. Fig.8 shows 
the Simulink model for the complete system. The 
simulation result of the converter as shown in Figure 9 
gives the waveforms of the input voltage, gating 
pulses to the switches, voltage across the inductors and 
the current flowing through the inductor. The output 
voltage of the inverter after simulation is shown in 
Figure 10. 
 

 
Figure 8: Simulink Model of the System. 

 

 
Figure 9:Simulation Result for the converter. 

 

 
Figure 10:Output Voltage of Inverter. 

 
The hardware setup of the converter is shown in Fig.11 
The hardware circuit consists of mainly the converter 
circuit and the control circuit. The control for the 
converter is provided using dsPIC30F2010. The 
converter circuit also consists of the associated gate 
driving circuits for the MOSFETS. The half bridge 
gate driver FAN7392 is used to drive switches S  and 

S  and a low side gate driver FOD3180 is used to drive 
switch S .Fig. 12 to Fig. 14 shows the converter input 
voltage ,gating signals to switches S  and S  and 
output voltages respectively as obtained from CRO. 
 

 
Figure 11: Hardware Setup 

 

 
Figure 12: Input voltage 

 

 
Figure 13:Gate pulse to switch  퐒ퟏ and  퐒ퟑ 

 

 
Figure 14: Converter output voltage 

 
TABLE 3 

COMPARISON WITH DIFFERENT TOPOLOGIES 
Name of Converters  Voltage Conversion 

Ratio 
Presented Topology (3+D)/(1-D) 
Reference 
[10],Topology 3 

(3-D)/(1-D) 
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Conventional Boost 1/(1-D) 

Reference [12] 2*D/(1-D) 
Reference [10], 
Topology 1 

(1+D)/(1-D) 

Reference [10], 
Topology 2 

2/(1-D) 

 

 
Figure 15: Simulation result comparing different Topologies 

 
On comparing different topologies of DC-DC 
converters in Table 3 based on their voltage 
conversion ratio, it is inferred that the proposed high 
voltage boosting DC-DC Converter provides the 
highest voltage conversion ratio. This comparison is 
shown in Figure 15. 
 
CONCLUSION AND FUTURE 
ENHANCEMENT 
 
This paper has presented a new high step-up DC/DC 
converter with pulse width modulated inverter using a 
fuel cell at the input. The topology is intended for 
powering the residential load. The paper is focused on 
an example of the 100W high step-up DC/DC 
converter for residential fuel cell power systems. The 
operating principle, system methodology and 
simulation results are presented and analyzed. A 
complete power conditioning system for a fuel cell 
powered distributed residential power generation 
system, includes a DC-AC inverter following the 
DC-DC converter to provide regulated AC supply 
power. Future work could include development of an 
economical and efficient DC-AC inverter which 
would result in a complete power conditioning system 
for such an application. 
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