Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural
Networks
Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Angardi, S., Poursorkhabi, R. V., Shirvanehdeh, A. Z., & Dabiri, R. (2024). Vs
Profiling by the Inversion of Rayleigh Wave Ellipticity Curve Using a
Hybrid Artificial Intelligence Method. Pure and Applied Geophysics,
181(6), 1831-1844. https://doi.org/10.1007/s00024-024-03514-z

Becke, A. D. (2022). Density-functional theory vs density-functional fits. The
Journal of Chemical Physics, 156(21). https://doi.org/10.1063/5.0091198

Bi, Q., Goodman, K. E., Kaminsky, J., & Lessler, J. (2019). What is Machine
Learning? A Primer for the Epidemiologist. American Journal of
Epidemiology. https://doi.org/10.1093/aje/kwz189

Cai, C., Wang, S., Xu, Y., Zhang, W., Tang, K., Ouyang, Q., Lai, L., & Pei, J.
(2020). Transfer Learning for Drug Discovery. Journal of Medicinal
Chemistry, 63(16), 8683-8694. https://doi.org/ 10.1021 / acs. jmed chem.
9b02147

Callister, W. D., & Rethwisch, D. G. (2012). Fundamentals of Materials Science
and Engineering: An Integrated Approach. Wiley. https://books.google.co.
id/books?id=-b2Tn74L6KO0C

Casady, J. B., & Johnson, R. W. (1996). Status of silicon carbide (SiC) as a wide-
bandgap semiconductor for high-temperature applications: A review. Solid-
State Electronics, 39(10), 1409-1422. https://doi.org/10.1016/0038- 1101
(96)00045-7

Chen, C., Ye, W., Zuo, Y., Zheng, C., & Ong, S. P. (2019). Graph Networks as a
Universal Machine Learning Framework for Molecules and Crystals.
Chemistry of Materials, 31(9), 3564-3572. https://doi.org/ 10. 102 1/a cs.
chemmater.9b01294

84



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural
Networks
Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Chollet, F., & Chollet, F. (2021). Deep Learning with Python, Second Edition.
Manning. https://books.google.co.id/books?id=XHpKEAAAQBAJ

Chu, J., & Sher, A. (2008). Physics and Properties of Narrow Gap Semiconductors.
Springer New York. https://doi.org/10.1007/978-0-387-74801-6

Del Sole, A. (2023). Visual Studio Code Distilled. In Visual Studio Code Distilled.
https://doi.org/10.1007/978-1-4842-9484-0

Fan, G., Han, K., & He, G. (2013). Time-dependent Density Functional-based
Tight-bind Method Efficiently Implemented with OpenMP Parallel and
GPU Acceleration. Chinese Journal of Chemical Physics, 26(6), 635-645.
https://doi.org/10.1063/1674-0068/26/06/635-645

Fey, M., & Lenssen, J. E. (2019). Fast Graph Representation Learning with
PyTorch Geometric. 1, 1-9. http://arxiv.org/abs/1903.02428

Gawde, S., Patil, S., Kumar, S., Kamat, P., Kotecha, K., & Abraham, A. (2023).
Multi-fault diagnosis of Industrial Rotating Machines using Data-driven
approach : A review of two decades of research. Engineering Applications
of Artificial Intelligence, 123, 106139. https://doi.org/ 10. 1016/ j. engappai
.2023.106139

Glorot, X., Bordes, A., & Statistics, Y. B. B. T.-P. of the F. I. C. on A. I. and. (n.d.).
Deep Sparse Rectifier Neural Networks (G. Gordon, D. Dunson, & M.
Dudik (ed.); Vol. 15, hal. 315-323). PMLR. http://proceedings. mlr . press
Iv15/glorotlla/glorotlla.pdf

Grattarola, D., Zambon, D., Bianchi, F. M., & Alippi, C. (2024). Understanding
Pooling in Graph Neural Networks. IEEE Transactions on Neural Networks
and Learning Systems, 35(2), 2708-2718. https://doi.org/ 10.1109/ TNNLS.
2022.3190922

85



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural

Networks

Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Hall, S. R., Allen, F. H., & Brown, I. D. (1991). The crystallographic information
file (CIF): a new standard archive file for crystallography. In Acta
Crystallographica Section A (Vol. 47, Nomor 6). International Union of
Crystallography. https://doi.org/10.1107/S010876739101067X

Hao Zheng, Zhanlei Yang, Wenju Liu, Jizhong Liang, & Yanpeng Li. (2015).
Improving deep neural networks using softplus units. 2015 International
Joint Conference on Neural Networks (IJCNN), 1-4. https://doi.org/ 10. 11
09/IJCNN.2015.7280459

Higashiwaki, M., Kaplar, R., Pernot, J., & Zhao, H. (2021). Ultrawide bandgap
semiconductors. Applied Physics Letters, 118(20). https://doi.org/ 10. 1063/
5.0055292

Hinton, G. E., Srivastava, N., Krizhevsky, A., Sutskever, I., & Salakhutdinov, R.
R. (2012). Improving neural networks by preventing co-adaptation of
feature detectors. 1-18. http://arxiv.org/abs/1207.0580

Hopfield, J. J. (1982). Neural networks and physical systems with emergent
collective computational abilities. Proceedings of the National Academy of
Sciences, 79(8), 2554-2558. https://doi.org/10.1073/pnas.79.8.2554

loffe, S., & Szegedy, C. (2015). Batch normalization: Accelerating deep network
training by reducing internal covariate shift. 32nd International Conference
on Machine Learning, ICML 2015, 1, 448-456.

