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High Step-UP DC-DC Converter Using Cascode
Technique
J.Shankaraiah, G.Kumara Swamy and Dr.K.Sri Gowri
Abstract — A transformer less high step-up DC-DC converter
is investigated in this paper. Two buck-boost converters are
integrated with single switch. The input voltage of the front
semi-stage is the DC source. The input voltage of the rear semistage is the series of the DC source and the output voltage of
the front semi-stage. Moreover, the output voltage of the
proposed converter is the output voltages of the two semistage by cascode. Thus, high step-up voltage gain can be
achieved with appropriate duty ratio. The operating principle
and steady-state analysis of the proposed converter are
discussed in detailed Finally, a laboratory prototype circuit is
implemented to verify the performance.

Fig. 1. Fuel-cell electric conversion system.

Keywords: buck-boost converter, high step-up voltage gain,
cascode technique.

I. INTRODUCTION
II. OPERATING PRINCIPLES OF THE PROPOSED
High step-up DC-DC converters are used in manyCONVERTER
applications, such as renewable energy conversion,
uninterruptible power supplies (UPS), and high intensity
Fig.2 shows the circuit configuration of the proposed
discharge (HID) lamp for automobile headlamp. Fig. 1
converter, which includes one switch S, three diodes D1,
shows the fuel-cell electric conversion system. The high
Do1, and Do2, inductors L1 and L2, and output capacitors
step- up DC-DC converter is required to boost the fuel-cell
Co1 and Co2. Two buck-boost converters are integrated into
output voltage 24 - 40 V up to 200 V to supply power to the
the proposed converter by using single switch. The input
rear stage - inverter. In order to achieve high voltage gain,
voltage of the front semi-stage is the DC source and the
the conventional boost converter must be operated at
input voltage of the rear semi-stage comes from the DC
extremely high duty ratio. However, due to the impacts of
source and the output voltage of the front semi-stage by
the parasitic resistive components and the reverseseries. Moreover, the output voltage of the proposed
recovery problem of the diodes, the conventional boost
converter comes from the output voltages of the two semiconverter can not achieve high voltage gain. The DC-DC
stage by cascode. Thus, high step-up voltage gain can be
flyback converter is a very simple structure with high stepachieved without extremely large duty ratio. Some typical
up voltage gain and electrical isolation. However, the
waveforms are shown in Fig. 3. In order to simply the
active switch of these converters will suffer high voltage
analysis of the operating principle, some conditions are
stress due to the leakage inductance of the transformer. For
assumed as follows:
recycling the energy of the leakage inductance and(i)
Diodes D1, Do1, and Do2 are ideal.
minimizing the voltage stress on the active switch, some (ii) The capacitors Co1 and Co2 are enough large. Thus, the
energy-regeneration techniques have proposed to clamp the
output voltage can be considered as constant.
voltage stress on the active switch and to recycle the
When the proposed converter in continuous conduction
leakage-inductance energy This paper proposes a
mode (CCM), the operating principles are described as
transformerless high step-up DCDC converter. The high
follows:
step-up voltage can be achieved by using the cascode
technique. The operating principle is described in section II.
Mode I: During this time interval [t0, t1], S is turned on.
The steady-state analysis of the proposed converter is
The equivalent circuit is shown in Fig. 4(a). The energy is
discussed in section III. The experimental results are
transferred from the DC source to inductor L1 through
presented in section IV. Finally, the conclusion is given in
switch S and diode D1. Also, the DC source and capacitor
section V.
Co1 are series to release their energies to inductor L2
through switch S. So, the inductor currents iL1 and iL2 are
increased linearly. Moreover, the energies stored in
capacitors Co1 and Co2 are discharged to the load by series.
At t = t1, the mode is end when switch S is turned off. Thus,
the voltages across inductors L1 and L2 are given as
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From equations (1) and (2), the inductor currents iL1 and
iL2 are derived as follows:

Mode II: During this time interval [t1, t2], switch S is
turnedoff. The equivalent circuit is shown in Fig. 4(b). The
energies stored in inductors L1 and L2 are released to the
parasitic capacitor Cds. The energies stored in capacitors
Co1 and Co2 are discharged to the load by series. At t = t2,
the voltage across capacitor Cds is charged to Vin+VCo1
and this mode is end.

Fig. 2. Circuit configuration of the proposed converter.

