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0.1 Switch Mode Power Supply (SMPS)

0.1.1 Introduction to SMPS

In the realm of modern electronics, efficient power conversion and management are paramount. A
Switch Mode Power Supply (SMPS) is a highly efficient electronic power supply unit that utilizes
a switching regulator to convert electrical power efficiently from one form to another (typically AC
to DC or DC to DC). The widespread adoption of SMPS over traditional linear power supplies is
driven by the need for smaller, lighter, and more energy-efficient devices in our daily lives.

From the compact chargers of our smartphones to the robust power supplies in desktop com-
puters and industrial equipment, SMPS technology is omnipresent. The core philosophy behind
an SMPS is minimizing energy loss. Instead of regulating voltage by dissipating excess power as
heat—a hallmark of linear regulators—an SMPS operates by rapidly switching its active compo-
nents on and off, adjusting the duty cycle to provide precisely the required amount of energy to the
load.

title=Switch Mode Power Supply (SMPS)

A Switch Mode Power Supply (SMPS) is an electronic power converter that incorporates a
high-frequency switching regulator to efficiently convert voltage and current characteristics.
It uses semiconductor devices (like MOSFETs or BJTs) switching at high frequencies (typ-
ically 10 kHz to 1 MHz) alongside inductors and capacitors to regulate the output voltage.

The fundamental difference between a linear power supply and an SMPS lies in their ap-
proach to voltage regulation. A linear supply acts like a variable resistor, dropping excess
voltage and turning it into waste heat. An SMPS acts like a rapidly opening and closing
valve (PWM), delivering power in discrete, precisely timed pulses, drastically reducing power
dissipation and allowing for much smaller physical components.

0.1.2 Block Diagram and Working Principle

To understand how an SMPS works, it is essential to look at its fundamental building blocks. While
different topologies (like Buck, Boost, or Flyback converters) exist, the most common AC-to-DC
SMPS topology follows a standard sequence of operations.
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Figure 1: Block Diagram of a Typical AC-DC Switch Mode Power Supply

The standard operation of an SMPS involves the following distinct stages:

1. Input Rectifier and Filter: The raw AC input voltage (e.g., 230V, 50Hz) from the mains
is first passed through a full-wave bridge rectifier. This converts the alternating current (AC)
into a pulsating direct current (DC). A bulk filter capacitor then smooths out the ripples,
resulting in a high-voltage, unregulated DC supply. No heavy 50Hz transformer is used at
this stage.

2. High-Frequency Switching Element: The high-voltage DC is fed into a switching element,
typically a power MOSFET or an IGBT. This switch turns on and off at a very high frequency
(e.g., 50 kHz to several hundred kHz). By converting the continuous DC into high-frequency
pulsed AC, the system allows the use of a much smaller transformer in the subsequent stage.

3. High-Frequency Transformer: The high-frequency pulsed AC is applied to the primary
winding of a high-frequency (HF) transformer. This transformer performs two critical tasks:
it steps down (or steps up) the voltage to the desired level, and it provides galvanic isolation
between the high-voltage mains and the low-voltage output, ensuring safety. Because the
frequency is very high, the magnetic core of the transformer can be remarkably small and
light compared to a standard 50Hz transformer.

4. Output Rectifier and Filter: The stepped-down high-frequency AC from the transformer’s
secondary winding must be converted back to DC. High-speed Schottky diodes are commonly
used here because standard rectifier diodes cannot switch fast enough. An LC (inductor-
capacitor) filter is then used to rigorously smooth out the high-frequency ripples, yielding a
clean, stable DC output voltage.

5. Feedback and PWM Control Circuit: To maintain a constant output voltage regardless
of load variations or input voltage fluctuations, a closed-loop feedback mechanism is employed.
A sample of the output voltage is fed back to the control circuit (often using an opto-isolator
to maintain safety isolation). An error amplifier compares this output to a reference voltage.
Based on the difference, the control circuit adjusts the Pulse Width Modulation (PWM) duty
cycle of the high-frequency switch. If the output voltage drops, the duty cycle is increased
(switch stays ON longer) to deliver more power; if it rises, the duty cycle is decreased.
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title=Desktop Computer SMPS (ATX Power Supply)

A classic example of an SMPS is the ATX power supply found in desktop computers. It
takes 230V AC mains and converts it into multiple stable DC voltage rails (+12V, +5V,
+3.3V) required by the motherboard, CPU, and peripherals. Despite delivering hundreds
of watts of power, the unit remains compact and cool thanks to high-frequency switching,
often operating at an efficiency of over 85% (as seen in ”80 PLUS” certified supplies).