Kalaiselvi, T., Sriramakrishnan, P., & Somasundaram, K. (2017). Survey of using
GPU CUDA programming model in medical image analysis. Informatics in
Medicine Unlocked, 9(August), 133-144. https:// doi.org/10.1016/ j.imu.
2017.08.001

Khemani, B., Patil, S., Kotecha, K., & Tanwar, S. (2024). A review of graph neural

networks: concepts, architectures, techniques, challenges, datasets,

86



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural
Networks
Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

applications, and future directions. Journal of Big Data, 11(1).
https://doi.org/10.1186/s40537-023-00876-4

Kim, S., Lee, M., Hong, C., Yoon, Y., An, H., Lee, D., Jeong, W., Yoo, D., Kang,
Y., Youn, Y., & Han, S. (2020). A band-gap database for semiconducting
inorganic materials calculated with hybrid functional. Scientific Data, 7(1),
1-6. https://doi.org/10.1038/s41597-020-00723-8

Kittel, C. (2004). Introduction to Solid State Physics. Wiley. https://books. google.
co.id/books?id=kym4QgAACAAJ

Labach, A., Salehinejad, H., & Valaee, S. (2019). Survey of Dropout Methods for
Deep Neural Networks. http://arxiv.org/abs/1904.13310

Lee, J., & Asahi, R. (2021). Transfer learning for materials informatics using crystal
graph convolutional neural network. Computational Materials Science,
190(November 2020), 110314. https://doi.org/ 10.1016/ j.commatsci. 2021.
110314

Lentz, L. C., & Kolpak, A. M. (2020). Predicting HSE band gaps from PBE charge
densities via neural network functionals. Journal of Physics Condensed
Matter, 32(15). https://doi.org/10.1088/1361-648X/ab5f3a

Li, K., He, Y., Chen, P., Wang, H., Sheng, J., Cui, W., Leng, G., Chu, Y., Wang,
Z., & Dong, F. (2020). Theoretical design and experimental investigation
on highly selective Pd particles decorated C3N4 for safe photocatalytic NO
purification. Journal of Hazardous Materials, 392(November 2019).
https://doi.org/10.1016/j.jhazmat.2020.122357

Liu, H., Xu, L., Ma, Z., Li, Z., Li, H., Zhang, Y., Zhang, B., & Wang, L. L. (2023).
Accurate prediction of semiconductor bandgaps based on machine learning
and prediction of bandgaps for two-dimensional heterojunctions. Materials
Today Communications, 36(June), 106578. https://doi.org/10.1016/ j. mt

87



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural

Networks

Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

comm.2023.106578

Masood, H., Sirojan, T., Toe, C. Y., Kumar, P. V., Haghshenas, Y., Sit, P. H. L.,
Amal, R., Sethu, V., & Teoh, W. Y. (2023). Enhancing prediction accuracy
of physical band gaps in semiconductor materials. Cell Reports Physical
Science, 4(9), 101555. https://doi.org/10.1016/j.xcrp.2023.101555

Mitchell, T. M. (1997). Machine Learning. McGraw-Hill. https://books.google.co.
id/books?id=EoYBngEACAAJ

Mohammed, M., Khan, M. B., & Bashie, E. B. M. (2016). Machine learning:
Algorithms and applications. In Machine Learning: Algorithms and
Applications (Nomor December). https://doi.org/10.1201/9781315371658

Morab, S., Sundaram, M. M., & Pivrikas, A. (2023). Review on Charge Carrier
Transport in Inorganic and Organic Semiconductors. Coatings, 13(9).
https://doi.org/10.3390/coatings13091657

Mueller, J. P., & Massaron, L. (2016). Machine Learning For Dummies. Wiley.
https://books.google.co.id/books?id=JLEyDAAAQBAJ

Nair, V., & Hinton, G. E. (2010). Rectified linear units improve Restricted
Boltzmann machines. ICML 2010 - Proceedings, 27th International

Conference on Machine Learning, 3, 807-814.

Ong, S. P., Richards, W. D., Jain, A., Hautier, G., Kocher, M., Cholia, S., Gunter,
D., Chevrier, V. L., Persson, K. A., & Ceder, G. (2013). Python Materials
Genomics (pymatgen): A robust, open-source python library for materials
analysis. Computational Materials Science, 68, 314-319. https://doi.org/
10.1016/j.commatsci.2012.10.028

Paier, J., Marsman, M., Hummer, K., Kresse, G., Gerber, I. C., & Angyén, J. G.
(2006). Screened hybrid density functionals applied to solids. The Journal

88



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural

Networks

Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

of Chemical Physics, 124(15). https://doi.org/10.1063/1.2187006

Paszke, A., Gross, S., Massa, F., Lerer, A., Bradbury, J., Chanan, G., Killeen, T.,
Lin, Z., Gimelshein, N., Antiga, L., Desmaison, A., Kopf, A., Yang, E.,
DeVito, Z., Raison, M., Tejani, A., Chilamkurthy, S., Steiner, B., Fang, L.,
... Chintala, S. (2019). PyTorch: An imperative style, high-performance
deep learning library. Advances in Neural Information Processing Systems,
32(NeurlIPS).

