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Systems: A Deep Dive into Boost-Topology and
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Converters

The global transition toward renewable energy has necessitated a paradigm shift in how we

manage low-voltage DC power sources. Among the various methods of harvesting energy, solar

photovoltaics (PV) stand out as the most accessible; however, the electrical characteristics of

individual solar cells present significant engineering challenges. A single silicon solar cell typically

yields a nominal voltage of approximately 0.5V to 0.7V. Even when combined into small-scale

modules-such as an eight-cell series configuration-the maximum output often hovers around 5.6V.

This is frequently insufficient to charge standard 12V or 24V lead-acid or lithium-ion battery banks.

To bridge this gap, the boost-topology battery charger has emerged as a critical architectural

solution in power electronics.

The Fundamental Physics of Solar Energy Conversion

Solar panels operate based on the photovoltaic effect, where photons strike the semiconductor

material, displacing electrons and creating a flow of current. The output of these panels is

inherently non-linear and heavily dependent on irradiance (sunlight intensity) and temperature. For

engineers, the primary goal is to maintain the panel at its Maximum Power Point (MPP). Without

sophisticated power conversion, connecting a solar panel directly to a battery results in significant

energy loss because the battery's voltage rarely matches the panel's optimal operating voltage.

As highlighted in technical white papers from industry leaders like Texas Instruments, particularly

the works of J. Falin and Wang Li, the use of a boost converter allows for the extraction of energy

from solar arrays where the peak power voltage is lower than the battery's terminal voltage. This is

a reversal of the traditional "buck" (step-down) approach, which requires the solar array voltage to

be significantly higher than the battery voltage.

Core Mechanics of the Boost Converter Topology

A boost converter, or step-up converter, is a DC-to-DC power converter that increases voltage

while decreasing current from its input to its output. The architecture consists of five primary

components: a DC input source (the solar panel), an inductor, a solid-state switch (typically a

MOSFET), a diode (often a Schottky diode for low forward voltage drop), and a filter capacitor.
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The Two-Stage Operational Cycle

1. The Charge Phase (Switch Closed): When the MOSFET is turned on, the solar panel's current

flows through the inductor, storing energy in its magnetic field. During this phase, the diode is

reverse-biased, and the output load (the battery) is supported entirely by the energy stored in

the output capacitor.

2. The Discharge Phase (Switch Open): When the MOSFET is turned off, the magnetic field in

the inductor collapses. According to Lenz's Law, the inductor resists the change in current by

generating a high-voltage spike. This voltage adds to the input voltage of the solar panel,

forward-biasing the diode and delivering energy to both the output capacitor and the battery.

The mathematical relationship governing the output voltage (V) relative to the input voltage (V) is

defined by the duty cycle (D), which represents the fraction of the switching period during which the

MOSFET is closed:

Vout = Vin / (1 - D)

This formula demonstrates that as the duty cycle approaches 1 (100%), the theoretical output

voltage increases toward infinity, though in practice, parasitic resistances and component

limitations cap this value.

Comparison: Buck vs. Boost in Solar Applications

Choosing between a buck and a boost topology depends entirely on the voltage differential

between the source and the storage. Below is a structured comparison to assist in architectural

decision-making:
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Feature Buck Topology (Step-Down) Boost Topology (Step-Up)

Input-Output Relation Vin > Vout Vin < Vout

Ideal Application High-voltage panels (36V+) charging

12V batteries.

Low-voltage panels (5V-10V)

charging 12V/24V batteries.

Current Profile Continuous output current,

discontinuous input current.

Continuous input current,

discontinuous output current.

Complexity Moderate; requires high-side gate

drive.

Lower; typically uses low-side gate

drive.

Efficiency Generally higher (95-98%). High, but sensitive to high duty

cycles (90-96%).

Page 3 of 6



TECHNICAL GUIDE | TECHNICAL PAPER

Advanced Control Strategies: The PI Controller and MPPT

A simple boost converter is unregulated, which is dangerous for battery charging. To ensure the

longevity of a 200Ah solar battery or even a standard car battery, a feedback mechanism is

required. The Proportional-Integral (PI) controller is the standard in this field. It works by

measuring the output voltage and comparing it to a reference voltage (the battery's target charging

voltage).

The error signal (the difference between measured and reference values) is processed by the PI

controller to adjust the Pulse Width Modulation (PWM) signal sent to the MOSFET. This ensures

that even as the sun's intensity fluctuates, the output voltage remains stable, reducing oscillations

that can lead to battery sulfation or overheating.

Maximum Power Point Tracking (MPPT)

In high-end boost chargers, the PI loop is coupled with an MPPT algorithm such as Perturb and

Observe (P&O) or Incremental Conductance. These algorithms slightly vary the duty cycle and

monitor the change in power output (P = V * I). If the power increases, the algorithm continues in

that direction; if it decreases, it reverses. This ensures that the boost-topology charger extracts

every possible watt from the solar panel, regardless of weather conditions.

