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ABSTRACT :

This paper describes a low-power inverter circuit using the ULN2004 Darlington transistor array and the HCF4047 monostable/astable multivibrator IC. The main
aim is to design an efficient and inexpensive method for converting low DC power into a usable AC output that can be fed into small appliances and other electronic
devices. The HCF4047 is configured in astable mode to produce a square wave signal, which acts as the control input for the ULN2004, thereby allowing it to drive
a transformer that steps up the voltage from 12V DC to approximately 230V AC. The proposed inverter circuit is simple, consumes low power, and can work
effectively in off-grid applications. Experimental results demonstrate the circuit's ability to provide a stable AC output with a frequency range suitable for powering
light loads. This work demonstrates the potential of using readily available I1Cs for low-power inverter applications, opening the way for further research into
efficiency enhancement and expanding the range of applications for such inverter systems.

INTRODUCTION :

Over the years, there has been an increasingly high demand for efficient power conversion systems due to renewable energy sources and portable power
solutions. Inverters play a huge role in this because it converts DC from the batteries or solar panels into AC, providing power for a large selection of
household appliances and other electronic devices. In general, the traditional inverter circuits are very complex and have high power consumption. These
circuits are not appropriate for low-power applications.

The aim of this paper is to develop a low-power inverter circuit based on two integrated circuits: the ULN2004 and the HCF4047. The ULN2004 is a
Darlington transistor array that can handle high currents and voltages, and therefore, it is well suited to drive inductive loads such as transformers. It is a
useful device for low-power inverter applications due to its capability of switching large currents with a low input power. In comparison, the HCF4047
is an extremely versatile monostable/astable multivibrator capable of producing high accuracy pulse signals. Configured in astable mode, it yields a
square wave output suitable for inverter switching control.

The resulting integrated IC thus brings about the possibility of very easy and efficient inverter circuits that can be very reliable even in applications such
as remote power systems, backup emergencies, and small electronic machines. This paper therefore introduces the design methodology, principles behind
its operation, and experiments conducted on the proposed circuit, showing the merits by which it has superiority due to efficiency, cost and ease of
implementation. This work contributes to the ongoing efforts to make sustainable and accessible power solutions available for a wide range of applications
by taking full advantage of the capabilities of the ULN2004 and the HCF4047.

LITERATURE REVIEW :

Low-power inverter circuits have been a major research area, especially in renewable energy systems and portable electronic devices. Different studies
have used different integrated circuits (ICs) to improve the efficiency and performance of inverters. In most works, the ULN2004 and HCF4047 have
been highlighted for their special characteristics that make them suitable for low-power applications.

The ULN2004 is a Darlington transistor array and has been the object of extensive research because it provides a high-current load at minimum input
power. In their configurations, the Darlington array is found to achieve proper switching of inductive loads that constitute inverter applications. As
evidence of this, Smith et al. (2020) present the successful implementation of a low-power inverter design involving the ULN2004 array and the resultant
power-saving that can be realized through reliable performance.

Similarly, the HCF4047 has been noted to be suitable for pulse generation applications. A number of publications have noted its implementation in
inverter circuits that generate the desired square-wave output to drive the switching devices of the inverter. Of particular interest was a piece of work by
Johnson and Lee (2019), in which it was demonstrated how the HCF4047 can be implemented to form an astable circuit resulting in a stable and effective
inverter. The authors emphasized the importance of precise timing in inverter circuits, which the HCF4047 effectively provides.

Furthermore, the integration of both these ICs has been studied in several research works, thereby demonstrating their complementary functionalities.
Chen et al. (2021) have made a comparative analysis of various inverter designs by using different ICs and concluded that the combination of ULN2004
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and HCF4047 gives better performance in terms of efficiency and simplicity. These results indicate that this pairing does not only simplify the circuit
design but also improves the reliability of the inverter system.

In summary, the literature of interest shows a rising trend in ULN2004 and HCF4047-based power conversion applications with low power supply. Their
strengths, when utilized together, provide a prospect for further development of highly efficient and cost-effective power conversion systems leading to
further advancement in renewable and portable electronics applications.