Perdew, J. P., Burke, K., & Ernzerhof, M. (1996). Generalized Gradient
Approximation Made Simple. Physical Review Letters, 77(18), 3865-3868.
https://doi.org/10.1103/PhysRevLett.77.3865

Putra, D. S., Azmi, M., Muslikhin, & Purwanto, W. (2022). ANN Activation
Function Comparative Study for Sinusoidal Data. Journal of Physics:
Conference Series, 2406(1), 012029. https://doi.org/10.1088/1742-6596/ 24
06/1/012029

Rahman, C. M. A,, Bhandari, G., Nasrabadi, N. M., Romero, A. H., & Gyawali, P.
K. (2024). Enhancing material property prediction with ensemble deep
graph convolutional networks. Frontiers in Materials, 11. https:// doi.org/
10.3389/fmats.2024.1474609

Reiser, P., Neubert, M., Eberhard, A., Torresi, L., Zhou, C., Shao, C., Metni, H.,
van Hoesel, C., Schopmans, H., Sommer, T., & Friederich, P. (2022). Graph
neural networks for materials science and chemistry. Communications
Materials, 3(1), 1-37. https://doi.org/10.1038/s43246-022-00315-6

Ruder, S. (2016). An overview of gradient descent optimization. 1-14.

Sarker, I. H. (2021). Machine Learning: Algorithms, Real-World Applications and
Research Directions. SN Computer Science, 2(3), 1-21. https://doi.org /10.
1007/s42979-021-00592-x

89



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural

Networks

Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Schmidhuber, J. (2015). Deep Learning in neural networks: An overview. Neural
Networks, 61, 85-117. https://doi.org/10.1016/j.neunet.2014.09.003

Shi, X., Zhou, L., Huang, Y., Wu, Y., & Hong, Z. (2024). A review on the
applications of graph neural networks in materials science at the atomic
scale. Materials Genome Engineering Advances, 2(2). https://doi. org/10. 1
002/mgea.50

Singh, D. V. K. (2017). Band Gap and Resistivity Measurements of Semiconductor
Materials for Thin Films. Journal of Emerging Technologies and Innovative
Research, 4(12), 1200-1210. http://www.jetir.org/ papers/ JETIR1712169.
pdf

Sun, S., Hartono, N. T. P., Ren, Z. D., Oviedo, F., Buscemi, A. M., Layurova, M.,
Chen, D. X., Ogunfunmi, T., Thapa, J., Ramasamy, S., Settens, C., DeCost,
B. L., Kusne, A. G, Liu, Z., Tian, S. I. P., Peters, I. M., Correa-Baena, J.-
P., & Buonassisi, T. (2019). Accelerated Development of Perovskite-
Inspired Materials via High-Throughput Synthesis and Machine-Learning
Diagnosis. Joule, 3(6), 1437-1451. https://doi.org/10.1016/j.joule.2019.05.
014

Sze, S. M., & Lee, M. K. (2012). Semiconductor Devices: Physics and Technology.
Wiley. https://books.google.co.id/books?id=RdnjAgAAQBAJ

Taniguchi, T., Hosokawa, M., & Asahi, T. (2023). Graph Comparison of Molecular
Crystals in Band Gap Prediction Using Neural Networks. https://doi.org/10.
1021/acsomega.3c05224

Terven, J., Cordova-Esparza, D. M., Ramirez-Pedraza, A., Chavez-Urbiola, E. A.,
& Romero-Gonzalez, J. A. (2023). Loss Functions and Metrics in Deep
Learning. http://arxiv.org/abs/2307.02694

Xie, T., & Grossman, J. C. (2018). Crystal Graph Convolutional Neural Networks

90



Implerlnentasi Machine Learning untuk Prediksi Celah Pita Energi Semikonduktor dengan Graph
Neural
Networks
Zulfikar Irham, Prof. Drs. Pekik Nurwantoro, M.S., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

for an Accurate and Interpretable Prediction of Material Properties. Physical
Review Letters, 120(14). https://doi.org/10.1103/PhysRevLett.120.145301

Xu, B., Wang, N., Chen, T., & Li, M. (2015). Empirical Evaluation of Rectified
Activations in Convolutional Network. http://arxiv.org/abs/1505.00853

Yu, P. Y., & Cardona, M. (2010). Fundamentals of Semiconductors. Springer
Berlin Heidelberg. https://doi.org/10.1007/978-3-642-00710-1

Zhou, Y., Huo, H., Hou, Z., & Bu, F. (2023). A deep graph convolutional neural
network architecture for graph classification. In PLoS ONE (Vol. 18, Nomor
3 March). https://doi.org/10.1371/journal.pone.0279604

91



