Development of a hybrid amorphous selenium/CMOS
charge sensor for the Selena neutrino experiment g
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Introduction to Selena Current Prototype
The Selena Neutrino Experiment will utilize amorphous Selenium-82 (aSe) coupled to pixelated CMOS The current prototype detector module implements the Topmetal-11— chip [1]as the pixelated charge
charge-sensing imagers to probe fundamental neutrino physics. The spatiotemporal resolution of sensing device with 500um of aSe deposited by Hologic Inc. Each topmetal pixel contains an exposed
CMOS imaging devices allow for unparalleled background rejection in neutrinoless double beta decay electrode made from the topmost metal layer. The electrode is directly connected to the input of a
(Ov33) searches[3]. charge sensitive preamplifier (CSA). By tuning the CSA decay time for long signal retention, we can

multiplex the signals from each pixel onto a single output for readout using a rolling shutter. Initial
results indicate a noise performance of ~23 electrons.
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Flexible PCB The Open-Source Sky130 Process
e HV As of June 2020, the Skywater Foundry was the first foundry to offer a fully open-source process
design kit (PDK), sponsored by Google. Traditionally under expensive licenses and limited NDAs,
Smm aSe the Skywater Open PDK acts as an entry point into CMOS ASIC (application specific integrated
circuit) design for physicists. Crucially, the open-source design of our sensor will allow for greater
| collaboration amongst collaborators and iteration, long after any NDA expires. Fabrication is offered

through collaboration with efabless, which offers both a free lottery-based shuttle run and a paid

Conceptual design of the ton-scale Selena detector modules. Modularity allows for scaling up to TESEMVEON SHLIEe FUn.

the target mass of 10 ton of 95% ®2Se enriched aSe. High Voltage (HV) applied on each detector
module drifts charge across the aSe onto the readout modules.

The TopmetalSe

The final Selena detector modules require the design of a custom CMQOS imager, known as the

) Topmetal-Se. We are currently in the process of designing the Topmetal-Se in the SkyWater open
130nm process and will be receiving our first prototypes in Fall 2022.
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Simulated 2v 33 event in the Selena detector with 10u:m pixel pitch at different positions In the switches. Right shows SPICE simulated output response to an injected signal for a minimal 3x3
z-axis. The z-position can be fully resolved using the diffusion of the tracks and time of arrival pixel array.
measurements.
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- - (a) Target pixel geometry for next iteration. tapeout.
= B Ongoing design of the pixel. Figure a) shows pixel geometry, with exposed topmetal layer. The
7)) . . . . .
= surrounding guard ring allows for application of a HV to focus field lines onto the electrode.
o 10 = Simulation in COMSOL suggests we can achieve > 99% collection efficiency.
i - . : .
N The final iteration of the Topmetal-Se will feature:
B =T Ltl = 10um pixel pitch, optimized for readout of aSe
1072 F R I T = Time of Arrival measurement, with nanosecond precision
- LL[ = ~10e~ noise
v o oo Lo bk Ml b L = Digital pixel sensor readout structure for fast readout [4]
2900 2950 3000 3050 3100 3150
E [keV] References
Simulated spectrum for a 100 ton-year exposure using the energy resolution of aSe measured in [1] Mangmang An et al. A Low-Noise CMOS Pixel Direct Charge Sensor, Topmetal-II-. Nucl. Instrum. Meth. A, 810:144-150, 2016.
[5].We estimate a limit on the OVBﬂ half life to be Ti/2 > 5 x 1078 yrata 90% confidence level. [2] VV Barinov, BT Cleveland, SN Danshin, H Ejiri, SR Elliott, D Frekers, VN Gavrin, VV Gorbachev, DS Gorbunov, WC Haxton, et al. Results

from the baksan experiment on sterile transitions (best). arXiv preprint arXiv:2109.11482, 2021.

[3] AE Chavarria, C Galbiati, B Hernandez-Molinero, Al lanni, X Li, Y Mei, D Montanino, X Ni, C Pefa Garay, A Piers, et al. Snowmass 2021
white paper: The selena neutrino experiment. arXiv preprint arXiv:2203.08779, 2022.

[4] S. Kleinfelder, SukHwan Lim, Xingiao Liu, and A. El Gamal. A 10000 frames/s cmos digital pixel sensor. IEEE Journal of Solid-State Circuits,
36(12):2049-2059, 2001.

[5] Xinran Li, Alvaro E. Chavarria, Snezana Bogdanovich, Cristiano Galbiati, Alexander Piers, and Brad Polischuk. Measurement of the ionization
response of amorphous selenium with 122 keV ~ rays. JINST, 16(06):P06018, 2021.

Additionally, the Selena neutrino experiment has recently expanded its science goals to include solar
neutrino spectroscopy and an investigation into the "gallium anomaly,” with implications for sterile
neutrinos [3] [2].
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