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Abstract

The charging and discharging of capacitors in the shaping network during the signal shaping pro-
cess in semiconductor detectors would lead to a ballistic deficit in signal amplitude, which adversely
affects the system’s energy resolution and measurement accuracy. This study systematically inves-
tigated the influencing factors and underlying mechanisms of ballistic deficit by analyzing the char-
acteristics of the detector output signals and the features of the signal shaping circuits. The results
demonstrate that the ballistic deficit is not only constrained by shaping circuit parameters (time
constant, number of stages) but also related to the detector’s applied bias voltage, geometric con-
figuration, and material properties. In practical applications, ballistic deficit within the shaping net-
work can be reduced by increasing the number of RC shaping stages, the detector’s applied bias
voltage, and the carrier mobility. Furthermore, the detector geometry is also a critical influencing
factor. For a given condition, a detector with thin thicknesses is more helpful in reducing the ballis-
tic deficit than a thick one. This research elucidates the coupling relationships among these factors
and their impact on ballistic deficit, providing a theoretical foundation and practical guidance for
optimizing semiconductor detector and readout electronics design, minimizing the ballistic deficit
effect, and ultimately enhancing detector system performance.
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Figure 1. Structure of the signal shaping circuit for semiconductor detectors
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Figure 2. Variation of signal ballistic deficit with the time constant of the shaping network under different RC circuit stages
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Figure 3. The influence of detector thickness variation on signal ballistic deficit
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Figure 4. The influence of changes in voltage and detector material properties on signal ballistic deficit
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Figure 5. The effect of applied voltage on hole drift velocity in different diamonds
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