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SEPIC (Single-Ended Primary Inductor Converter)
Power Converter Topology & Design

1. Introduction

Figure 1: A SEPIC converter circuit diagram

Modern electronic systems require flexible and efficient power conversion to accommodate varying input
voltage conditions while delivering a stable output voltage. This requirement is especially common in bat-
tery-powered systems, automotive electronics, and renewable energy applications, where the input voltage
may fluctuate above and below the desired output level. Among the many DC-DC converter topologies avail-
able, the Single-Ended Primary Inductor Converter (SEPIC) occupies a unique position because it can both
step-up and step-down voltage while maintaining a non-inverted output polarity.

The SEPIC converter is part of the family of switched-mode power supplies (SMPS), which rely on energy stor-
age elements and high-frequency switching to achieve high efficiency. Unlike linear regulators, which dissi-
pate excess energy as heat, switching converters transfer energy through inductors and capacitors, allowing
efficiencies that often exceed 85-90% in practical designs. The SEPIC topology is particularly attractive in sys-
tems where the input voltage crosses the output voltage during normal operation, such as lithium-ion battery
systems and automotive power rails.

This paper presents a comprehensive overview of the SEPIC converter, focusing on its operating principles,
circuit topology, modes of operation, voltage conversion characteristics, advantages and disadvantages, and
typical applications. Additionally, it covers the importance of the component selection process, and the fea-
tures of MLCC technologies.
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2. Overview of DC—DC Converters and the Role of SEPIC

Figure 2: DC-DC Converter Example

DC-DC converters are electronic circuits designed to convert one DC voltage level to another. Common
non-isolated converter topologies include buck (step-down), boost (step-up), and buck—boost converters.
Each topology serves a specific purpose but also introduces certain limitations. For example, a buck converter
cannot increase voltage, and a boost converter cannot reduce voltage below the input level.

The traditional buck—boost converter can both step-up and step-down voltage, but it produces an inverted
output, meaning the output polarity is opposite to the input. This inversion can complicate system grounding
and may be undesirable in many applications. The SEPIC converter overcomes this limitation by providing a
non-inverted output while retaining the ability to both increase and decrease voltage relative to the input.

From a functional perspective, the SEPIC converter can be viewed as a combination of a boost converter fol-
lowed by a buck converter, with a coupling capacitor transferring energy between stages. This configuration
allows the converter to maintain a continuous energy transfer path while decoupling the input and output DC
levels. As a result, the SEPIC converter is particularly well suited for applications with wide input voltage ranges
and strict output voltage requirements.

3. SEPIC Converter Topolog Components

3.1Circuit Structure

The basic SEPIC converter topology consists of two inductors (L, and L,), a series coupling capacitor (C,), a
controlled switch (typically a MOSFET), a diode, and an output capacitor. In many practical designs, the two
inductors may be implemented as a coupled inductor or wound on the same magnetic core to reduce size
and improve performance.
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The defining feature of the SEPIC topology is the series capacitor placed between the two inductors. This ca-
pacitor blocks DC current while allowing AC energy transfer, ensuring that the average voltage across the
capacitor equals the input voltage under steady-state conditions. Because of this arrangement, the input and
output share a common ground.

3.2 Energy Storage Elements

Inductors L, and L,serve as the primary energy storage elements in the SEPIC converter. During operation, these
inductors alternately store and release energy as the switch turns on and off. The coupling capacitor CB tem-
porarily stores energy and transfers it from the input side to the output side of the circuit.

The output capacitor smooths the pulsating current delivered through the diode, providing a stable DC output
voltage to the load. The size and quality of this capacitor directly affect output voltage ripple and transient
response.

4. Principle of Operation

The operation of the SEPIC converter can be understood by examining two main switching intervals: the switch
ON interval and the switch OFF interval. In steady-state operation, the average voltage across each inductor
over a full switching period is zero, consistent with the volt-second balance principle of inductor operation.

4.1 switch ON Interval

When the switch (MOSFET) is turned ON, the input voltage is applied across inductor L, causing its current to
increase linearly. At the same time, the coupling capacitor applies a voltage across inductor L, also causing
its current to increase. During this interval, the diode is reverse-biased, and the load is primarily supplied by the
output capacitor.

Energy is stored simultaneously in both inductors during the ON interval. The coupling capacitor is charged
in such a way that its average voltage remains approximately equal to the input voltage under steady-state
conditions.

4.2 switch OFF Interval

When the switch is turned OFF, the energy stored in inductors L,,and L, is released. The polarity of the voltages
across the inductors reverses, forward-biasing the diode. Energy flows through the diode to the output capac-
itor and the load. This process replenishes the output capacitor and maintains the regulated output voltage.

The continuous transfer of energy during each switching cycle allows the SEPIC converter to regulate the out-
put voltage effectively. By adjusting the duty cycle of the switch, the converter can produce an output voltage
that is higher than, lower than, or equal to the input voltage.
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5. Voltage Conversion Characteristics

In continuous conduction mode (CCM), where the inductor currents never fall to zero, the ideal voltage conver-
sion ratio of the SEPIC converter is similar to that of a buck—-boost converter but without output inversion. The
output voltage depends on the duty cycle of the switching signal and the input voltage.

Because the coupling capacitor blocks DC, the average current through it is zero. As a result, the average cur-
rent through the second inductor equals the load current, simplifying current analysis and making the topolo-
gy well suited for applications with predictable load profiles.

