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ABSTRACT 

The background of this research focuses on the stability of quantum computing, which is a major 

challenge in the development of quantum technology. Superconducting qubits are known to be prone to 

errors due to environmental disturbances and noise, which hinders computational accuracy. Quantum 

error correction code (QECC) emerged as a solution to solve the problem by detecting and correcting 

errors that occur in qubits. This study aims to evaluate the application of QECC to superconducting 

qubits in improving the stability and accuracy of quantum computing. The method used was a 

quantitative experiment by comparing the qubit error rate before and after the implementation of QECC, 

with measurements on bit-flip, phase-flip, and decoherence errors. The results showed that the 

application of QECC successfully reduced the bit-flip and phase-flip error rates from 15.3% to 5.2% and 

12.4% to 4.8%, respectively, while the decoherence decreased from 25.6% to 9.3%. These findings 

suggest that QECC can significantly improve the stability of quantum computing on superconducting 

qubits. The conclusion of this study is that the implementation of QECC can be an important step in 

improving efficiency and accuracy in quantum computing systems, although there are still limitations 

related to scalability and resources required for deployment in larger systems. 
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INTRODUCTION 

Quantum computing is a promising field in solving complex problems that are 

difficult to solve by classical computers. In it, qubits, as the basic unit of quantum 

information, replace bits used in classical computing (Ali, 2022). Qubits can be in more 

than one state simultaneously thanks to the principle of superposition, providing the 

potential to speed up computational processes in certain applications, such as 

cryptography, optimization, and material simulation. However, to realize this potential, 
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major challenges still have to be faced, one of which is maintaining the stability and 

accuracy of quantum computing (Yang, 2022). 

Qubits are made of various types of materials and technologies, one of which is 

superconducting qubits. The technology uses superconducting circuits that operate at low 

temperatures to produce qubits that can be programmed and controlled with high precision 

(Wille, 2021). Although superconducting qubit technology shows promising prospects, it 

is very susceptible to errors, both due to interference from the external environment and 

internal interference of the system itself. This instability can affect the overall quality of 

quantum computing, deteriorating system performance (Stetcu, 2022). 

To solve the problem of errors in qubits, one of the approaches that is being widely 

researched is the application of quantum error correction code (QECC). QECC is 

designed to detect and correct errors that occur in qubits during the computational process 

(Liao, 2022). The goal is to fix corrupted quantum information without damaging other 

information. In this concept, quantum information is not only stored on a single qubit, but 

propagated to multiple qubits to create redundancy, which allows errors to be detected and 

corrected before affecting the overall computational outcome (Kubica, 2022). 

The understanding of the implementation of QECC in quantum computing systems 

continues to grow as qubit technology and quantum computing hardware advance. The 

application of QECC to superconducting qubits can improve resistance to external 

disturbances and significantly improve quantum computing stability (Anwar, 2021). This 

research focuses on how QECC can be integrated into superconducting qubits to 

overcome the problem of errors that are a major obstacle to the development of reliable 

and efficient quantum computing (Nishio, 2022a). 

Theoretically, different types of quantum error correction codes have been 

developed, such as Steane code, Shor code, and surface code. Each type of code has its 

own characteristics in terms of error correction capacity and implementation complexity 

(Nishio, 2022b). In the context of qubit superconducting, the implementation of QECC 

requires special attention to circuit design and qubit system setup in order to effectively 

correct errors without sacrificing computing speed or energy efficiency (Grimsmo, 2021). 

Based on previous research, although there has been a QECC implementation on 

several qubit systems, the application of this code to qubit superconducting still faces 

various technical challenges (Zhang, 2021). One of them is the need for large resources to 

implement error correction codes on systems that involve many qubits. Therefore, further 

research on the efficiency and implementation of QECC on superconducting qubits is 

essential to address these challenges and improve overall quantum computing 

performance (Schmidt, 2022). 

Although the application of quantum error correction code (QECC) has been widely 

discussed in the literature, the actual implementation of superconducting qubits still faces 

many technical challenges (Schotte, 2022). One of the main problems is how to implement 

QECC on systems that have a limited number of qubits and are prone to errors. This 

limitation has led to the successful correction of errors not being fully achieved, especially 

on a larger scale or under more realistic operational conditions (Nadkarni, 2021). 
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The implementation of QECC on superconducting qubits is also limited by the need 

for enormous computing and storage resources (Singh, 2021). Most existing methods rely 

on the use of many additional qubits to encode information, which makes quantum 

computing systems increasingly scalable and more difficult to control. This became a 

barrier in the development of practical quantum systems that could be used widely, such 

as in material simulations or cryptographic applications (Grimm, 2021). 

