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With the continuous advancement of research on deep subsurface dark matter, low-background and low-noise
detection devices have become the mainstream and hotspot of research. Low noise, high-density, arrayed
sensing and amplification devices that can meet high sensitivity and energy resolution have become the key
research objects of detection devices. InP devices have excellent low-temperature electrical properties and low
noise performance due to physical characteristics such as conduction band discontinuity at the heterojunction
InAlAs/InGaAs interface, high two-dimensional electron airtightness, high electron mobility in the channel,
and small differences in thermal expansion coefficients of lattice matching systems. Our research group has
conducted research on low-temperature modeling techniques for InP devices. Including low-temperature
small signal equivalent circuit model, low-temperature noise matrix, and physical meaning of the model;
Low temperature small signal equivalent circuit model parameter extraction technology, including intrinsic
component parameter extraction, parasitic capacitance, inductance, and resistance parameter extraction. At
the same time, using artificial neural network models to learn low-temperature passive device models has
improved the modeling speed and scaling accuracy of the models. It can provide accurate low-temperature
device parameters for the design of low-temperature front-end circuits, which is of great significance for
shortening the design cycle, reducing design costs, and improving reliability.
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