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Abstract

This study paper aims to deliver a low-cost, computer-independent, and user-friendly 74, 54, and 4000-series logic
Integrated Circuits (ICs) tester. Depending on the truth table of gates and the IC configuration, the logic IC tester will be
able to test the function of those ICs' 74, 54, and 4000 series logic gates (NOR, OR, AND, NAND, XOR) and Flip-Flops
(JK, D, T). The logic IC functional tester can be reprogrammed and updated depending on the flexibility provided by this
design and using personal computer. The result of the testing of any 74-series IC will be displayed on liquid crystal display
at unit level (gate or flip-flop). De-pending on the test results, the logic IC functional tester was successfully built and is
fully operational.
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1. Introduction

Development of intelligent systems around the world. Automatic systems have been widely used worldwide to
improve and streamline thousands of people's daily lives [1-5]. The system for testing logic integrated circuits (ICs)
capable of conducting gate- or unit-level tests will be made available by this study.

The International Technology Roadmap for Semi-conductors (ITRS) [6-9] states that manufacturing and design
technologies are far ahead of testing. Tester technology will not improve if it stays at the same level [10]. The testing
capacity of the tester is not keeping up with the rapid advancement of manufacturing technologies. Digital Integrated
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Circuits (ICs) must undergo thorough testing in the electronic industry prior to being applied. When testing a digital
integrated circuit (IC) that solely consists of a combinational logic gate or gates, the IC inputs are subjected to a few logic
states, and the IC output is then assessed using the IC truth table.

Constructing an inexpensive, basic tool to evaluate logic integrated circuit functionality for manufacture, laboratory, or
maintenance applications with the capacity to update the database is the main objective of the research on logic Integrated
Circuits (IC) function-al testers [11, 12]. People without programming skills may write tests and use the system quickly and
efficiently thanks to its user-friendly communication interface [13].

In addition, the system can function independently of a computer interface. To enable customers to access the results
for later updates, the technology will also offer data storage. The tester system can be utilized with typical transistor-
transistor logic (TTL) basic gates and flip-flop integrated circuits (ICs) [14]. To facilitate and enhance the power of IC
testing, re-searchers have created programmable IC testers. If the microcontroller has been configured with a firmware that
has the proper testing procedure, this task can be completed quickly using a programmable chip such as microcontroller.

The IC testers on the market right now cannot be easily reprogrammed to meet the needs of different users. Thus, the
goal of this research is to create an inexpensive, user-friendly IC tester. The intention is to offer an IC tester at a reasonable
cost for testing TTL logic ICs in the 74-series at the gate level. The test protocol will be grounded in the gates or flip -flops
truth table in the ICs, facilitating the detection of mal-functioning gates or units in integrated circuits. The IC tester must
also be compact, lightweight, portable, easy to use, and power efficient. The development of a simple and conveniently
portable IC tester is the study's second goal. Furthermore, we want to provide an IC tester that makes results accessible to
consumers.

Nowadays, nearly every laptop and desktop PC sold on the market has a Universal Serial Bus (USB) port. The purpose
of this is to enable an IC tester to be programmed via the USB interface communication connector. A unified, user-friendly
method of connecting to a computer is offered by the USB [15, 16].

Only a few preset levels or states are used by digital integrated circuits (1Cs) for operation, as opposed to a continuous
range of signal amplitudes. Modems, frequency counters, computers, and computer networks all use these parts [17, 18].
Logic gates are fundamental components of digital integrated circuits (ICs). They function on binary data, which is signals
that have just two unique states: low (logic 0) and high (logic 1) [19-23].

During testing, the microcontroller assesses the IC output after sending certain logic states to the IC inputs. The
microcontroller notifies the IC that everything is OK if the output matches the value recorded by the IC truth table. The
microcontroller indicates that it's not good if not. An algorithm for this task has been proposed to researchers, who have
subsequently implemented it for IC testers as a function for each type of digital IC. While in this paper, testing algorithms
are implemented all types of combinational and sequential logic ICs.

2. Methods

The flowchart of the system, shown in Fig. 1, basically provides a detailed explanation of how the system functions.
This testing procedure flowchart served as the basis for the development of the algorithm and software. This flow chart
indicates that entering IC No., or AAA for unidentified ICs, is the initial step. The following stage for the system is to test
the IC using its truth table of gates after determining whether this IC No. is already in its database. As an alternative, if the
user enters (AAAA) for unidentified ICs, the system will count the number of ICs and use the truth table to test each IC's
gate after checking the initial gate for all ICs in line with the truth table.

The flowchart indicates that if a user inputs an incorrect IC number, the message "IC not Found or IC not Work™ will
appear on the LCD. As shown in Fig. 2, if the user enters (AAAA) for undefined ICs, the IC number will be sought for by
the system using the first gate's truth table exclusively for All ICs in the database, after locating the IC No., which is 7410,
the system will test all the parts of the concerned IC using the No. that it has found. The system will first determine the IC
number and start inspecting each gate separately if the user enters in (AAAA). In this example, the IC number was 7410 (a
triple 3-input NAND gate).