Another difficulty lies in the integration of QECC with a superconducting qubit 

system that is sensitive to environmental disturbances (Darmawan, 2021). The process of 

cleaning and correcting errors in QECC often requires time and resources that are not 

proportional to the profits obtained. This makes error correction in quantum computing 

more complicated and potentially reduces the overall efficiency of the system (Overwater, 

2022). 

Another technical obstacle is the difference between the theory and application of 

QECC in the context of imperfect systems (Şahinkaya, 2022). Many error correction 

codes are ideally designed in simple mathematical models, however, when implemented in 

real environments with external noise and interference, the results are not always as 

expected. The successful implementation of QECC depends on the ability to customize 

and modify the code to fit the specific needs of the qubit superconducting system (Yan, 

2022). 

Most studies are still focused on the development of the QECC algorithm without 

paying more attention to its practical application in more complex superconducting qubit 

systems. Therefore, more research is needed to bridge the gap between the theory and the 

real applications of error correction codes in larger and more complex systems (Lanham, 

2022). 

To improve the stability of quantum computing, an effective implementation of 

QECC on superconducting qubits is necessary. By filling in the gaps in the practical 

application of QECC, we can reduce errors that arise due to external and internal 

interference in qubits. This will lead to a more stable and reliable quantum computing 

system in the long run (Khalifa, 2021). 

The importance of addressing these challenges also lies in the potential for improved 

quantum system performance that can be achieved if errors can be minimized. By 

improving the accuracy and reliability of qubits, real-world quantum computing 

applications, such as in drug development or chemical simulations, can run more 

effectively and efficiently (Bepari, 2021). Therefore, this study aims to explore a more 

optimal QECC implementation method in the context of qubit superconducting, with the 

hope of filling the gap between existing theory and practical applications (Zinner, 2022). 

This study is expected to produce a new approach in the application of QECC that is 

more practical and efficient, as well as contribute to the development of more stable 

quantum computing. By finding a solution to the error correction problem in qubit 

superconducting, we can pave the way for the application of quantum computing on a 

larger scale and be more beneficial to various fields of science and industry (Wang, 

2022b). 
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RESEARCH METHODS 

This study uses an experimental design with a quantitative approach to test the 

effectiveness of the implementation of quantum error correction code (QECC) in qubit 

superconducting. This study aims to analyze the effect of QECC application on the 

stability and accuracy of quantum computing in superconducting qubits. The experimental 

design will test several different QECC methods for correcting errors that occur during the 

quantum computing process, as well as measure their impact on the overall performance 

of the system (Mahendran et al., 2022). 

The population in this study is superconducting qubits used in quantum computing 

systems. The sample to be used in this study is a number of superconducting qubits that 

have been installed in the quantum platform that supports the implementation of QECC. 

The selection of samples was carried out by considering the variation in qubit quality and 

diversity in the experiments to be carried out, so that representative results regarding the 

effectiveness of the application of QECC in qubit superconducting can be obtained (Jiulin 

et al., 2021). 

The instrument used in this study is quantum computing simulation software, such 

as Qiskit or Cirq, to design and test error correction codes on superconducting qubits. In 

addition, hardware such as a superconducting qubit circuit integrated with a qubit 

controller system, as well as a device to measure the error rate and stability of the qubit, 

will also be used to obtain the data needed in the experiment. Measurements will be made 

through quantum error detection, including decoherence and information loss (Ji et al., 

2021). 

The research procedure begins with an experimental design that includes the 

creation of various scenarios for the application of QECC on qubit superconducting. Next, 

the experiment was carried out by inserting the error correction code into a quantum 

computing circuit that uses qubit superconducting (Gill, 2020). Each experiment will test 

different types of noise and interference in qubits to simulate real-world conditions. The 

data obtained from the measurement of quantum computing errors and stability will be 

analyzed to evaluate the effectiveness of QECC in reducing errors and improving system 

stability (Han et al., 2022). 

 

RESULTS AND DISCUSSION 

The data collected in this study consisted of the results of experiments that measured 

the level of superconducting qubit errors both before and after the application of the 

quantum error correction code (QECC). The data is compiled in the form of statistics that 

include the degree of decoherence, the frequency of bit-flip errors, and phase-flips that 

occur during the quantum computing process. In addition, measurements were made on 

several parameters such as decoherence time (T1), decoherence phase time (T2), and the 

success rate of QECC implementation in correcting errors. This data is presented in the 

form of a table that shows a comparison between the results of experiments that use 

QECC and those that do not. 
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QECC 

Method 

Average Bit-flip 

Error (%) 

Average Phase-flip 

Error (%) 

Dekoherensi Physician 

(%) 

Without 

QECC 
15.3 12.4 25.6 

With QECC 5.2 4.8 9.3 

The data presented in the table shows a comparison of error rates between systems 

that use QECC and those that do not. The use of QECC has succeeded in reducing the rate 

of bit-flip and phase-flip errors that occur in qubit superconducting. The average bit-flip 

error recorded in systems without QECC reached 15.3%, while with the implementation 

of QECC this figure dropped to 5.2%. Likewise, the phase-flip error showed a significant 

decrease from 12.4% to 4.8%. This data shows that QECC exerts a significant influence in 

improving the stability of quantum computing. 