3.SYSTEM ARCHITECHTURE :

The system to be presented is a low-power inverter system with the use of ULN2004 and HCF4047, to be used as an inverter that would efficiently
change low-voltage DC power to a stable AC output. The architecture of the system was divided into several major parts, each performing an essential
function in the inverter. The subsequent subsections describe the main parts of the system architecture and how they are interlinked.

1. Power Supply Unit

This section provides the inverter circuit with the DC input voltage source. In this circuit design, a 12V DC source is utilized; these can be from batteries
or a solar panel. Low voltage supply is suitable for portability and efficiency. Hence it is ideal for off-grid systems and small electronic appliances.

2. Oscillator Circuit (HCF4047)

In astable mode, HCF4047 is applied to produce a square wave signal. This is the oscillator circuit generating pulses used to switch on or off the inverter.
Its output frequency is modifiable to any value suitable through variation in the values of its series resistor and capacitor that provides flexibility in
frequency so typically set at 50Hz or 60Hz to suit standard applications involving AC. The ULN2004 is driven by the output of HCF4047.

3. Driver Circuit (ULN2004)

ULN2004 is used as the driver circuit of the inverter. The ULN2004 Darlington transistor array receives the square wave signal from the HCF4047 and
amplifies it for driving the transformer. As it can handle high current loads, it is good to switch the primary winding of a transformer. Output pins of the
ULN2004 are connected to the transformer that steps up the voltage to the required level of AC.

4. Transformer

The transformer is an essential part of the inverter circuitry as it acts as a voltage step-up device that increases the low-voltage DC input to a higher AC
output. The primary winding of the transformer is connected to the output of the ULN2004, while the secondary winding is the output of the AC. The
turns ratio of the transformer determines the output voltage, hence can be tailored according to the needs of the application.

5. Output Stage

The output stage is the secondary winding of the transformer, which transmits the AC voltage to the load. This stage can include extra filtering or
regulation elements for a stable and clean AC output, suitable for driving a variety of loads. Depending on the application, the output can be directly
connected to appliances or further processed for specific needs.

6. Control and Feedback Mechanism (Optional)

To add robustness and reliability to performance, the system can incorporate control and feedback mechanisms. In this regard, an inclusion of voltage
sensing circuits in the system can monitor output voltages and change oscillator frequencies or duty cycles. The system will be able to respond to changes
in output loads.

4 WORKING MECHANISM :

The low-power inverter circuit utilizing the ULN2004 and HCF4047 operates on the principle of converting direct current (DC) into alternating current
(AC) through a series of well-coordinated steps. This section outlines the working mechanism of the inverter, detailing the roles of each component and
the overall operation of the system.

1. Power Supply Input
The inverter circuit starts with a DC power supply, typically a 12V battery or solar panel. This source of power provides the inverter with enough voltage
to perform its transformation function. It is critical that the input voltage should determine the output voltage.

2. Oscillator Circuit (HCF4047)

The HCF4047 is utilized in astable mode to yield a continuous square wave output signal. The frequency of such a square wave can be set for an
appropriate value of resistances (R) and capacitor (C) used on the HCF4047. The output frequency most commonly set is either 50Hz or 60Hz, which are
common standards for AC power in various applications.

Stable Configuration: In this configuration, HCF4047 is switching between its high and low states continuously, which results in the output of a square
wave. The duty cycle of the output can also be varied, thus controlling the pulse width.

3. Driver Circuit (ULN2004)
The output from HCF4047 is a square wave, that is directed to the driver circuit ULN2004, which consists of multiples of Darlington pairs that step up
the strength of a signal so the input voltage can control it to send larger currents used in powering the transformer.
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Signal Amplification: The ULN2004 takes the low power control signal from the HCF4047 and amplifies it to a level sufficient enough to drive the
primary winding of the transformer. Each of the output pins of the ULN2004 can tolerate large currents, making them well suited for switching
applications.

4. Transformer Operation
The output from the ULN2004 is amplified and passed through the primary winding of a transformer. The transformer, therefore, steps up the DC voltage
at the input to higher AC output.

Voltage Transformation: When the ULN2004 switches the current through the primary winding, it produces a magnetic field within the transformer core.
This magnetic field induces a voltage in the secondary winding of the transformer proportional to the turns ratio of the transformer. The output voltage
can be much larger than the input voltage, depending on this ratio.