The pin configurations of the 1Cs 7400, 7408, 7486, and 7432 are identical, as seen in Fig. 3, each gate having two
inputs and one output. In contrast, the pin design of the IC 7404 is entirely different, each gate having a single input and
output. The adaptability of the system requires that each pin be reprogrammed as either an output or an input pin depending
on the pin arrangement of the integrated circuit (IC) under test.

The Algorithm of the system will be as follows:

STEP1: START

STEP2: Enter the No. of 74-serios logic IC, or AAAA for unknown IC

STEP3: If the IC No. is known (74----), Then STEP7

STEP4: Arduino will test first gate (or unit) only by applying all truth tables to find the No. of IC

STEPS: If all truth tables fail with first gate, print (“IC No. NOT FOUND or IC NOT WORK?”), Then STEP10

STEPG: If any of truth tables applied with the first gate, Then print (IC No.)

STEP7: Arduino will define the input and output pins depending on the pin configuration of IC

STEPS8: Arduino check the truth table for each gate (or unit) inside IC

STEPY: Print the result for each gate (or unit) (“OK” or NOT OK”) one by one

STEP10: Print (“THE TEST IS COMPLETE)

STEP11: END
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The algorithm begins with the initial step where the user is prompted to start the testing process of a 74-series logic
integrated circuit (1C). The first task is for the user to enter the specific number of the logic IC they wish to test. If the user
encounters an unfamiliar 1C, they are instructed to enter "AAAA" to signify that the IC number is unknown.

Next, the algorithm checks if the entered IC number follows the familiar 74-series format. If the number is recognized,
the process moves to a testing phase. The Arduino system is programmed to focus on the first gate or unit of the IC,
applying the relevant truth tables to identify the specific characteristics of the IC. This test involves systematically
evaluating the logical operations that the gate should perform under various input conditions.

If all the truth table evaluations fail for the first gate, the system provides feedback by displaying a message that
indicates the IC number cannot be found, or that the IC is not operational. Following this, the algorithm proceeds to the
completion stage, where the testing process is summarized.

Conversely, if any of the truth table evaluations are successful, the algorithm acknowledges this by printing the
identified IC number. The successful identification leads to defining the input and output pins of the IC based on its
specific pin configuration. This is crucial because it allows the Arduino to interact correctly with the IC under test for
subsequent evaluations.

Subsequently, the Arduino undertakes a thorough examination of the truth tables for each gate within the IC. This
means that every individual gate or logical unit of the IC is subjected to input stimuli as specified by its truth table,
enabling an evaluation of whether the outputs correspond to what is expected for the given inputs.

After processing each gate, the results are printed for the user to see. For every gate tested, the output will indicate
"OK" if the gate is functioning correctly, or "NOT OK" if it does not meet the expected performance criteria. This step-by-
step verification not only establishes the operational status of each gate within the IC but also contributes to an overall
assessment of the IC's functionality.

Finally, after testing all the gates and printing the results, the algorithm concludes by displaying a message stating that
"THE TEST IS COMPLETE." This serves as a final notification that the entire testing process has been conducted, and the
results have been recorded.

The algorithm is an effective systematic approach for testing 74-series logic ICs, utilizing an Arduino's capabilities as
both a signal generator and logic analyzer. This setup allows for hands-on experimentation with the ICs in a low-cost,
efficient manner, making it an accessible option for students or individuals interested in learning about logic design and
integrated circuits. Each step is designed to ensure clarity in identifying the operational status of the different gates within
the IC, promoting a deeper understanding of digital logic design principles.

Ultimately, this algorithm illustrates a straightforward methodology for evaluating integrated circuits while
empowering users to engage actively in the testing, ensuring a broad application in educational environments and DIY
electronics projects. The combination of user interaction and systematic logic verification underscores the importance of
practical experience in mastering electronic circuitry and design.

The flowchart (Figure 1) represents the systematic methodology employed for testing 74-series digital integrated
circuits (ICs), which are widely used in logic design and digital system applications. The testing process begins with the
input of an IC number or a generic identifier (AAAA). This step allows the system to differentiate between a specific IC
from the 74xx family or a general case requiring broader truth table validation.
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Figure 1.
Flowchart of system.

The first decision block verifies whether the given IC number is included in the system’s testing database. If the IC
number is not recognized, the procedure terminates with an “IC No. not found” message, ensuring that only valid and
supported ICs proceed further. When a valid IC number is included, the flowchart follows two distinct paths depending on
the nature of the identifier.

If the input corresponds to a specific IC, the methodology proceeds by checking the first gate or flip-flop within the IC
package. This step allows validation of basic functionality before extending the process to the remaining gates. The system
then determines whether the IC is defined in the internal truth table library. If the IC is undefined, the process terminates,
thereby avoiding unnecessary computation. If the IC is defined, the truth table corresponding to that IC is applied, and the
system generates output results for all the gates or flip-flops contained in the device.