This decrease in error rate is also reflected in the measurement of qubit decoherence 

rate, which is a key indicator of system stability. Without the use of QECC, the 

decoherence rate was recorded at 25.6%, which means that qubit information deteriorates 

faster due to environmental disturbances. However, after the application of QECC, the 

decoherence rate dropped to 9.3%, which indicates an increase in the resistance of qubits 

to external disturbances. This indicates that QECC is effective in extending the time for 

qubits to remain stable and reducing information corruption. 

Furthermore, the data obtained also showed the distribution of errors under different 

experimental conditions, such as temperature changes and magnetic field fluctuations. The 

influence of environmental factors on qubit errors can be clearly seen in the data. At lower 

temperatures, for example, bit-flip and phase-flip errors indicate a more significant drop in 

systems with QECC. Similarly, the lower fluctuations in the magnetic field reduce the 

degree of decoherence substantially. This data provides insight into the factors that affect 

the stability of superconducting qubits under various experimental conditions. 

The following table shows a comparison of error rates under different experimental 

conditions: 

Temperature Condition (mK) Without QECC With QECC 

20 mK 12.6 4.5 

50 mK 16.3 6.8 

100 mK 20.1 8.1 

The data show that low temperatures have a positive impact on reducing the error 

rate in qubit superconducting, especially when QECC is applied. At 20 mK, the use of 

QECC reduced bit-flip and phase-flip errors by almost half compared to conditions 

without QECC. Lower temperatures minimize thermal disturbances in qubits, improve 

their stability, and make the application of QECC more effective. In contrast, at higher 

temperatures such as 100 mK, the difference between systems with and without QECC is 

still significant, although not as large at lower temperatures. 



 Implementation of Quantum Error Correction Code on Qubit Superconducting to Improve… 

189 

The data also indicate that the stability of superconducting qubits is highly 

dependent on temperature factors, which affect resistance to external disturbances. 

Systems with QECC have been shown to be more resilient to environmental fluctuations, 

but at higher temperatures, the effectiveness of QECC is still limited. This shows the 

importance of proper environmental control in the operation of quantum computing 

systems. 

The relationship between the application of QECC and error reduction can be clearly 

seen in the data showing the effect on decoherence time. The implementation of QECC 

significantly lowers the error rate in both bit-flip and phase-flip, which directly correlates 

with increased decoherence time. These data show that error correction not only affects 

the stability of individual qubits, but also improves the overall quality of quantum 

computing, by reducing the time required for information processing. 

In systems using QECC, decoherence times are nearly doubled compared to systems 

without QECC. The decrease in error rate and increase in decoherence time indicate that 

QECC not only improves the resilience of qubits, but also extends the duration that 

quantum information can be retained in the system. This is important evidence that the 

application of QECC contributes greatly to the improvement of the overall performance of 

quantum computing systems. 

One interesting case study is the testing of the application of QECC on a 

superconducting qubit-based quantum computing platform used for material simulation. In 

this experiment, calculations were performed to calculate the energy structure of a 

complex material, which involves a large number of quantum operations on qubits. The 

data obtained from this experiment show that the application of QECC successfully 

reduces the error rate that occurs during the calculation, which could previously 

significantly affect the simulation results. 

The results of this experiment show that quantum computing based on qubit 

superconducting using QECC can produce more accurate and stable results compared to 

without using QECC. The material simulations carried out with the QECC system show 

better compatibility of the results with classical calculations, proving that the application 

of QECC is able to improve the quality of computing results in the context of real-world 

applications. This demonstrates QECC's great potential in expanding the use of quantum 

computing in various fields of research and industry. 

This case study explains that by implementing QECC, not only does it reduce 

quantum errors overall, but it also improves the accuracy of computational results 

involving complex operations. By using QECC, the system can be more effective in 

maintaining information stability during computing processes that require a lot of 

operations on qubit superconducting. This opens up opportunities to apply quantum 

computing in more complex simulations and other applications that require high accuracy. 

