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Abstract. A digital electronic clock stands as a pinnacle of modern timing technology, built on
digital circuits that offer precise hour, minute, and second tracking and display capabilities. The
evolution of integrated circuits, combined with the ubiquitous application of quartz crystal
oscillators, has propelled the digital electronic clock into myriad sectors including science,
transportation, and finance. These clocks, appreciated for their precision, clarity, stability, and
other attributes, vastly differ from their mechanical predecessors. Absent of mechanical
transmission devices, they promise longevity and exact timekeeping. Such digitization serves as
the foundational technological support for crafting large machinery and precision tools. Delving
into the intricacies of digital electronic clocks and broadening their utilization holds substantial
real-world relevance. This discourse employs a top-down hierarchical circuit design approach,
segmenting the comprehensive circuit into distinct modules. This method not only streamlines
its configuration, rendering it user-friendly and legible, but also ensures that each segmented
circuit operates as an autonomous entity. This modularity facilitates smoother simulations and
circuit modifications, enhancing adaptability and efficiency.
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1. Introduction

This research segregates the digital electronic clock into five distinct modules: the oscillator, 60-base
counter, 24-base counter, digital display, time correction module, and time reporting module. An initial
requisite is a pulse source capable of consistently emitting a standardized time pulse signal. After
evaluating multiple options, this study advocates for a quartz oscillator as the oscillation source. This
choice ensures a reliable reference signal and, via a frequency-dividing circuit, transmutes the high-
frequency pulse signal into the essential 1Hz second pulse signal designated for the clock circuit, leading
this signal towards the counter [1].

Given that both minutes and seconds operate on a base-60 system and hours on a base-24, there
emerges a need for distinct base-60 and base-24 counting modules. This delineation is achieved by
modifying the external circuit wiring of the 74LS90 counter chip [2]. Each counter’s output signals
undergo decoding via a seven-segment display decoder and are subsequently relayed to a six-digit LED
seven-segment display, ensuring clear visualization of “hours,” “minutes,” and “seconds.” The time
correction circuit introduces precision, enabling “hour,” “minute,” and “second” adjustments through
tactile buttons complemented by debounce circuits. Concluding the design, an hourly chime feature is
integrated. Commencing 10 seconds prior to the hour mark, a buzzer emits a sound at one-second
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intervals, pausing for one second between chimes, culminating in five total chimes. As shown in Figure
1.
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Figure 1. Design schematic (Photo/Picture credit: Original).
2. Relevant Theories

2.1. Oscillator theory

An oscillator is a circuit used to generate a stable AC signal. At its core is a feedback loop that returns
a portion of the output signal into the input to maintain oscillation. This feedback circuit also typically
includes amplifier elements to provide the required signal gain and ensure that oscillation conditions
(Barkhausen stability criterion) are met [3]. The output frequency of an oscillator is determined by the
characteristics of its circuit components (such as capacitors, inductors, or quartz crystals) and the
feedback loop. According to the required accuracy and frequency range of the usage scenario, select the
oscillator type, such as LC oscillator, RC oscillator, crystal oscillator, 555 oscillator, etc.

Among them, the quartz crystal oscillator uses the piezoelectric effect of the quartz crystal to generate
oscillation with a stable resonant frequency. When a specific voltage is applied to a quartz crystal, it will
produce oscillations at a precise frequency. The 555 oscillator is an integrated circuit based on the 555
timer, which can adjust the oscillator frequency according to external connections and the size of
resistors and capacitors. Compared with the quartz crystal oscillator, the frequency accuracy of the 555
oscillator is relatively low, which is affected by external resistance and capacitor resistance, and it is
sensitive to temperature. Its oscillation frequency will be affected under different temperature conditions

[4].

2.2. Decoding and display theory

The decoding and display process in digital circuits requires the use of a decoder to convert the input
digital signal (binary-coded information) into an output signal in order to display or perform specific
operations. For example, a 7-segment digital tube decoder converts the digital code into a 7-segment
digital tube [5]. input for easy display. LED digital tubes can display information in digital form. When
the decoding circuit maps digital signals to these display devices, users can easily read and understand
the digital information.

3. Circuit Module Design

3.1. Crystal Oscillator Circuit

On the one hand, a 32768 Hz clock crystal oscillator can be used to connect capacitors and resistors to
form a crystal oscillator circuit. The crystal oscillator circuit provides the digital clock with a square
wave signal of a stable and accurate frequency of 32768 Hz, which can ensure the accuracy and stability
of the digital clock [6].
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On the other hand, a 555 timer can also be used to form a multivibrator to generate a pulse signal
with a frequency of 1Hz, so that the second pulse signal can be obtained directly without using a
frequency dividing circuit, but the time accuracy it generates is not as good as that of a crystal oscillator.

Considering that the second signal pulse is the core module of the digital electronic clock to ensure
the timing accuracy of the digital clock, this article uses a 32768 Hz clock crystal oscillator as the pulse
source, connects a 10 MQ resistor in parallel, and then connects two 30 pF capacitors in series to form
an oscillation circuit.

3.2. Frequency Divider Circuit

Because the pulse signal generated by the crystal oscillator is a high-frequency square wave signal of
32768 Hz, it needs to be divided 15 times by a frequency dividing circuit to obtain a 1 Hz square wave
signal for counting by the second counter. The frequency divider is a counter, which is usually suitable
for converting high-frequency input signals into low-frequency output signals [7]. It is generally
implemented using a multi-stage binary counter. For example, the frequency division multiple of a
32768 Hz oscillation signal into a 1 Hz square wave signal is 15, that is, the counter that implements
this frequency division function is equivalent to a 15-level binary counter. From the perspective of
minimizing the number of components, this article chooses multi-pole binary counting circuits CD4060
and 74LS74 to form a frequency-dividing circuit. As shown in Figure 2.
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Figure 2. Crystal oscillator and Frequency divider circuit (Photo/Picture credit: Original).