Alternatively, if the identifier is the placeholder AAAA, representing a generic testing case, the system bypasses the
preliminary gate-level validation. Instead, it directly applies the stored truth table for all possible gate or flip-flop
configurations within the 74-series library. This approach ensures flexibility in handling both device-specific and generic
test scenarios.

From a research perspective, this methodology demonstrates a structured and automated approach to functional
verification of 74-series digital ICs. The hierarchical decision-making process enhances efficiency by filtering out
undefined devices early in the workflow. At the same time, the incorporation of both specific and generic test pathways
ensures broad applicability. Such a testing framework can be integrated into laboratory educational tools, automated IC
testing equipment, and digital system validation platforms, thereby reducing manual verification time and minimizing
human error.
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Figure 3.

74-series logic ICs configuration used in this research (Examples).

As a result, following entry of the IC number by the user, the microcontroller pins will be reprogrammed by the system
as in or out pins to match the 1C configuration depending on IC number. The truth table for each gate will then be applied
by the system to ascertain whether or not it functions under the required conditions. Examples of the truth tables that the
system uses for each gate and Flip- Flop are shown in Figures 4 and 5.

Figure 6 displays the system block diagram. There are four components that comprise the system. The first and main
component is the Arduino Mega platform module [24], The Arduino Mega serves as the system's main microcontroller.
The Arduino Mega includes 54 programmable logic inputs and outputs, numbered from 0 to 53. As a result, a variety of
logic integrated circuits (ICs) with larger pin sizes can be tested using it.
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Truth tables for logic gates (Examples).
Truth Table of JK Flip Flop
G J K Q Q
HIGH 0 o Latch Latch
HIGH o 1 0 1 J Q
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1 o Ll 1 5
1 1 1 a ] Q
Figure 5.

Truth tables for JK and D Flip-Flops (Examples).

Figure 7 displays the IC testing system's circuit schematic. It is comprised of an Arduino Mega board, which acts as a
microcontroller and connects to an IC holder with 40 pins, a four-by-four keypad [25] to input the intended IC number for
testing, an LCD module (16 by 2) [26, 27] that displays each IC gate's test results, the IC holder, and a 9-volt battery that

powers everything.
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Figure 6.
The system is depicted as a block diagram
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Figure 7.
Circuit diagram of the system

3. Result and Discussion

The system has been tested for wide range of logic ICs and the test results show the great precision for gate-level
testing of these integrated circuits. The results of testing were as follows: Testing of the 7400 logic IC (quad 2-input NAND
gate 1C) with malfunctioning first and third gates and functional second and fourth gates is shown in Figure 8.

Figure 9, 10, 11, 12, 13 and 14, shows the test of 7408 (2 inputs quad AND gates IC), 7411 (3-input triple AND gates
IC), 7420 (4 inputs dual NAND gates IC), 7421 (4 input dual AND gates IC), 7427 (3 input triple NOR gates IC), 7486 (2
inputs quad XOR gates IC), all these ICs with no faults conditions for all gates. Figures 15,16 show the results of tests of D
and JK flip-flops with no fault conditions for all flip-flops for both ICs. Table 1 lists every logic 74-series integrated circuit
that the system has tested and found to be outstanding.
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Testing The gates one by one

Figure 8.
First and third gates in the 7400 IC test are not functioning properly.
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Gate 2'1

Figure 9.
All four AND gates in the 7408 IC test function normally
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Figure 10.
All three (AND) gates in the 7411 IC test function normally
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Figure 11.
All three AND gates in the 7411 IC test work normally.

r ARAA:

Figure 12.
Two AND gates in the 7421 IC test operate normally.

7427 Trighe 3 Ingus NOR

Figure 13.
In the 7427 IC test, each of the three NOR gates operate as intended

Figure 14.
In the 7486 IC test, each of the four XOR gates operate as intended.
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Figure 15.
The 7476 IC test, each of the dual D flip-flops operates as intended

oI Oj0

Figure 16.
The 7474 IC test, each of the dual JK flip-flops operate as intended.

Table 1.

Tested ICs.

Description Company code
2 inputs quad NAND gates SN74LS00
2 inputs quad NOR gates SN74LS02
six inverter gates SN74LS04
2 inputs quad AND gates SN74LS08
3 input triple NAND gates SN74LS10
3-input triple AND gates SN74LS11
4 inputs dual NAND gates SN74LS20
4 input dual AND gates SN74LS21
3 input triple NOR gates SN74LS27
2 inputs quad XOR gates SN74LS86A
Dual JK negative edge FF SN74S122N
Dual JK Flip Flos NTE74LS76A
Dual D positive edge FF SN74LS74N
Dual JK negative edge FF SN74S73AN

4. Result and Discussion

The goal of this research is to design and develop 74-series logic integrated circuits at unit level (gate or flip-flop). The
Arduino Mega platform was used to develop this system as microcontroller. The Arduino Mega platform features 54 pins that
can be configured as in or out pins to handle ICs with sizes ranging from 4 to 40 pins. It has been used to test many logic ICs,
and the results indicate that the conditions of the ICs are well matched.
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