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Abstract. A high gain DC/DC boost converter is presented. 
This circuit is analysed with reference to the sensitivity analysis 
of the static gain transfer function including parasitic parameters. 
Results demonstrate that a low parasitic resistance of the input 
inductor gives a quasi-ideal behaviour in terms of efficiency and 
boosting but, on the other hand, it implies high variation of the 
static gain versus the duty cycle at its high. This kind of analysis 
is particular meaningful, since it has been demonstrated that the 
sensitivity of the HG (High Gain) boost DC-DC converter to the 
parasitic resistance of the input inductance is higher for lower 
values of the parasitic resistance.  
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1. Introduction 
 
Efficiency improvement plays a key role in the choice and 
design of static power conversion systems. Among these, 
DC/DC boost converters are frequently used in case of 
sources with low output voltage especially in energy 
conversion from renewables where they can perform the 
Maximum Power Point Tracking as well [1-5], and new 
topologies and devices have been studied to improve 
efficiency [6-7]. In addition, they guarantee a low ripple of 
the input current thanks to the presence of an inductor at 
the input; this last characteristic is important expecially 
when the power source is a Fuel Cell [8-13]. On the other 
hand, the parasitic resistance of the input inductor, 
dramatically affects the efficiency, for this reason the 
market proposes new realizations in which the quality of 
the inductor windings is improved to assure a parasitic 
resistance as lower as possible [14-15]. Thanks to these 
features, the range of the maximum duty cycle at which 
the converter can operate, is further increased.  
In addition, new topologies with higher gain than the 
traditional boost converter have been devised so to avoid 
the necessity of cascade connection of more traditional 
boost (T-boost) converter [8, 16-18 ]. 

This paper presents an high gain DC/DC boost converter 
(HG-boost) whose ideal gain is equivalent to a two 
cascaded T-boost. A comparison of the sensitivity 
function of the gain for both the HG-boost and the T-
boost converters is proposed in this paper. The aim of 
this study consists in verifying how a low parasitic 
resistance of the input inductance can influence the 
converter performance from the point of view of the 
control algorithm Finally the results calculated on a 
numerical example are discussed. 
 
 
2.  Traditional Boost Converter 
 
The T-boost converter, shown in Fig 1, can be described 
by a state representation which describes the mean 
behaviour during the switching time swsw fT 1= by the 
equations: 
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and D is the duty cycle of the power switch. The matrices 
A, B, and C are given in appendix (with the symbols 
referred to Fig. 1).  
The static gain, including parasitic elements is obtained 
as: 
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It should be noted that, differently from the ideal case in 
which rL is neglected, the static gain is influenced by the 
ratio rL/R(1-D). This implies that, as the duty cycle 
increases, the ratio rL/R(1-D) becomes comparable to the 
quantity (1-D)  and the static gain exhibits a drop. On the 
other hand, the availability of an inductor with a low 
parasitic resistance improves the T-boost performance in 
terms of static gain and lessening of joule losses.  

L rL D

S C

rC

R VOUT
VIN

 
Fig. 1:  Electric scheme of a the T-boost converter 
 
3. High Gain (HG) boost converter 
 
The HG-boost has been deeply examinated in [1], here 
only the fundamentals are given. The electric scheme is 
shown in Fig 2.  
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Fig. 2:  Electric scheme of the HG-boost converter 
 
Comparing the T-boost with the HG-boost it can be 
observed that the latter has two inductors, two output 
capacitors, four diodes but, like the T-boost, a unique 
power switch is required.  
During TON=DTsw the power switch is in conduction state 
and the equivalent scheme is shown in Fig 3.  
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Fig. 3: Equivalent scheme of the HG-boost converter during TON  
 

The circuit is divided in two parts. A current flows from 
the supply charging the inductance L1; the load is 
supplied by the capacitors and the inductance L2 is 
charged by C2.  
During TOFF=(1-D)Tsw the power switch is in off state 
state and the equivalent scheme is shown in Fig 4.  
In this case, the inductors currents mantain the same 
direction supplying the load.  
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Fig. 4:  Equivalent scheme of the HG-boost converter during 
TOFF 

