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Novel guard ring system design and implementation for detector
dicing edge protection and reduced dead area

fiz#: Fenglan Kuang'; Zheng Li?

LHEKR S

? Xiangtan University

MBifiEH: zheng li mk@yahoo.com

A new guard system has been proposed based on the experience of the development of Si Mini-Pad
detectors. The new GR system is a multi-guard-ring system with segmented n+ implants between
them to prevent the punch-through of electric field through the GR’ s to reach the detector dicing
edge. 2D processing and device simulations have shown that with this new GR system, one achieve 1)
punch-through protection, 2) reduction of detector dead space, 3) it is detector manufacture/foundry
independent regarding the SiO2 property, and 4) it can increase the detector radiation tolerance to
a few times of Mrads. Simulations have shown that in the new GR system, the maximum electric
field near the GR edges can be reduced by more than a factor of two, and the dead area can be
reduced in the order. Further simulations will be performed to obtain optimum design in terms of
n+ segmentation geometry, n+ dose, GR widths and numbers. The next engineering run of the Mini-
pad detectors with the improved GR system is underway in the detector foundry, and test results
will also presented.
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New radiation hard 3D-Trench electrode detector using low resis-
tivity N-type silicon bulk material

iz Meiping Liu’

&8 ZhengLi?
! Xiangtan University

FRTEH:  907080465@qq.com

Space Charge Sign Inversion(SCSI) fluences (¢) of detectors using various low resistivity N-type Sil-
icon bulk material have been calculated. For a given value of (N) in set of 5.00x1013, 1.00x1014,
5.00x1014, 1.00x1015 neq/cm2 (neq:1 MeV neutron equivalent), we used the the oretical calculated
full depletion voltage for 3D-Trench electrode detector (V) to determination the corresponding elec-
trode spacing (L). By setting V(<200V) to get the corresponding electrode spacing. Following, the
Silvaco TCAD is used to study various properties of the detector, using various L values. Simulated
detector electrical properties include detector electric potential , electric field, electron concentra-
tion, full depletion voltage, leakage current, and capacitance.

Summary:

As an example, for a 3D-Trench electrode silicon detector with an initial doping concentration of N=11014cmz2,
the calculated SCSI fluence is ¢p= 1.141015neq/cm2. If we chose an electrode spacing of L=50pm for this
detector, then the detector will not not reach SCSI up to a fluence of 1.141015neq/cm2 and the detector

full depletion voltage is 134 V according to our calculation. This detector will be therefore radiation hard

up to 1.141015neq/cm2 under a working bias voltage of 134 V. Full 3D TCAD simulations have shown
that, for the 3D-Trench electrode silicon detector with an initial doping concentration of N=1*1014cmz2,

and an electrode spacing of L=50pm, the detector is fully depleted under a bias of 134 V, in excellent
agreement with our calculations. Similar works have been done for detectors with other initial doping
concentrations.
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Development of SPIROC2b-based multi-channel front-end elec-
tronics for SiPM array
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ot =K A 2 B LX) R

! University of Science and Technology of China
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M : beibei@mail.ustc.edu.cn

As an emerging silicon detector, SiPM has the characteristics of high sensitivity, small size, low bias
voltage and insensitivity to magnetic field. Widely used in medical imaging, particle detection, light
detection and other fields. For PFA-supported calorimeter like ECAL in CEPC, SiPMs often form
an array with scintillators to form a dense array of detectors. Therefore, it puts forward low power
consumption, high integration, large dynamic range and time measurement capability for readout
electronics. In this work, we design and implemented a front-end electronics whose electronics part
is integrated with detector part on the same board and which has 144 channels are integrated in
the 20cm x 20cm sensitive area. The results of electronic test indicate that the front-end electronics
achieved dynamic range from 62fC —300pC for charge and time measurement resolution of 200ps.
In addition, a cosmic ray detection experiment was done on this front-end electronics, which suc-
cessfully separated MIPs from pedestal.

Summary:

In this work, a SPIROC2b-based front-end electronics for 144 channels of SiPM readout is designed and
implemented. Some electronics and cosmic ray tested have been done and show that the electronics
works well.
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