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Fig. 1. Schematic of the experimental setup in the laboratory.
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Fig. 2. Structure of the detector module.
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Fig. 3. Format of the data of the detector module pro-
cessed by FPGA.
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Fig. 4. Process of continuous readout.
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Fig. 5. Difference of the frame number between module 2— module 5 and modulel corresponding to the same event (trigger).
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Fig. 6. Noise level of detector module (1 ADC unit = 0.25 mV): (a) Mean distribution of transmission curve (FPN is 1.01067 ADC,
converted into the voltage is 0.253 mV); (b) Sigma distribution of transmission curve (TN is 1.01067 ADC, converted into the

voltage is 1.65 mV).
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Fig. 8. Hit selection of the five-layer detection module (The
rainbow indicates the number of times a pixel being hit).
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Table 1.  Comparison of the complexity of the two

algorithms.
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Abstract

Silicon pixel detectors are widely used as vertex detectors or inner trackers in high-energy collider
experiments because of their excellent spatial resolution, extremely high counting capability and low power
consumption. The study of the silicon pixel detector based on the monolithic active pixel sensor (MAPS) is one
of the R&D schemes for upgrading the inner chamber of the Beijing spectrometer Il (BESHI) drift chamber
(MDQC). It is planned to build a 1/10 scale prototype of the inner chamber. The detector module is the basic
component of the prototype, consisting of ten MIMOSA28 chips thinned to 50 pm, a flexible cable and a carbon
fiber support. In order to study the performance of the module, a test system is set up. The system is composed
mainly of five-layer modules, readout electronics and data acquisition system. This article focuses on the
realization of the continuous data readout method with trigger marking function, the measurement of the noise
level of the detector modules, the module response test by a radioactive source, and the study of the hit
reconstruction algorithm. The test of trigger readout logic verifies the correctness of the continuous readout
method with trigger marking. It can be concluded that analyzing consecutive three frames data (the previous
frame, the current frame and the next frame) of each valid trigger will not lead to effective hit data loss. The
noise level of the detector module is tested. The results show that the fixed pattern noise (FPN) is 0.253 mV,
and the temporal noise (TN) is 1.65 mV. The fake hit rate is less than 107® that can be ignored when the chip
threshold is set to be above 40 of noise. Two algorithms for hit reconstruction (i.e. adjacent method and
comparison method) are studied and compared. When the average number of fired pixels caused by each hit is
2.562 and more than four hits in each frame of data, the adjacent method can find all of the fired pixels to be
faster. During the test, the detector module and the electronics are proved to work well. These studies lay a
foundation for further testing the performance of the detector prototype.

Keywords: silicon pixel detector, monolithic active pixel sensor, continuous readout method

PACS: 07.77.Ka, 29.40.Gx, 95.55.V] DOI: 10.7498 /aps.70.20210464

* Project supported by the National Natural Science Foundation of China (Grant Nos. U1232202, 11875274).

1 Corresponding author. E-mail: dongmy@ihep.ac.cn

170702-9


http://doi.org/10.7498/aps.70.20210464
http://doi.org/10.7498/aps.70.20210464
mailto:dongmy@ihep.ac.cn
mailto:dongmy@ihep.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