Mode III: During this time interval [t2, t3], switch S is still
turned off. Since the voltage across capacitor Cds is equal to
Vin+VCo1 at t = t2. Then, diode Do1 is ON. The equivalent
circuit is shown in Fig. 4(c). The energy stored in inductor
L2 is still released to capacitor Cds. The energy stored in
inductor L1 is released to capacitor Co1 and the load. Thus,
the inductor current iL1 is decreased linearly. Also, the
energy stored in capacitor Co2 is discharged to the load. At t
= t3, the voltage
across capacitor Cds is charged to Vin+Vo and the mode is
end.
Mode IV: During this time interval [t3, t4], switch S is still
turned off. Since the voltage across capacitor Cds is equal to
Vin+Vo at t = t3. Then, diodes Do1 and Do2 are ON. The
equivalent circuit is shown in Fig. 4(d). The energies stored
in inductors L1 and L2 are released to capacitors Co1, Co2,
and the load. Thus, the inductor currents iL1 and iL2 are
decreased linearly. At t = t4, switch S is turned on again and
the mode is end. Thus, the voltages across inductors L1 and
L2 are derived as follows:

From equations (3) and (4), the inductor currents iL1 and
iL2 are obtained as

Fig. 3. Typical waveforms of the proposed converter in CCM
operation.
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III. STEADY STATE ANALYSIS
In order to simplify the steady-state analysis, the
time intervals of mode II and III are ignored since they are
very short as compared to one switching cycle. Therefore,
the time intervals of mode I and IV are considered as DTs
and (1-D)Ts respectively, where D is the duty ratio and Ts is
the switching period. To apply the volt-second balance
principle in inductors L1 and L2. From equations (1), (2),
(5), and (6), the following equations are given as:

From equations (9) and (10), the following equations are
derived as

Since Vo is equal to VCo1+VCo2. From equations (11) and
(12), the voltage gain of the proposed converter is given by

Thus, the curves of the voltage gain of the boost
converter and the proposed converter are plotted in Fig. 5. It
can be seen that the voltage gain of the proposed converter
is larger than the voltage gain of the boost converter when
the duty ratio is larger than 0.39. Thus, high step-up voltage
gain can be achieved.

Fig. 5. Voltage gains versus duty ratio for the proposed
converter and the boost converter.

Fig. 4. Operating modes of the proposed
converter.
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IV. SIMULATION RESULTS

D

L

To verify the performance of the proposed
converter, a prototype circuit is built in the laboratory, as
shown in Fig. 6.
The circuit specifications and components are
selected as input voltage Vin = 24 V, output voltage Vo =
200 V, output power Po = 100 W, switching frequency fs =
50 kHz, capacitors Co1 = Co2 = 680 F, inductors L1 = 53
H, and L2 =636 H. Some experimental results are shown in
Fig. 7 --- 10. Figs. 7 and 8 show some waveforms under the
light-load condition Po = 20 W. It is seen from Fig. 7 that
the inductor currents iL1 and iL2 are discontinuous, which
means that the upper cell and the lower cell of the proposed
converter are operated in discontinuous conduction mode at
the light-load condition. Moreover, the output voltage is
well controlled at 200 V. Fig. 8 shows the waveforms of
Vgs, iin, iDo1, and iDo2. Figs. 9 and 10 show some
waveforms under the full-load condition Po = 100 W. From
Fig. 9, one can see that the inductor currents iL1 and iL2 are
continuous, which means that the upper cell and the lower
cell of the proposed converter are operated in continuous
conduction mode at the full-load condition. Moreover, the
output voltage is well controlled at 200 V. Fig. 10 shows the
waveforms of Vgs, iin, iDo1, and iDo2. The measured
results under various load conditions are described in table I
and the curve of the measured efficiency is shown in Fig.
11. The conversion efficiency is 72.7% at the full-load
condition.

DC Supply

C

MOSFET

R Load

Fig 7. Basic Circuit of Boost Converter

Fig 8. Gate Pulse of Vgs

Fig. 6. Prototype circuit of the proposed cascode
converter.
Fig 9. Output Waveforms of Boost Converter

International Journal of Emerging Trends in Electrical and Electronics (IJETEE – ISSN: 2320-9569)

Vol. 8, Issue. 1, Oct-2013.

J.Shankaraiah, G.Kumara Swamy and Dr.K.Sri Gowri

17

Fig 10. Waveforms of Closed loop Cascode Inductor
Currents

Fig 12. Waveforms of Vs, Lin, Vout & ILoad Of Closed
Loop Cascode
V. CONCLUSIONS
The drawbacks in linear regulators are overcome
by Switched-mode Regulators. Switch-mode DC to DC
converters convert one DC voltage level to another, by
storing the input energy temporarily and then releasing that
energy to the output at a different voltage. This conversion
method is more power efficient than linear voltage
regulation. The basic converter topologies of switched-mode
converters are Buck, Boost and Buck-Boost. This can be
achieved by cascading of buck-boost converters with
acceptable duty ratio.
A high step-up DC-DC cascaded buck-boost
converter is presented. The operation and design aspects of
the converter are discussed. The simulation of the converter
circuit is carried out in MATLAB/SIMULINK. Simulation
results are obtained. The simulated circuit are in good
agreement.

Fig 11. Waveforms of Closed loop Cascode Diode
Currents
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