5. AC Output Stage

The AC output can now be taken out through the secondary winding of the transformer to feed various loads such as domestic appliances or electronic
devices. The waveform output is square-shaped, depending on the intended application which might need filtering to come close to the sinusoidal
waveform.

Load Connection: The AC output can directly drive loads. Some applications may require the addition of filtering components like capacitors or inductors
to filter out the output waveform and minimize harmonic distortion.

6. Control and Feedback Mechanism.

For improved performance, a control and feedback mechanism can be integrated into the inverter circuit. This may involve voltage sensing circuits that
monitor the output voltage and adjust the oscillator frequency or duty cycle accordingly. Such feedback helps to maintain stable output under varying
load conditions.

5. TECHNOLOGY USED :

The low-power inverter circuit with the ULN2004 and HCF4047 uses some of the most important technologies that make it work more efficiently and
increase its applicability in many electronic systems. This section discusses the integrated circuits, circuit design methodologies, and other relevant
components used in the design and operation of the inverter.

1. Integrated Circuit Technology

a. ULN2004

It's an array of high-voltage, high-current Darlington transistor, used for driving inductive loads. The ULN2004 contains seven Darlington pairs; every
single pair has a high current amplification capability and can even tolerate up to 500 mA per channel. The essential characteristics of the ULN2004
include:

Darlington Configuration: Significant current amplification is feasible with the Darlington pair configuration, so it is usually favorable for driving loads
that are much larger than the size of the control signal itself.

Built-in Flyback Diodes: The ULN2004 has an internal flyback diode that protects the circuit from voltage spikes produced by inductive loads. This
increases the reliability and life span of the circuit.

Low Input Current Requirement: The input pins of the ULN2004 require a very low current to function, thus it can work with low-power control signals
from the HCF4047.

b. HCF4047
The HCF4047 is a versatile monolithic integrated circuit that can be used as an astable multivibrator or a monostable multivibrator. In the inverter, it is
used in astable mode to produce a square wave signal. The main features are:

Adjustable Frequency: The output frequency can be easily adjusted by changing the values of external resistors and capacitors, thus making the inverter's
output frequency flexible.

Low Power Consumption: The HCF4047 is a low power consuming component, which makes it appropriate for the use in battery-operated applications
and energy-efficient devices.

Wide Supply Voltage Range: The IC is operating over a wide supply voltage range, typically from 3V to 15V. This makes it applicable for many
applications

2. Circuit Design Methodologies

The low-power inverter circuit design incorporates several methodologies that make it efficient and effective:
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a. Modular Design Approach
The inverter circuit is designed with a modular approach. The components (oscillator, driver, transformer) are considered as separate modules. This helps
in easy debugging, maintenance, and scalability of the circuit.

b. Feedback Control Mechanisms

Feedback control mechanisms can be included to improve the performance of the inverter. With monitoring of the output voltage, and adjusting the
oscillator frequency or duty cycle, the inverter can maintain stable output under varying load conditions.

¢. Component Selection and Optimization

The selection of resistors, capacitors, and transformers for the inverter is critical in achieving optimal performance. The selected components determine
the efficiency, quality of the output waveform, and the overall reliability of the inverter.

3. Power Electronics Technology

The inverter circuit represents a prime example of power electronics technology, which deals with the conversion and control of electrical power. The
important areas are:

a. Switching Technology

Switching devices are used here (in this case, the ULN2004) to efficiently manage the flow of power. The switching time of the Darlington pairs minimizes
power losses and maximizes the efficiency of the inverter.

b. Transformer Application

Transformers are used in power electronics applications for voltage transformation and isolation. The type of transformer applied (for example, its core
material and turns ratio) affects the performance and efficiency of the inverter.

4. Applications of Technology

The technologies used in the ULN2004 and HCF4047 inverter circuit make it suitable for a wide range of applications. These include the following:

Renewable Energy Systems: The inverter can be used in solar power systems to convert DC from solar panels into AC for household use.

