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Abstract

In this paper, we investigate and model the transient behavior of a digital phase-locked loop (DPLL) clock recovery circuit using artificial neural
networks. The circuit modeling in this study is performed using a deep recurrent neural network (RNN), which faced challenges such as overfitting.
This issue led to a reduction in the accuracy of the proposed model and a mismatch with real-world data. To address this problem, the dropout technique
was employed, which improved the model's performance by reducing its complexity, resulting in a more accurate model compared to the standard deep
recurrent neural network models. Additionally, by utilizing a deep gated recurrent unit (GRU), the model error is significantly reduced by 80.32%
compared to the Recurrent Neural Network (RNN) model, and the model's accuracy is remarkably improved. The Deep Gated Recurrent Unit not only
enhances the model's accuracy but also improves its stability and generalization capability. This method, especially when compared to transistor-level
models, provides a model 43.28 times faster, which is important for practical and industrial applications.
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1-  Short Paper

In the word of telecommunications and digital electronics, clock-recovery circuits are essential for synchronizing incoming signals in digital systems.
Digital Phase-Locked Loops (DPLLs) are particularly valuable in this context, as they offer enhanced noise reduction and improved synchronization
accuracy. Unlike their analog counterparts, DPLs are favored in a wide range of applications, including digital communications and optical networks,
due to their high flexibility and programmability. Designing these circuits optimally requires precise modeling and iterative simulations. While
traditional simulation tools like LTspice provide high accuracy, they are often slow. To address this, modern modeling techniques, such as the
application of neural networks, have been proposed to achieve faster simulation speeds without compromising accuracy. This paper focuses on modeling
the DPLL clock-recovery circuit using Recurrent Neural Networks (RNNs) and Gated Recurrent Units (GRUs).

2- Proposed Work and Methodology

Behavioral models and transistor-level models represent two distinct approaches to circuit modeling. This paper focuses on modeling a DPLL clock-
recovery circuit using deep learning techniques and compares the resulting behavioral model with the traditional transistor-level model. In this research,
Recurrent Neural Networks (RNNs) and Gated Recurrent Units (GRUs) with a structure of (1, 20, 20, 20, 1), along with Dropout techniques, have been
employed. The aim of this approach is to enhance modeling accuracy while reducing computational complexity. Given their architecture, these neural
networks are classified as deep neural networks, which significantly improve the precision and efficiency of circuit modeling.

3-  Conclusion

The results of this paper demonstrate that employing deep neural networks to model the DPLL clock recovery circuit significantly enhances efficiency.
When using an RNN with 10,000 epochs, overfitting was evident, as the test error was considerably higher than the training error. This issue was
effectively resolved by applying the Dropout technique. Ultimately, the GRU model, trained with 3,000 epochs, achieved an 80.32% reduction in error
compared to the RNN model. Additionally, the GRU-based circuit modeling, while maintaining acceptable accuracy, offers a much higher speed
compared to the traditional transistor-level model.
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4 Deep Neural Network (DNN)

5 Recurrent Neural Network (RNN)
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