3.3. Decoding Circuit

This article uses CD4511 and a common cathode digital tube to form a decoding display circuit. The
CD4511 chip is a BCD code-seven-segment code decoder used to drive a common cathode digital tube
display. It has BCD conversion, blanking, and latch control, seven-segment It has decoding and driving
functions and can provide large current draw to directly drive LED displays [8].

3.4. Counting Circuit

After the pulse signal passes through the counter, the units and tens digits of “seconds”, “minutes” and
“hours” are obtained respectively. The counting of “hours” is a 24-digit number, and the counting of
“minutes” and “seconds” is a 60-digit number, and the output is both 8421BCD codes.

There are many ways to implement the counting function: on the one hand, 74LS90 can be used to
form a 24-base counting unit and a 60-base counting unit through the feedback-clearing method. Since
the 74L.S90 is a decimal counter, each counting unit requires two 74LS90 components to function. On
the other hand, the 74LS161 counter can be used to form a 24-base counter and a 60-base counter
through the feedback setting method. The 74LS390 counter and 74LS08 can also be used to form a
counting circuit. 741s390 is an LSTTL-type dual four-digit decimal counter [9]. The characteristics are
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that the A and B flip-flops have independent clocks, which can form two divide-by-2 and two divide-
by-5 counters. Each counter has a direct clearing, effectively improving system density and buffering
the output to reduce the possibility of collector conversion. sex. In view of the simplicity and readability
of the circuit, this article selects 74LS90 to form the counting module and uses the feedback clearing
method - the NAND gate (74LS00) connects the bits that need to be cleared, and the input signal is re-
inputted and output to the clearing terminal (RO1 and R02), which can realize the 24-digit counting
function. In the same way, the hexadecimal counting function connects the clearing terminal to the high-
bit Q1 and Q2 (0101) [10]. When the signal is 6 (0101), the high level of the clearing terminal is cleared.
As shown in Figure 3 and 4.
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Figure 3. 24-digit counter module (Photo/Picture credit: Original).
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Figure 4. 60-digit counter module (Photo/Picture credit: Original).
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3.5. Calibration Circuit
When the digital clock is powered on again or an error occurs in the travel time, the time needs to be
manually corrected, that is, a trigger count or a square wave signal with a higher frequency is added to
the input end of the counting unit that needs to be corrected. On the one hand, two switches, NAND gate
(74LS00) and NOT gate (74LS04) can be used. When the correction switch is closed, by pressing the
count plus one button, the count plus one function can be realized for correction; when there is no need
to use correction When functioning, turn off the switch and the circuit will time normally. On the other
hand, two NAND gates can be used to form an RS flip-flop. During the switch toggle process, the output
terminal Q is set to 0 and 1 in sequence, generating a single pulse for counting by the counter, which
can achieve bisection or time addition. operation to achieve clock correction. As shown in Figure 5.
Considering the simplicity of the circuit, this article uses the latter, using 74LS00, resistors, and
mechanical buttons to form a correction circuit. In order to avoid conflict with its carry signal, this article
also uses an AND gate (71L.S08) to process the carry signal.

Figure 5. Calibration circuit (Photo/Picture credit; Original).

3.6. Hourly Time Chime Circuit

This article adds an hourly time reporting circuit to the basic timing function. When the time reaches
the hour, starting 10 seconds before the hour, the buzzer will sound for 1 second and then 5 times for 1
second. On the one hand, it can be composed of 7 AND gates (two 74LS08 components). When the time
is between 59:50 and 00:00, the tens digit of the minute, the unit digits of the minute, and the tens digit
of the second remain unchanged, which are 5 (0101), 9 (1001), and 5 (0101) respectively, so the pin
corresponding to “1” is connected to the AND gate, thereby generating a time control signal. On the
other hand, the eight-input NAND gate 74LS30 can be used to link the unit digits of seconds, tens of
seconds, units of minutes, and tens of minutes of the digital electronic clock, and then input in parallel
through a NAND gate (74LS00) to achieve NOT gate function, and then connected to the buzzer to tell
the time. The two solutions are similar in principle. Since NAND gates are more commonly used in
daily logic circuit design, this article adopts the latter.

3.7. Complete Digital Electronic Clock

According to the combination of each module circuit, a complete digital electronic clock simulation
diagram is formed as shown in Figure 6.
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Figure 6. Circuit structure diagram (Photo/Picture credit: Original).

4. Conclusion

The meticulously designed digital electronic clock successfully meets the anticipated outcomes and
effectively executes its designated functions. Adopting a top-down design approach, the overarching
circuitry is decomposed into discrete, purpose-driven modules. Each module, tailored to cater to specific
functionalities, undergoes a rigorous design and debugging process in isolation. Once each individual
function achieves optimal performance, the modules are integrated, culminating in a comprehensive
debugging session. This systematic and modular approach ensures not only a streamlined design process
but also enhances the clock’s efficiency and reliability. By leveraging this method, potential issues
inherent within each module can be identified and rectified early on, preventing cascading errors during
the final integration. In essence, this approach underscores the importance of methodical planning and
iterative testing in the realm of electronic design, ensuring that the final digital electronic clock stands
as a testament to precision, functionality, and innovation.
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