 
Under the hypothesis of continuous conduction mode, by 
imposing that the mean voltage on the inductors is null, 
the following relationships are obtained: 
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Now by taking into account that the output voltage is 
given by the sum of the voltage across the capacitors, the 
static gain in the ideal case is given by:  
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It should be noted that the HG-boost exhibits a ideal gain 
equal to two cascade connected T-boost.  
By applying the state space averaging technique, the 
matrices A, B, and C can be obtained and the gain in the 
real case is obtained as:  
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Usually it is verified that rL2D2<< rL2<< rL1, in this case 
the gain is influenced only by the ratio rL/R(1-D)2 that , 
differently from the T-boost, increases faster by 
increasing the duty cycle. For this reason, a drop on the 
voltage gain curve is expected for lower values of D 
compared with the T-boost. Even in this case an input 
inductor with low values of parasitic resistance allows the 
HG-boost to be exploited in a wider range of D. 
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4. Sensitivity parameters analysis 
 
In general, for a DC/DC converter, a negligible variation 
of the static gain with the duty cycle and with the parasitic 
input inductor resistance should be desirable. This would 
make easier the control task to maintain the output voltage 
constant during the operation.  
This attitude can be studied by calculating the static gain 
sensitivity as: 
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The sensitivity terms have been computed for both the T-
boost and the HG-boot DC-DC converters.  
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It should be noted that the higher rL, the lower is the 
sensitivity. This results is in the opposite direction 
compared to the static gain curve. In other words an 
inductor with small parasitic resistance will require an 
accurate control algorithm expecially for high values of the 
duty cycle. 
 
 
5. Numerical examples 
 
A T-boost and a HG-boost converters have been designed 
to verify the influence of parasitic parameters in a practical 

case. In particular the HG-boost is designed with a rated 
power of 300 W and a supply given by a fuel cell (FC) 
with output voltage of 30V. The voltage at the output of 
the HG-boost is equal to a 200V, it corresponds to a rated 
load resistance equal to 175 Ω. Anyway, the internal 
resistance of the Fuel Cell (equal to about 0.3 Ω)  has not 
been considered to perform the analysis only with 
reference to the converter.  The T-boost utilizes the same 
inductor, capacitor and power switch. Both converters are 
analysed and compared so to obtain the characteristic 
curves for different values of the load and parasitic input 
inductor resistance versus the duty cycle. All values of 
the components are reported in Table I. 
The curves representing the static gain of the T-boost 
versus the duty cycle with the input inductor as parameter 
is scketched in Fig. 5. 
As expected, a low value of the parasitic resistance 
allows the converter to be used up to about D=0.8 since 
the gain curve remains in the neighbourhoods of the ideal 
case. 
The sensitivity curves are given in Figs 6, 7 and 8 where 
the gain derivative respect to the duty cycle, the gain 
derivative respect to the duty cycle for different values of 
the parasitic input inductor resistance,  the gain derivative 
respect to the parasitic input inductor resistance for 
different values of the parasitic input inductor resistance 
and of the load resistance are respectively reported.  
 

Table I. – Values of the components adopted for the T-boost 
and HG-boost converters 

 
Component symbol T-boost HG-boost 

IGBT T1 IGBT N-Channel 30A - 
600V GW20NC60VD 

Fast Power 
Diode 

D1 STTH12R06 

Fast Power 
Diodes 

D2,D3,D4 - STTH12R0
6 

Input 
inductor 

L1 1.48mH, rL1=0.4Ω 

Auxiliary 
inductor 

L2 - 1.7mH 
rL2=0.8Ω 

Output 
capacitor 

C1 100uF, ESR=0.32Ω 

Output 
capacitor 

C2 - 100uF, 
ESR=0.32Ω

 

 
 

Fig. 5: Static gain of the T-boost versus the duty cycle 
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All figures exhibit a very small value up to a duty cycle 
equal to 0.8. It implies a relatively easy control of the 
converter.  It should be borne in mind however that a very 
low value of the parasitic resistance would permit to work 
with high boost ratio but in this case the derivatives 
present higher variations. 
These informations are summarized in the 3-dimensional 
plot of Figure 9 where it is more evident that when the 
load is far from the rated value for high boosting, the 
sensitivity is raised.  
 

 
 

Fig. 6: Gain derivative respect to the duty cycle for different 
values of the parasitic input inductor resistance 

 
 

Fig. 7: Gain derivative respect to the parasitic input inductor 
resistance for different values of the parasitic input inductor 

resistance 

 
 

Fig. 8: Gain derivative derivative respect to the parasitic input 
inductor resistance for different values of the load resistance 

 
The curve of the static gain of the HG-boost is shown in 
figure 10 where the parasitic input resistance is used as 
parameter. The shape of the curves is similar to the ones 
obtained for the T-boost, however the drop of the gain 
occurs for lower values of the duty cycle. This would 
suggest a possible control of the converter up to a values 
of the duty dycle near to about 0.7 (in the optimistic case 
of rL=0.1), corresponding to gain equal to about 10 that on 
the contrary is dramatically reduced by a higher parasitic 
resistance values. 

