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Abstract: The fin field-effect transistor (FinFET) has become the primary transistor device in advanced integrated
circuits due to its advantages such as high integration, strong gate control capability, high drive current, high switching
speed, and low leakage current. To obtain a physical-level total-ionizing-dose (TID) effect model for different device sizes
under FinFET technology in advanced integrated circuits, this paper proposes and establishes a technology computer aided
design-deep neural networks (TCAD-DNN) model to predict the electrical response of TID effects in devices. This paper us-
es Synopsys Sentaurus TCAD software to perform three-dimensional (3D) device modeling and actual measurement data
calibration for FinFETs in the SMIC 14 nm CMOS process. Subsequently, the built-in Gamma-ray total dose irradiation
model in Sentaurus software is utilized to simulate the total dose irradiation effects of the devices. Compared to the method
of adding fixed charges to simulate total dose irradiation effects, the Gamma-ray total dose radiation model can obtain a

more realistic distribution of trap charges due to total dose effects. By conducting actual electrical characteristic tests on the
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devices before and after irradiation, the obtained measured data before and after irradiation are used for TCAD model cali-
bration. Simulations are performed on different device sizes under this process node to generate a dataset, where 32 928 de-
vice data points serve as the training set to train the model, and another 8 232 device data points serve as the test set to pre-
dict the total dose effects of FInFET devices under ON-state irradiation bias. The average relative error between the final
model curve obtained after training and the test set data is 2.98%o. Furthermore, the predicted curve obtained from the model
also has excellent agreement with the measured data after irradiation, which further verifies the great potential of the model
in practical engineering applications. The TCAD-DNN model constructed in this paper, combining TCAD simulation tech-
nology and deep learning technology, only requires the provision of electrical characteristic curves for a certain range of de-
vice sizes as the training set for training the TCAD-DNN model. The trained model can obtain reliable electrical perfor-
mance for all devices within a certain size and total dose range within a millisecond-scale call time. This model effectively
avoids the issues of excessive simulation time and unstable convergence in TCAD simulations, successfully predicting the
dependence of the electrical response of total dose effects on radiation dose and device geometric parameters. The high pre-

diction accuracy and good flexibility of this model make it applicable in fields such as FinFET device design optimization

and radiation hardening of devices and integrated circuits.
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Figure 1 Device structure and doping concentration diagram
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Figure 7 Epoch-MRE graph during training process of the

selected structure
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Figure 9 Comparison between TCAD-DNN model predictions and TCAD simulation results
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