0.1.3 Comparison: Linear Power Supply vs. SMPS

Parameter Linear Power Supply SMPS
Efficiency Low (typically 30% - 50%). Ex-

cess energy is wasted as heat.
High (typically 80% - 95%). Min-
imal energy wasted.

Size & Weight Bulky and heavy due to the
large, low-frequency (50/60Hz)
iron-core transformer.

Compact and lightweight due to
the small, high-frequency ferrite-
core transformer.

Complexity Simple circuit design with fewer
components.

Complex circuit involving oscil-
lators, feedback loops, and high-
frequency switching.

Noise Generation Very low electrical noise, excel-
lent for sensitive analog/audio
circuits.

Generates high-frequency electri-
cal noise (EMI/RFI) due to fast
switching transients.

Transient Response Excellent; responds almost in-
stantly to load changes.

Slower; response time is limited
by the bandwidth of the feedback
loop.

Table 1: Comparison between Linear Power Supply and SMPS

0.1.4 Advantages and Disadvantages of SMPS

Advantages:

• High Efficiency: Consumes less power, saving energy and reducing cooling requirements.

• Compact Form Factor: Ideal for portable devices like laptops and mobile phones.

• Wide Input Range: Many SMPS can accept a wide range of input voltages (e.g., 90V to
264V AC) seamlessly.

Disadvantages:

• Electromagnetic Interference (EMI): High-frequency switching produces noise that can
interfere with other electronics; requires extensive filtering and shielding.

• Complexity and Cost: Harder to design and troubleshoot, with more components that can
potentially fail.
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• Output Ripple: Inherently possesses high-frequency ripple on the output DC, which might
not be suitable for highly sensitive analog circuits.

0.2 Solar Based Battery Charger Circuits

0.2.1 Introduction

With the global shift towards renewable energy, solar photovoltaic (PV) technology has emerged as
one of the most accessible forms of green energy. However, solar energy is inherently intermittent;
the sun doesn’t shine at night, and passing clouds can abruptly drop power output. To provide a
reliable, continuous power supply, the electrical energy generated by solar panels must be stored in
batteries.

A Solar-Based Battery Charger Circuit is the vital intermediate link that safely bridges the solar
panel and the battery bank. The direct connection of a solar panel to a battery is fundamentally
flawed because the voltage characteristics of a solar panel fluctuate wildly depending on sunlight
intensity and temperature, while batteries require strict, regulated voltage profiles for safe charging.

title=Solar Battery Charger (Charge Controller)

A Solar Battery Charger, or Charge Controller, is an electronic circuit placed between a solar
panel array and a battery bank. Its primary function is to regulate the voltage and current
coming from the panels to optimize battery charging, ensure maximum energy harvest, and
prevent battery damage from overcharging or deep discharging.

title=The Danger of Overcharging

Never connect a 12V solar panel directly to a 12V battery without a charge controller. A
”12V” solar panel actually produces up to 21V in open circuit conditions. If fed directly into
a battery, this excessive voltage will lead to overcharging, causing the electrolyte to boil,
generating explosive hydrogen gas, and permanently destroying the battery cells.
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0.2.2 Block Diagram and Core Components
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Figure 2: Block Diagram of a Solar Battery Charging System

The system primarily consists of:

• Solar Panel: Converts sunlight into DC electricity. It acts as an unregulated current source.

• Charge Controller: The intelligent brain of the system. It monitors battery voltage and
regulates the charging current accordingly.

• Battery Bank: Stores the chemical energy. Common types include Lead-Acid (Flooded,
AGM, Gel) and Lithium-ion.

• DC Load: The appliances or devices consuming power. The charge controller usually pro-
vides a ”load” terminal that disconnects the load if the battery voltage drops too low (Low
Voltage Disconnect - LVD).

