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The evolution of modern power electronics is increasingly defined by the demand for high-efficiency, high-density, 

and high-gain DC-DC conversion. As renewable energy sources like photovoltaic (PV) arrays and fuel cells produce 

relatively low output voltages (typically 20V to 50V), there is a critical need to step these voltages up to 400V or 

higher for grid-tied inverters or high-voltage DC buses. Traditionally, isolated converters using bulky transformers 

were the standard; however, the non-isolated interleaved boost converterhas emerged as a superior alternative

for applications where galvanic isolation is not strictly required. This technical analysis explores the architecture,

mathematical modeling, and practical implementation of these high-gain systems.

1. The Shift from Isolated to Non-Isolated Topologies

In power system design, the choice between isolated and non-isolated DC-DC converters often dictates the final

system's footprint, cost, and efficiency. Isolated converters, such as the Flyback or Forward types, utilize high-

frequency transformers to provide a safety barrier. However, transformers introduce significant leakage inductance,

leading to voltage spikes and the need for complex snubber circuits.

Non-isolated interleaved boost converters eliminate the transformer, instead utilizing coupled inductors or 

voltage multiplier cells. This shift offers several advantages:

•  Increased Power Density: The absence of a large isolation transformer reduces the physical volume of the 

converter.

•  Higher Efficiency: Energy losses associated with transformer core losses and copper losses are significantly 

mitigated.

•  Reduced Cost: Fewer magnetic components and simplified insulation requirements lower the Bill of Materials 

(BOM).

However, the primary challenge of non-isolated boost converters is achieving high voltage gain without reaching

extreme duty cycles, which can lead to diode reverse-recovery issues and excessive switching losses. This is

where interleaving and high-gain techniques become essential.

2. Theoretical Framework of Interleaving

Interleaving involves connecting two or more boost converter stages in parallel and operating them with a phase

shift. For a two-phase interleaved system, the switches are operated 180 degrees out of phase.

2.1 Ripple Cancellation Mechanics

The core benefit of interleaving is input current ripple cancellation. When the phases are shifted, the peak of the

current in one inductor aligns with the trough of the current in another. This results in a total input current ripple that

is significantly lower than the ripple of any individual phase. Mathematically, the ripple cancellation factor depends

on the duty cycle (D). For a two-phase system, the ripple is minimized at D = 0.5.

2.2 Current Sharing and Thermal Management

Interleaving distributes the total input current across multiple paths. This reduces the I²R lossesin the inductors



and the conduction losses in the MOSFETs. By spreading the heat generation across more components, the

thermal management system (heatsinks and fans) can be downsized, further improving power density.

3. High-Gain Enhancement Techniques

A standard boost converter has a theoretical gain of 1/(1-D). Practically, as D approaches 0.9, efficiency plummets

due to parasitic resistances. To achieve gains of 10x or more, engineers integrate specialized circuits.

3.1 Coupled Inductor Integration

By replacing standard inductors with coupled inductors (which function similarly to a transformer but store energy),

the turns ratio (n) becomes a new degree of freedom in the gain equation. The gain for a coupled-inductor

interleaved boost converter is typically expressed as:

Gain (G) = (1 + n) / (1 - D)

This allows for high output voltages at moderate duty cycles (e.g., D=0.5 to 0.6), which keeps the converter in its

most efficient operating range.

3.2 Voltage Multiplier Cells (VMC)

Voltage Multiplier Cells, such as the Greinacher cellor Diode-Capacitor Multipliers (DCM), are passive networks

added to the boost stage. These cells "lift" the voltage through successive charging and discharging cycles. A

typical DCM cell can double the output voltage of the boost stage without increasing the voltage stress on the

primary switches.



Feature Standard Boost Interleaved Boost Interleaved with Coupled 
Inductor + VMC

Voltage Gain Low (1/(1-D)) Moderate Very High (>10x)

Input Ripple High Low Ultra-Low

Switch Stress High (Vout) High (Vout) Reduced (Vout / (n+1))

Component Count Minimum Moderate High

Efficiency Medium High Very High (with active 
clamping)

4. Active Clamping and Energy Recovery

One drawback of coupled inductors is the leakage inductance, which can cause high-voltage spikes across the 

MOSFET during turn-off. To solve this, active-clamping circuitsare employed. These circuits consist of an

auxiliary switch and a clamp capacitor. The active clamp performs two roles:

1.  Energy Recycling: It captures the energy stored in the leakage inductance and transfers it to the load rather 

than dissipating it as heat.