In discontinuous conduction mode (DCM), where one or both inductor currents fall to zero during part of the
switching cycle, the voltage conversion relationship becomes more complex and depends on load current,
inductance values, and switching frequency. Designers often prefer CCM operation to simplify control and
reduce peak current stress.

6. Advantages and Disadvantages of the SEPIC Converter

6.1 Advantages

One of the primary advantages of the SEPIC converter is its ability to provide a non-inverted output volt-
age while supporting both step-up and step-down operation. This feature simplifies system integration and
grounding compared to inverting buck—boost converters.

Another important advantage is the inherent DC isolation between the input and output provided by the cou-
pling capacitor. This isolation allows the SEPIC converter to handle input voltage variations gracefully and pro-
vides improved protection during short-circuit conditions.

Additionally, the SEPIC converter is well suited for battery-powered systems because it can maintain a con-
stant output voltage even as the battery voltage rises above or falls below the regulated output level.

6.2 Disadvantages

Despite its flexibility, the SEPIC converter also has several drawbacks. It requires more components than sim-
pler buck or boost converters, including two inductors and an additional coupling capacitor. This increased
component count can lead to higher cost and larger circuit size.

The presence of multiple energy storage elements also increases conduction and switching losses, which can
reduce overall efficiency compared to simpler topologies when operating far from the crossover point be-
tween step-up and step-down modes.
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7. Typical Applications

The SEPIC converter is widely used in applications where the input voltage range spans both above and be-
low the desired output voltage. Common examples include battery-powered devices, automotive electronics,
portable instruments, and renewable energy systems such as solar-powered controllers.

In automotive systems, for instance, the input voltage can vary significantly due to battery discharge, alterna-
tor operation, and transient conditions. The SEPIC converter provides a reliable means of maintaining stable
voltage rails under these varying conditions.

8. Selecting the Proper Capacitor

The selection of the bypass capacitor is a critical aspect of SEPIC design, as it directly influences input voltage
stability, electromagnetic interference (EMI), and overall converter reliability. In a SEPIC topology, the bypass
capacitor CB works in conjunction with the inductors and coupling capacitor to filter high-frequency switching
currents drawn from the source and to maintain a low-ripple input voltage.

8.1 Functional Role of the Bypass Capacitor

In SEPIC converters, the input capacitor is responsible for supplying the high di/dt current pulses generated
by the switching action of the power MOSFET. Without adequate bypassing, these current transients would
propagate back to the input source, causing excessive voltage ripple and potential instability. The input and
output capacitors are key elements that minimize voltage ripple, and maintain stable outputs. Consequently,
the bypass capacitor must be sized to support the RMS ripple current while maintaining acceptable voltage
ripple at the input node.

Figure 3: Ceramic Capacitor
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8.2 Capacitance Value and Ripple Considerations

The capacitance value of the bypass capacitor is primarily determined by the allowable voltage ripple and
the converter's operating conditions, including switching frequency and load current. A larger capacitance
reduces voltage ripple but increases size and cost. The capacitance can be considered sufficiently large such
that the AC component of the voltage across the capacitor is minimized, supporting steady-state operation
assumptions. In practical designs, ceramic capacitors are often favored due to their low equivalent series re-
sistance (ESR), effective high-frequency performance, and small form factor. MLCCs, with ESR values often in
the milliohm range, significantly:

« Reduce voltage spikes

«  Mitigate EMI

« Improve converter efficiency under fast switching edges

Higher dielectric MLCC types (X7R, X7S, XBS) support the required capacitance density and high frequency
stability.

Best stability, low ESR, low loss | High-frequency coupling

High capacitance density Input/output filtering, coupling cap for moderate power

High Q, good AC performance | High-frequency or thermally demanding designs

Table 1: Dielectric Comparison in SEPIC Converters

8.3 Voltage Rating, ESR, and Technology Choice

The voltage rating of the bypass capacitor must exceed the maximum input voltage with adequate margin
to account for transient overshoot. Low ESR is essential to minimize power dissipation and heating caused by
ripple current. Since SEPIC converters can operate in both continuous and discontinuous conduction modes,
the input current ripple can vary significantly with load, further reinforcing the need for capacitors with robust
ripple current ratings. Capacitor ESR is a primary contributor to capacitor losses, and selecting low-ESR dielec-
tric materials improves efficiency and thermal performance.

8.4 Placement and Layout Implications

Although primarily a component-selection issue, bypass capacitor effectiveness is strongly influenced by PCB
placement. To achieve the intended filtering function, the bypass capacitor should be placed as close as
possible to the input of the switching element, minimizing parasitic inductance in the current loop. This layout
practice complements the electrical selection criteria by ensuring that the capacitor can respond quickly to
switching transients, thereby maintaining stable converter operation.
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9. Conclusion

The SEPIC converter is a versatile and valuable DC-DC conversion topology that addresses many of the limita-
tions of traditional buck, boost, and buck—-boost converters. By combining the ability to step-up and step-down
voltage with a non-inverted output and common ground, the SEPIC converter offers a practical solution for
systems with wide input voltage ranges.

While the topology introduces additional components and complexity, its operational flexibility and robustness
make it a popular choice in modern power electronics. A solid understanding of the SEPIC converter’s topology,

operating principles, and design trade-offs is essential for engineers working with advanced power manage-
ment systems.
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