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Introduction to Cuk Converters

The invention of semiconductor devices has drastically changed the electrical industry
making them more user-friendly and easier to operate. The semiconductor device has made the
System compact, replacing the traditional use of vacuum tubes in many applications.

Semiconductor devices like transistors, BJT, MOSFET, diodes, etc have been used in
power electronics converter topology for controlling, converting, and conditioning of power
supplies. Electrical Energy from renewables is generated in the DC form and it is transmitted in
AC form for residential, commercial, and industrial use. But many
and devices require DC input for their o
required.

of the electrical components
peration, again the requirement of power conversion is

Power Electronics converter topology has great importance in the current scenario and in

the future since the converter topologies are designed in a compact manner.

Due to mismatch of power supply availability and variation in voltage and current level as
per the requirement of load the DC-DC converter topologies are designed. The DC-DC converter
topology converts input DC voltage from one level to another. The input of the DC-DC converter
is fixed and its output is controlled and regulated where its voltage is step down using a buck
converter and stepped up using a Boost converter. The DC-DC converter can be designed in an
adjustable manner in one single topology known as Buck-Boost converter, where it can either
step up the voltage or step down the voltage.

The Buck-Boost converter is a very unique one where the output of the converter will have
reversed polarity. Similarly, the Cuk converter works with the same duality principle where the
output of the Cuk converter will reverse polarity similar to the buck-boost converter.

The traditional DC-DC converter buck, boost, and buck-boost converter have one capacitor,
one inductor, one diode, and one semiconductor switch. The Cuk converter consists of two
inductors, two capacitors, one diode,

and one semiconductor switch. The use of two inductors in
the Cuk converter topology has a great advantage such that the voltage ripple is less at the mmput
and output side.

What is a Cuk Converter?

The Cuk converter is a DC- DC-based power electronic converter named after Slobodan Cuk as

rter was designed to overcome the drawbacks observed in the buck-
boost converter.



What is a Cuk Converter and How it Works?
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Working of Cuk Converter |
As shown in Fig, Cuk the converter consists of a total of Six components, L1, L2, C1, C2, diode D,

and switch S. Before studying its operation, we will consider the ideal conditions for the
components, such that L1, L2, C1, and C2 do not hold any charge in it. To simplify it, the

working of Cuk converter words for 4 Cases.

Casel: When the switch is ON
As shown in Fig, Ideally, since there is no current in the capacitor and inductor, When The

switch is turned ON the source will charge the inductor, flow of current is observed from L1 to
the switch and back to the source. The inductor L1 gets charged and acts as a storage element
with polarity from positive to negative. Technically, there will be a small amount of stored

voltage in C1. There is no flow of current to load.
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Case2: When the switch is turned OFF
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The flow of the current path when switched is ty

med OFF is current wi] flow fro
inductor L1 to capacitor C1 and from the diode Sl
store the voltage in it in this case, Vv

Case3: When the switch is turned ON
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As shown in Fig,
energy, In additio

topology of the ON/OFF mechanism, we get a reversed polarity at the output when compared with the
input side voltage. . -

When the switch is turned ON, inductor L1 gets charged and stored ener
Cl supplies the energy to load. Induct

gy in the capacitor
or L2 supplies energy or energize
C1 acts as the voltage source for the load.

s the capacitor C1.



Advantages & Disadvantages of Cuk Converter

Advantages
1. Continuous flow off input and Output current, Energy is supplied to the Load even when the

switch is turned OFF

2. The Input and Output voltage ripple is less in this Cuk converter topology due to inductor
L1 on the input side and inductor L2 on the output side.

3. We can step up and step down the output voltage in this topology. If the duty ratio for this
topology is less than 0.5 then it will act as a step-down converter and if the duty ratio is more
than 0.5 then it will act as a step-up converter

4. Can minimize the component size by making inductor L1 and L2 wound on single-core

5. High efficiency compared to buck-boost topology

Disadvantages

1. Increase in component count compared to buck-boost topology

2. High current stress on the Switch due to dynamic-operation

3. Capacitor Cl1 is off large size which acts as the voltage source when the switch is turned off

4. Requirement for inverting mechanism for output voltage. Since the output voltage is

reversed as compared to the input voltage
5. Have smooth current waveform due to inductor and capacitor at both input and output

sides.

Applications of Cuk converter

1. Use in renewable systems as voltage regulator in hybrid solar wind technology where input
voltage depends on sun and wind. It adjusts the output voltage as per inputs in a variation of

solar and wind intensity.
2. Use in the battery management system of electric vehicle technology.

3. Use when lesser or greater magnitude of output voltage is needed as compared to the input

voltage.
4. Use in low standby continues and simultaneous current and mostly in high and negative

polarity output voltage levels.
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