Engineering the Charge Profile: From Bulk to Float

Charging a battery-whether it is a small 7Ah lead-acid or a massive 200Ah deep-cycle solar

battery-requires a multi-stage approach to maintain chemical health. A boost-topology charger

must be programmed to handle these phases:

- Bulk Phase: The charger provides a constant current, allowing the voltage to rise as the

battery charges. In a boost circuit, this is achieved by maintaining a specific current flow

through the inductor.

- Absorption Phase: Once the battery reaches its peak voltage (typically 14.4V for a 12V

battery), the charger maintains this constant voltage while the current naturally tapers off. This

is where the PI controller's precision is vital.

- Float Phase: To prevent gassing and electrolyte loss, the voltage is reduced to a maintenance

level (approx. 13.5V to 13.8V).

Specialized Topologies: CUK and Totem Pole PFC

While the standard boost converter is effective, certain high-performance applications require

specialized variations. The CUK converter is an intriguing alternative; it provides a continuous

current at both the input and output, which significantly reduces electromagnetic interference (EMI)
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and output ripple-perfect for sensitive electronic loads integrated into solar systems.

Furthermore, in grid-tied solar systems or AC-integrated chargers, the Totem Pole Power Factor

Correction (PFC) topology is becoming prevalent. Comprising two half-bridge configurations, the

Totem Pole PFC minimizes conduction losses by eliminating the bridge rectifier, thereby increasing

overall system efficiency in complex solar-to-battery-to-inverter setups.

Practical Implementation and Field Guide

When implementing a solar-powered boost charger, certain hardware considerations are

non-negotiable:

1. Inductor Selection

The inductor is the heart of the boost converter. It must be rated for the maximum saturation

current to prevent the magnetic core from saturating, which would cause a catastrophic spike in

current and destroy the MOSFET. For a 200Ah system, where charging currents might reach 20A,

the inductor must have low DC resistance (DCR) to minimize heat generation.

2. MOSFET Thermal Management

Switching losses are a major source of inefficiency. Using a MOSFET with low RDS(on)

(drain-source on-resistance) is essential. High-frequency switching (50kHz to 200kHz) allows for

smaller inductors but increases heat; therefore, appropriate heat sinking or active cooling must be

integrated into the chassis design.

3. Wire Gauging and Voltage Drop

In low-voltage solar applications (e.g., a 5.6V panel), even a 0.5V drop across a long cable

represents a 10% loss in power. Engineers must use heavy-gauge copper wiring and place the

boost charger as close to the panel as possible to preserve input energy.

Troubleshooting Common Failure Modes

Even well-designed boost chargers can face operational challenges. Understanding these failure

modes is key for technical maintenance:

- Thermal Runaway: If the PI controller fails to reduce current as battery temperature rises, the

internal resistance of the battery drops, leading to more current and more heat. Solution:

Integrate a thermistor (NTC) for temperature-compensated charging.

- Inductor Whine: This audible noise is often caused by the switching frequency falling into the

human hearing range or due to mechanical vibrations in the core. Solution: Increase switching

frequency or use potted inductors.

- Voltage Spikes: Lack of adequate output capacitance can lead to transient spikes that damage
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the battery's internal plates. Solution: Use high-quality, low-ESR (Equivalent Series

Resistance) electrolytic capacitors in parallel with ceramic capacitors.

Strategic Evaluation of Battery Capacity (The 200Ah Standard)

A 200Ah solar battery is a standard unit for residential off-grid storage. To charge such a battery

from a boost-topology system, one must calculate the required solar input. If a 200Ah battery is

discharged to 50% (leaving 100Ah to be replenished), and we use a boost charger delivering 10A,

it will take 10 hours of peak sunlight to fully recharge. This highlights the necessity of matching the

boost converter's efficiency with the total wattage of the low-voltage solar array. For instance, a

panel capable of 5.6V at 20A provides 112W; after boost conversion to 14V (assuming 90%

efficiency), the battery receives roughly 7.2A.

The evolution of boost-topology chargers has fundamentally changed the viability of small-scale

solar harvesting. By effectively stepping up the voltage from as little as a few solar cells, these

devices allow for the charging of robust 12V and 24V systems that power everything from remote

telecommunications equipment to off-grid cabins. As wide-bandgap semiconductors like Gallium

Nitride (GaN) and Silicon Carbide (SiC) become more affordable, we can expect boost chargers to

become even smaller and more efficient, further pushing the boundaries of what is possible in solar

energy management. The integration of intelligent PI controllers and robust MPPT algorithms

ensures that despite the intermittent nature of the sun, our energy storage remains full and our

batteries remain healthy.
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