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Abstract. The core objective of this undertaking revolves around digital circuits and Field-
programmable gate arrays (FPGAs), focusing on the design and implementation of a digital clock
capable of showcasing real-time hours, minutes, and seconds. To ensure accurate time tracking,
the project ingeniously employs a MOD 60 counter, dedicated specifically for counting both
minutes and seconds, while a separate MOD 24 counter is harnessed to track hours. These
counters serve as the backbone of the clock’s accurate time-keeping capability. To translate this
raw digital data into an easily interpretable format for users, the project incorporates a seven-
segment display, ensuring that the time can be read intuitively at a glance. The entire architecture
and logic of the digital clock is artfully crafted using Verilog HDL, a versatile programming
language revered for its aptness in hardware description and simulation. To bring the clock to
life and rigorously test its functionality, the Quartus platform is utilized. This renowned platform
not only facilitates the efficient translation of the Verilog HDL code into tangible digital circuitry
but also offers a robust environment for simulation, ensuring the clock operates flawlessly in
real-world scenarios.
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1. Introduction

Digital clocks are an integral part of contemporary life, gracing homes, offices, and public spaces alike.
These clocks display time using numerals or symbols, contrasting with analog clocks, which indicate
time through rotating hands. Although digital clocks are typically associated with electronic mechanisms,
the term “digital” merely denotes the display technique, not the mechanism behind it. This article delves
into the design of a digital clock powered by an FPGA board [1].

For decades, Field-programmable gate arrays have been cornerstones in signal processing and
embedded systems. Leveraged in diverse realms like digital signal processing, network communication,
and embedded systems [2], FPGAs are champions of parallel processing, hardware acceleration, and
intricate logic functions. Thanks to their hardware-centric computations, FPGAs often outpace even the
swiftest microprocessors. Their in-field reprogrammability, enabling diverse functionalities without
physical hardware alterations, and their innate reconfigurable structure positions them perfectly for rapid
prototyping and agile development. Compared to Application-specific Integrated Circuits (ASICs),
FPGAs are cost-effective and time-efficient [3]. While ASIC designs are resource-heavy and rigid post-
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design, FPGAs offer shorter design and debugging cycles, expediting time-to-market. Their growing
versatility and affordability make them attractive alternatives to ASICs, especially in low-volume
applications.

This endeavor harnesses digital circuitry and FPGA technology, utilizing a MOD 60 counter for
tracking minutes and seconds, a MOD 24 counter for hours, and a frequency divider and decoder for
support [4]. Through programming in Verilog HDL, the digital clock was crafted to display hours,
minutes, and seconds in real-time. This clock boasts precision in time computation and display, fitting
everyday needs seamlessly. During the nascent design phase of the digital clock, counters coupled with
default clocks generated time [5]. A load signal was introduced to modulate each counter’s state,
alongside five inputs - MH (minute’s higher unit), ML (minute’s lower unit), SH (second’s higher unit),
SL (second’s lower unit), and H (hour) - to personalize time.

Discussing the project’s core, a load signal was added to govern each counter’s state. Every counter’s
clear signal linked to the reset, with a divider on the input side and a decoder on the output to project
the respective display signal. In the clock’s subsequent section, the second’s lower unit fed into the
decimal counter, and its higher unit into the senary counter, creating a base 60 counter [6]. The clock
control signal was directed through the frequency divider. Given the 60-unit upper limit for both minutes
and seconds, their design structures mirrored each other. Contrarily, the hour segment employed a base
24 counter. The combined output from all counters, paired with the clock control signals, channeled into
the decoder, realizing the time display functionality.

2. Relevant theories

Digital Circuit: A circuit that uses digital signals to perform arithmetic and logical operations on digital
quantities is called a digital circuit. In this project, we utilize digital circuits to implement the timing and
display functions of a clock, achieving the counting and display of hours, minutes, and seconds by
utilizing a combination of a frequency divider, counter, and decoder [7].

FPGA: FPGA is a programmable logic device with features such as high flexibility and good
reconfigurability. By utilizing FPGA devices, digital circuit design and logic functionality can be
implemented.

Verilog HDL: Verilog HDL (Hardware Description Language) is a hardware description language
used to describe the structure and behavior of digital circuits. In this project, we utilize Verilog HDL to
model and describe various modules of the digital clock, including the clock, counter, and seven-
segment display driver.

Seven-segment display: The seven-segment display is a common type of digital display device,
consisting of 7 individual LEDs [8]. Each LED represents a segment of a digit, including segments a, b,
¢, d, e, f, and g. By controlling the on/off state of each segment, different numbers and characters can be
displayed.

QUARTUS: QUARTUS is an FPGA design software developed by Altera [9]. It provides an
integrated development environment for various functionalities, including Verilog code writing, logic
synthesis, and placement and routing. Ultimately, it generates executable files that can be loaded onto
an FPGA.

3. System Analysis and Application Research
As for a seven-segment display clock, the following is divided into four sections: overall design, coding
process, simulation, and conclusion.