0.2.3 Working Principle and Charging Stages

A high-quality solar battery charger does not just dump current into a battery; it follows a precise
multi-stage charging algorithm to extend battery life:

1. Bulk Charging Stage: When the battery is significantly discharged, the controller allows
the maximum available current from the solar panels to flow into the battery. The voltage
gradually rises during this phase.

2. Absorption Stage: Once the battery reaches a predefined voltage limit (e.g., 14.4V for a
12V lead-acid battery), the controller holds the voltage constant at this level. The current
drawn by the battery gradually tapers off as it approaches 100% capacity.

3. Float Charging Stage: After the battery is fully charged, the controller lowers the voltage
to a ”float” level (e.g., 13.5V). This provides a tiny trickle current to compensate for the
battery’s natural self-discharge, keeping it topped up without overcharging it.
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0.2.4 Types of Solar Charge Controllers

Modern solar chargers primarily utilize one of two technologies: PWM or MPPT.

1. PWM (Pulse Width Modulation) Charge Controller

A PWM controller acts somewhat like a rapid digital switch connecting the solar array to the
battery. When the battery is nearly full, the controller slowly pulses the connection, effectively
reducing the average current. While simple and reliable, it forces the solar panel to operate at
the battery’s voltage (e.g., pulling a 18V panel down to 13V), essentially throwing away the excess
voltage potential.

2. MPPT (Maximum Power Point Tracking) Charge Controller

An MPPT controller is significantly more sophisticated. It contains a DC-DC converter (an SMPS
itself, usually a buck converter). The microcontroller inside constantly sweeps the solar panel’s
voltage to find the ”Maximum Power Point” (the exact voltage and current combination where
the panel produces the most watts). It then steps this optimal high voltage down to the battery’s
charging voltage, simultaneously boosting the charging current.

MPPT technology converts excess voltage into extra charging current. For instance, if a
panel provides 100W at 20V (5 Amps), an MPPT controller might step this down to 13V
for the battery, but boost the current to roughly 7.5 Amps (minus minor conversion losses).
A PWM controller would just pass the 5 Amps at 13V, yielding only 65W and wasting 35%
of the panel’s potential energy.

title=Small-Scale Domestic Solar Charger

In rural electrification or small home setups, a 150W solar panel is typically paired with a
12V, 100Ah Lead-Acid battery. A 10 Amp PWM charge controller is often used due to its
low cost. The controller continuously monitors the battery; when the sun sets, it prevents
reverse current flow (preventing the battery from discharging backward into the panel). If
the user turns on too many DC lights and the battery drops below 11.5V, the controller
automatically cuts off the load to save the battery from permanent deep-discharge damage.



0.2. SOLAR BASED BATTERY CHARGER CIRCUITS 7

0.2.5 Comparison: PWM vs. MPPT Controllers

Feature PWM Charge Controller MPPT Charge Controller
Efficiency Moderate (around 70%-80% of

panel’s potential).
High (typically 95%-98% energy
harvest).

Cost Economical, best suited for
small, budget-conscious systems.

Expensive, but the extra energy
harvest pays for itself in larger
systems.

Panel Matching Solar panel nominal voltage must
closely match the battery voltage
(e.g., 36-cell panels for 12V bat-
teries).

Highly flexible. Allows wiring
panels in series for high voltage,
which is then stepped down effi-
ciently.

Temperature Perfor-
mance

Performance drops significantly
in cold weather when panel volt-
age naturally rises.

Excels in cold weather, capturing
the extra voltage potential effi-
ciently.

Complexity Simple switching logic. Complex micro-controller and
DC-DC converter circuitry.

Table 2: Comparison between PWM and MPPT Solar Charge Controllers

0.2.6 Summary and Applications

Solar based battery charger circuits form the backbone of off-grid solar systems, street lighting, RVs
(Recreational Vehicles), marine applications, and remote telecommunication towers. By implement-
ing multi-stage charging algorithms and robust protective measures (like short-circuit, over-voltage,
and reverse polarity protection), these circuits ensure that expensive battery banks achieve their
maximum theoretical lifespan while harvesting every possible drop of solar energy.
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