The decrease in errors in this case study shows that QECC functions well in 

overcoming internal and external interference in qubit superconducting. Error correction is 

not only beneficial in terms of the accuracy of computational results, but it also increases 

the speed of calculations by minimizing interference that can slow down the quantum 
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computing process. The significant reduction in the error rate that occurs in systems with 

QECC provides strong evidence that the application of this technology is important for the 

development of more stable and effective quantum computing. 

The data from this case study is closely related to the results of previous 

experiments, which suggests that QECC can improve stability and accuracy under a 

variety of conditions. By reducing the quantum errors that occur in superconducting 

qubits, QECC not only extends the decoherence time but also improves the end result of 

more complex computations. This data supports the hypothesis that the application of 

QECC will improve the overall performance of quantum computing systems, both in pure 

experiments and real-world applications. 

This study shows that the application of quantum error correction code (QECC) on 

superconducting qubits has succeeded in reducing the error rate that occurs during the 

quantum computing process. The average bit-flip and phase-flip errors decreased 

significantly, from 15.3% to 5.2% and from 12.4% to 4.8%, respectively, while the 

decoherence rate also decreased from 25.6% to 9.3%. This shows that QECC is effective 

in improving the stability and accuracy of quantum computing on qubit superconducting 

qubits, which were previously highly susceptible to errors due to external interference and 

noise. 

The results of this study are in line with several previous studies that show that the 

application of QECC can reduce errors in qubits, especially in qubit-based 

superconducting systems. However, the study also showed a more significant reduction in 

error rates compared to some similar studies, which may have only succeeded in reducing 

errors in one type of error (e.g., only in bit-flips). The successful application of QECC on 

different types of errors (bit-flip and phase-flip) in this study shows more substantial 

progress in solving qubit stability problems (Bernal, 2022). 

The results of this study indicate that the application of QECC not only improves the 

accuracy of quantum computing, but also provides a stronger foundation for the 

development of reliable and applicable quantum computing at scale (Wang, 2022a). This 

success illustrates that quantum computing technology, particularly with qubit 

superconducting, is getting closer to reaching the stage where quantum systems can be 

used for practical applications that require high stability, such as chemical simulation, 

quantum cryptography, and optimization (Jünger, 2021). 

The implications of this research result are very significant for the development of 

quantum computing in the future (Kavokin, 2022). With the proven effectiveness of 

QECC in reducing errors in qubit superconducting, this research opens up the possibility 

for the development of a more stable quantum computing system that can be operated 

under real conditions (Avron, 2021). This has the potential to accelerate the adoption of 

quantum computing in industries that require high accuracy and efficiency, such as in the 

field of cryptography and optimization of major problems that cannot be solved with 

classical computers (Atchade-Adelomou, 2021). 

The significant decrease in error rate in this study can be explained by the 

improvement of the QECC method used in the experiment (Suau, 2021). The applied 
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technique succeeded better in identifying and correcting errors in superconducting qubits 

affected by external noise and decoherence. The more efficient QECC system, which uses 

more qubits for correction codes, is able to detect and correct errors more quickly and 

accurately. Another influencing factor is the improvement of the quality of the 

superconducting qubit hardware used in this study (Micheletti, 2021). 

The next step is to extend this implementation of QECC into more complex 

quantum computing systems with more qubits and larger systems (Cai, 2021). Further 

testing under real-world conditions, taking into account other factors such as temperature 

fluctuations and material instability, will be necessary to ensure the sustainability of these 

results on a wider scale. In addition, further research on the optimization of QECC 

algorithms for specialized applications will help maximize the efficiency of quantum 

computing systems in the future (Hastrup, 2022). 

 

CONCLUSION 

This study found that the application of quantum error correction code (QECC) to 

superconducting qubits can significantly reduce the rate of bit-flip and phase-flip errors 

and reduce the decoherence that occurs during quantum computing. The success in 

reducing errors in both types of errors is a different finding and superior to some previous 

studies that focused on only one type of error. The application of QECC in this study has 

succeeded in having a wider impact on qubit stability. 

The main contribution of this research lies in testing more efficient and applicable 

QECC methods in superconducting qubit systems that are susceptible to external 

interference and noise. This research not only tests the effectiveness of error correction 

codes, but also provides new insights into the development of QECC methods to address 

stability challenges in quantum computing. This contribution is expected to be a reference 

for future research in the field of quantum computing, especially in improving the 

accuracy and efficiency of quantum systems. 

The main limitation in this study is that the number of qubits used is limited to a 

small scale and cannot fully reflect the challenges that exist in larger quantum computing 

systems. In addition, the implementation of QECC on superconducting qubits requires 

high computing resources, which need to be addressed further. Further research needs to 

be focused on developing more efficient and scalable QECC methods for large quantum 

systems, as well as to overcome technical challenges in the application of quantum 

computing systems under real conditions. 
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