3.1. Overall design

The overall design is unfolded into three parts: second, minute, and hour display modules respectively.
The circuit begins with counters and default clocks working to gain the time. Then, a load signal is added
to control the state of each counter [10]. There are 5 inputs in all, which are MH (the high part of the
minute), ML (the low part of the minute), SH (the high part of the second), SL (the low part of the
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second), and H (hour), operating as time customizer. The decoder module works as the corresponding
display signal. Figure 1 is the overall module based on the circuit diagram.
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Figure 1. The overall module based on the circuit diagram (Photo/Picture credit: Original).

In general, a load signal serves a function of controlling the state of each counter. The signal which
functions to clear the instructions for each counter is connected to the reset signal. When settling the
divisor at the input site, it can do as a decoder at the opposite.

Figure 2 and 3 are the circuit design of the second display module. While the low part of the second
is put into the decimal counter, the high part of the second is input to the integer counter.
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Figure 2. Second display module (Frequency divider) (Photo/Picture credit: Original).
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Figure 3. Minute display module (Photo/Picture credit: Original).

Figure 4 is the circuit design of the hour display module. It uses a counter based on twenty-four.
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Figure 4. Hour display module (Photo/Picture credit: Original).
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Finally, output all signals controlled by counters and clocks to the decoder, and the decoder module
will output the corresponding display signal. Shown in Figure 5.
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Figure 5. Decoder module (Photo/Picture credit: Original).

3.2. Principles of counters and frequency dividers

Implementing the counter with the LM function can greatly reduce the amount of code-writing work.
Use the mega wizard plugin manager to implement the micro function module cause and design the
counter parameters. Taking decimal counters as an example. Choose four bits for the bitwise of the
output. Round it to a six-bit counter. The minute time adjustment function and the set-up function should
have been loaded and selected. Figure 5 shows the design counter module. The process is proximately
similar for six-bit and twenty-four-bit counters (the twenty-four counter eliminates the need to select the
rounding output). After creating all the counters, they are added to the new project.

The twenty-four counter denotes the mode. When opening the top-level file for responding to the
counter, it just produces a frame. Pull the contents of the sub-model and add the exemplification
statement to the top level. The frequency divider is generated directly from the code. Since the RPM
can’t be achieved, for each frequency, a frequency divider is needed to shift the input signal.

3.3. Decoding module

The decoding module in the quarters is shown in Figure 6, 7, 8 and 9. Inputs include a clock signal, a
recess signal, and five data input signals. These five four-input signals correspond to the hours, minutes,
and seconds respectively. After all the sub-models are coded, each signal of the sub-model is constructed
and connected with the wires.
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Figure 6. Design of Counter 10 (Photo/Picture credit: Original).

Figure 7. Decoding module (Photo/Picture credit: Original).
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Figure 8. Structure diagram (Photo/Picture credit: Original).
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Figure 9. Flowchart (Photo/Picture credit: Original).

3.4. Generate circuit diagrams
The adding process of the test bench and verification of clock running and time setting.

3.5. Application research of 7-Segment Display Clock
Electronic equipment: 7-segment display has a wide range of applications in home appliances, through
the use of servo motors, display numbers, and various characters, to provide users with a convenient
information display.

Embedded system: In embedded systems, a 7-segment display is also a common display technology
to achieve high-precision real-time data updates.

Industrial control: In the field of industrial control, 7-segment displays are widely used in various
instruments and controllers because of their flexibility, convenience, and other advantages.

4. Challenges

Hardware Limitations: One often encounters the 7-segment display in electronic devices meant for
showcasing numbers and specific letters. But, a notable drawback is its inability to represent all letters
and symbols. Designers must be mindful of this constraint when crafting a clock centered around this
display. Programming Complexity: The unique nature of a 7-segment display demands tailored
programming strategies. To effectively control these displays, ensuring their synchronized operation,
appropriate coding is paramount. When the display is expected to convey varied information, such as
time, date, or temperature, the programming intricacies can escalate. Maintenance and Calibration:
Setting 7-segment displays apart from conventional clocks is their calibration needs for consistent
display precision. When glitches emerge, whether in the software or the hardware, specialized know-
how and tools become essential for resolution.

User Experience: While 7-segment displays find relevance in certain scenarios, they lack the
immediate clarity offered by modern digital or LCD screens, potentially impacting the user’s interaction
and satisfaction. Compatibility Challenges: A myriad of devices and coding languages can stipulate
unique drivers or interfaces for a seamless dialogue with 7-segment displays, occasionally leading to
compatibility hurdles. Real-time Constraints: For some applications, like meteorological predictions or
stock market activities, the need for real-time data updates is paramount. 7-segment displays might
introduce lags due to their extended processing times for content refreshes.

5. Conclusion

This paper delves into the intricacies of the seven-segment display clock. Initially, the article elucidates
the fundamental concept behind the seven-segment display, underscoring its prevalent use in showcasing
both numbers and letters. The ensuing sections elucidate the mechanics of the seven-segment display,
shedding light on its technical nuances. The piece breaks down the art of translating individual numbers
or letters onto seven distinct LED lights through a symphony of logic gates, such as the AND, OR, and
NOT gates. It further explores the crafting of a driver essential for dictating the precise display of each
character. The narrative meticulously unpacks the algorithms and programming paradigms harnessed to
breathe life into the clock functions of the seven-segment display. In culmination, the article trumpets
the virtues and merits of the seven-segment display clock, offering insights into potential avenues for
refinement to elevate the performance and versatility of this display technology further.
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