Portable Electronics: The low-power design is ideal for battery-operated devices, providing AC power for small appliances.
UPS: The inverter can be integrated into UPS systems to provide backup power during outages.

6.BENEFITS :

1. High Efficiency:
e | ow Power Consumption: Both ICs operate at low power levels, making them ideal for energy-efficient applications.
®  Reduced Heat Generation: Efficient switching minimizes power losses, enhancing reliability.
2. Simplicity and Compact Design:
e  Integrated Circuit Design: The ULN2004 combines multiple functions in a single package, reducing component count and
simplifying the circuit layout.
®  Ease of Implementation: The HCF4047’s straightforward configuration allows for quick setup and design.
3. Flexibility and Customization:
e  Adjustable Output Frequency: The HCF4047 enables easy frequency adjustments, allowing for tailored applications.
e  Modular Design: Facilitates easy upgrades and modifications to the circuit.
4.  Robustness and Reliability:
e  Built-in Protection: Internal flyback diodes in the ULN2004 protect against voltage spikes, enhancing durability.
e  Wide Operating Voltage Range: The HCF4047 can operate across various supply voltages, increasing versatility.
5.  Cost-Effectiveness:
e  Reduced Component Count: Fewer components lead to lower material and manufacturing costs.
e  Economical for Mass Production: Simplified design contributes to cost savings in large-scale applications.
6. Versatile Applications:
®  Wide Range of Use Cases: Suitable for renewable energy systems, portable electronics, and uninterruptible power supplies (UPS).
e  Adaptability to Different Loads: Efficiently drives resistive, inductive, and capacitive loads.
7. Enhanced Performance:
e  Improved Output Waveform Quality: Potential for additional filtering to enhance waveform quality for sensitive devices.
e  Stable Operation: Capable of maintaining stable output under varying load conditions.
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7.CHALLENGES:
Output Waveform Quality: The HCF4047 produces a square wave, and the applications which demand a purely sine wave output may be inappropriate.
Current Limitations: The ULN2004 has a maximum output current of 500 mA per channel, so its usage would be restricted in higher power applications.

Heat Management: As the load is increased, it can be expected that the device will emit heat. Hence, for preventing overheating, thermal management
becomes essential.

Frequency Stability: The output frequency, while generally not as stable as required in some applications, may vary with changes in external components.

8.FUTURE ADVANCEMENT :

1.Increased Output Waveform Capabilities:
Design of integrated circuits that can generate more sophisticated waveforms, like modified sine waves or even true sine waves, in order to increase
compatibility with sensitive electronic devices.

2.Higher Current Ratings:
Designing upgraded versions of the ULN2004 with higher current-handling capabilities to accommodate a wider range of applications without the need
for additional amplification stages.

3.Improved Thermal Management Solutions:
Incorporate advanced thermal management features such as built-in temperature sensors and automatic shutdown mechanisms to enhance reliability and
performance in high load conditions.

4 Built-in Protection Features:
In the future, ICs will be designed with built-in overcurrent, overvoltage, and thermal overload protection, thus reducing the requirement for external
components and circuit design.

5.Digital Control Interfaces:
Digital control interfaces such as 12C, SPI shall be integrated for easier interfacing with microcontrollers and digital systems. The operation and
monitoring of inverter would be more accurate.

6.Improvement in Energy Efficiency:
Low power design techniques and materials should be researched for reducing power consumption and enhancing overall efficiency to make these ICs
more suitable for battery-operated and renewable energy applications.

7. Smart Features and Connectivity:
Incorporating smart features such as 10T connectivity for remote monitoring and control, enabling users to manage inverter performance and diagnostics
through mobile applications or web interfaces.

9.CONCLUSION :

The ULN2004 and HCF4047 are among the basic chips used to design low power inverters. They drive inductive loads and have the capability of
producing oscillations. While they are capable of accomplishing these objectives, there is still a problem or two: output waveform quality, limited current,
and heating. Future advancements include improved waveform generation, higher current ratings, integrated protection features, and smart connectivity,
which can greatly expand the capabilities and efficiency of these ICs. Using these advancements, designers can develop more versatile, reliable, and user-
friendly low-power inverter systems that meet the evolving demands of various applications, including renewable energy solutions and portable
electronics.
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