 
 

Fig. 9: 3-dimensional plot of the gain derivative respect to the 
parasitic input inductor resistance versus duty cycle and load 

values 
 

Figures 11 and 12 show the derivative of the gain 
function versus the duty cycle adopting as parameter the 
parasitic resistance and the load resistance respectively.  
The same considerations about the T-boost remain valid, 
however, it is more evident that a low value of the 
parasitic resistance of the input inductor induces high 
variation starting from D=0.6. As the influence of the 
load value the operation in the neighboroud of the rated 
load is subjected to lower value of the sensitivity.  
 

 
Fig. 10: Static gain of the HG-boost versus the duty cycle 
  

 
Fig. 11: Gain derivative respect to the duty cycle for different 
values of the parasitic input inductor resistance 
 

 
Fig. 12: Gain derivative respect to the duty cycle for different 
values of load resistance 
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Fig. 13: Gain derivative respect to the parasitic input inductor 
resistance for different values of the parasitic input inductor 
resistance 
Finally the derivative of the gain respect to the parasitic 
resistance, shown respectively in figure 14 assuming the 
parasitic resistance and in figure 15 assuming the load 
resistance as paramenter, assess the considerations that a 
low parasitic resistance makes more difficult the control 
task. In addition, since the parasitic resistance varies with 
the temperature duringthe operation, the control algorithm 
must be robust to face up with these variations. The 3-D 
plot of figure 15 gives a visual outline of the 
aforementioned considerations. 
 
 

 
Fig. 14: Gain derivative respect to the parasitic input inductor 
resistance for different values of the load resistance 
 

 
Fig. 15: 3-dimensional plot of the gain derivative respect to the 
parasitic input inductor resistance versus duty cycle and load 
values 
 
 
6. Experimental tests 
 
In order to highlight what above explained and to assess 
the theoretical analysis of the sensitivity on the HG 
converter,  a series of tests have been performed. In these 
tests the load is step changed and the corresponding values 
of the output voltage and duty cycle are plotted. The 
converter is controlled in closed loop by a PID whose 

parameters are obtained by a classical frequency analysis 
method. The input voltage is maintained constant and 
equal to 30 V, load is purely resistive and the reference 
voltage has been set to obtain an operation with the same 
value of the duty cycle for the three value of the parasitic 
input inductance resistance under test (0.8Ω, 0.4Ω, 0.1Ω).  
Fig. 16 shows the output voltage versus time obtained 
with a load transition of 175-700-175Ω. It can be 
observed that the control system is able to control 
correctly the output voltage even with a step load 
variation. 
It should be further noted that the curve obtained with a 
low parasitic resistance corresponds to the higher output 
voltage, on the other hand it is highly underdamped in 
correspondence of the load step increase. Moreover, the 
higher the parasitic resistance, the lower is the converter 
voltage caused by the reduction of the static gain. This is 
confirmed on figure 17 where the duty cycle  versus time 
obtained with a load transition of 175-700-175Ω is 
shown. It can be noticed, in addition, that at steady state 
value, the same duty cycle are adopted by the controller.  
The tests shown in figures 18 and 19 are performed so to 
operate with the higher value of static gain sensitivity 
(worst case). For this reason both of the output voltage 
and corresponding duty cycles are different for the three 
values of the parasitic resistance. Even in this case, it can 
be observed that a low parasitic resistance is cause of 
oscillations during the load step variation. 
 
 

 
 
Fig. 16: Output voltage versus time obtained with a load 
transition of 175-700-175Ω 
 
 

 
 
Fig. 17: Duty cycle  versus time obtained with a load transition 
of 175-700-175Ω.  
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Fig. 18: Output voltage versus time obtained with a load 
transition of 400-500-400 Ω. 

 
Fig. 19: Output voltage versus time obtained with a load 
transition of 400-500-400 Ω. 
 
 
7.  Conclusions 
 
New topologies of high gain DC/DC boost converters give 
advantages in terms of voltage raising. The presence of an 
input inductance assures a low ripple of the input current. 
In order to increase the efficiency of these converters a low 
value of the parasitic resistance of the input inductance is 
desired. On the other hand, this dramatically increase the 
sensitivity of the static gain especially in the region of 
higher duty cycle, where the converter is required to be 
operated.  
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Appendix: state space representation matrices 
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