2.  Soft-Switching: It facilitates Zero Voltage Switching (ZVS) for the main switches, drastically reducing 

switching losses and allowing for higher switching frequencies.

5. Mathematical Modeling and Design Example

Consider a design requirement for a 200W converter stepping up 24V (Battery/PV) to 200V (DC Bus). Using a

standard boost, D would need to be 0.88, which is inefficient. Using an interleaved converter with a coupled

inductor (n=2):

Using the gain formula: 200/24 = (1 + 2) / (1 - D)8.33 = 3 / (1 - D)1 - D = 3 / 8.33 = 0.36D = 0.64

At a duty cycle of 0.64, the MOSFETs are much easier to control, and the conduction intervals are balanced, 

leading to higher efficiency. Furthermore, the voltage stresson the switches is significantly reduced. In a standard

boost, the switch sees the full 200V. In a coupled inductor topology, the stress is reduced by the turns ratio, allowing

the use of MOSFETs with lower Rds(on).

6. Practical Implementation: PCB Layout and Control

The performance of high-gain interleaved converters is highly sensitive to PCB layout. High-frequency loops must

be minimized to reduce Electromagnetic Interference (EMI).

6.1 Component Selection

•  MOSFETs: Look for low gate charge (Qg) and low Rds(on). GaN (Gallium Nitride) devices are increasingly 

used in these topologies to reach frequencies above 500kHz.

•  Diodes: Schottky diodes or Silicon Carbide (SiC) diodes are preferred to eliminate reverse recovery losses.

•  Capacitors: Low ESR (Equivalent Series Resistance) ceramic or polymer capacitors are necessary to handle 

the high ripple currents in the output stage.



6.2 Control Strategy

Control is typically managed by a dedicated PWM controller (like the LM5032) or a microcontroller (DSP/ARM). The

controller must maintain a precise 180-degree phase shift. Current-mode control is often preferred to ensure

balanced current sharing between the interleaved phases, preventing one inductor from saturating.

7. Performance Evaluation: Ripple and Efficiency

In a technical study of a non-isolated high step-up interleaved boost converter, the efficiency curve typically

peaks between 92% and 96%. The input current ripple reduction can be as much as 50% to 80% compared to a

single-phase counterpart, which is vital for extending the lifespan of input sources like fuel cells, which are sensitive

to current fluctuations.

7.1 Efficiency vs. Load Table



Load Power (W) Standard Boost Efficiency (%) Interleaved + CI Efficiency (%)

50W 88.5% 91.2%

100W 89.1% 94.5%

150W 87.4% 95.1%

200W 84.2% 93.8%

8. Common Failure Modes and Troubleshooting

Designing these systems requires awareness of potential pitfalls:

•  Inductor Saturation: If current sharing is not balanced, one inductor may saturate, leading to a catastrophic 

spike in current and MOSFET failure. Solution: Use average current mode control.

•  Voltage Spikes: High dV/dt during switching can exceed the MOSFET’s breakdown voltage. Solution: Improve 

active clamping or use a RCD snubber.

•  Thermal Runaway: Poorly sized VMC capacitors can overheat due to high ESR. Solution: Parallel multiple low-

ESR capacitors.

9. Environmental and Economic Impact

The adoption of non-isolated high-gain converters directly impacts the viability of renewable energy. By reducing 

the size and cost of the power electronics interface, the "Levelized Cost of Energy" (LCOE) for residential solar and 

small-scale wind is reduced. Furthermore, the high power density of these converters is a key enabler for the next 

generation of Electric Vehicle (EV) DC-DC converters, where space is at a premium.

Conclusion

The non-isolated interleaved boost converterrepresents a pinnacle of power density and efficiency in DC-DC

conversion. By combining the ripple-canceling benefits of interleaving with the voltage-boosting capabilities of

coupled inductors and multiplier cells, engineers can overcome the limitations of traditional boost topologies. While

the complexity of the control and the higher component count present challenges, the resulting gains in

performance and reduction in system volume make it the preferred choice for high-voltage renewable energy

applications and modern power distribution networks. As wide-bandgap semiconductors like SiC and GaN continue

to mature, these converters will only become more efficient, pushing the boundaries of what is possible in power

electronics.
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