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Abstract: Perovskite semiconductor materials exhibit great potential in radiation detection owing to
their excellent radiation response characteristics. Time—of—flight (TOF) measurement serves as an
effective method for characterizing carrier transport properties such as mobility, providing crucial
support for screening optimal radiation detection materials. To address the microsecond-scale carrier
drift times typical of millimeter—thick CsPbBr, crystals, a dedicated fast preamplifier is designed
and a TOF measurement system based on a pulsed ultraviolet laser is developed. The preamplifier uti-
lizes transimpedance amplification, followed by a non—inverting amplification stage to boost voltage
signal gain. By employing an operational amplifier with a femtoampere-level ultralow input bias cur-
rent, the device achieves low—noise signal conversion. The designed preamplifier exhibits excellent
linearity and a microsecond—scale fast response capability. Key performance metrics include a rise
time of approximately 1. 1 ws, gain of 1.97 V-mA™, -3 dB bandwidth of 315 kHz, and output
noise of 2. 58 mV. Under bias voltages from 30 to 70 V, the carrier drift time of a 1 mm CsPbBr, sin-
gle crystal decreases from 4. 06 to 3. 21 ps, yielding a room—temperature hole mobility of 19. 83 ecm*
V™'-s'. This preamplifier effectively acquires weak transient signals from CsPbBr,, enabling accu-
rate carrier mobility measurements.
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Fig. 1  Circuit schematic of the fast preamplifier
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Table 1 Key parameters of ADA4530-1ARZ

Parameter Bias current Current noise density Wide bandwidth Slew rate
Typical 20 fA 0.07 fA-H7 " 2 MHz 1.4V-ps™
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Table 2 Key parameters of OPA188AID

Parameter Bias voltage Voltage noise density Wide bandwidth Common mode rejection ratio
Typical 6 WV 8.8nV-Hz " 2 MHz 146 dB
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Table 3 Performance comparison between the designed fast preamplifier and TOF amplifiers reported in the literature

Amplifier type Signal generation mechanism Product model Gain Bandwidth ~ Noise  References
csp Charge—voltage integral conversion eV-550 0.2 ~3.6mV/fC - - (1o
Commercial current amplifier Current—voltage proportional conversion  DHPCA-100 10° V/A 175MHz 1.9 mV (201
The fast preamplifier Current-voltage proportional conversion - 1.97x10° V/A 315kHz  2.58mV  This work
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