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OUTLINE

* Front-end design for the DSSC readout ASIC

* Front-end design in 65nm for low noise readout (of UV sensors)
* ‘Predictive’ Gain-Switching approach

* Possible contribution to FE designs for future EuUXFEL detectors
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The DSSC readout ASIC
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POLIMI contributions
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Charge preamplifier for the DSSC readout ASIC (1)
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Charge preamplifier for the DSSC readout ASIC (2)

Programming phase
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* A control loop is been implemented during the programming phase
* The loop exploits the CSA output stage;

* The loop programs the CSA output voltage to the same Filter virtual ground voltage (Offset Compensation).

Carlo Fiorini — Politecnico di Milano, Italy — “Future Detectors for the European XFEL”, 18t of Sept. 2023 @ RadLab

" MILANO 1863



Electronics noise vs. Integration time (cures o)
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Pixel Readout in 65nm (MIRA ASIC)
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MIRA Charge Sensitive Amplifier (CSA) B
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* Refs:
* R.L.Chase, A. Hrisoho, J.-P. Richer: "8-channel CMOS preamplifier and shaper with adjustable peaking time
and automatic pole-zero cancellation." Nucl. Instr. and Meth. A, vol. 409, 1998, p. 328-331.
* C. Fiorini and M. Porro, “Integrated RC cell for time-invariant shaping amplifiers”, IEEE Trans. Nucl. Sci., Vol.
51, n°5, pp. 1953 —1960, Oct 2004.
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Noise current source vs. pulse duration
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MIRA CSA Transient Pulse and Noise - Simulations
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Noise contributions - Simulations

ENC Series white noise

ENC Parallel white noise
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The SuperPixel - Layout
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The SuperPixel:

 Two mirrored pixels with adjacent digital parts

» 35x35 um?2 pixel size with 20x20 pm? anode size

* Half-analog and half-digital pixel

* Fully-custom design for analog part, RTL design
and synthesis for digital part
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MIRA |1 CSA Transient Response - Measurements
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MIRA Il —Results
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Gain-switching: standard approach
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Gain-switching: ‘predictive’ approach

High Gain High Gain — Mid Gain High Gain — Low Gain

A 4

A 4

v

T1 T2 T1 T2 T1 T2

== |Nput signal

= Qutput voltage
Features:
* Only one gain transition among multiple gains
* Relative freedom in setting the threshold

* Gain-switch decision taken quite early vs. end of integration
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Implementation in a SiPM-readout ASIC
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L.Buonanno, D.Di Vita, M.Carminati and C.Fiorini, "GAMMA: A 16-Channel Spectroscopic ASIC for SiPMs Readout with 84-dB Dynamic Range",

(2021) IEEE Transactions on Nuclear Science, 68 (10), pp. 2559-2572.
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Experimental results
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Implementation in a gamma-ray detector
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M. Agnolin et al., "A y-Ray Detector Based on a 3" LaBr3:Ce:Sr Crystal with SiPM Readout for 80 keV — 16 MeV Energy Range with Position Sensitivity for
Doppler Correction," in IEEE Transactions on Nuclear Science, doi: 10.1109/TNS.2023.3312424.
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Gain switching statistics
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Study of FE in 65nm for EUXFEL detectors
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Preliminary noise evaluations...

Rangel: 1-20ph @1keV
ENC @50ns T, .: 31e-rms (S/N ~ 9.0 @1keV)

Int*

ENC @100ns T. ,: 26e- rms

Int*

ENC @150ns T. ,: 24e- rms

Int*

Range2: 20-1000ph @1keV
ENC: 246e- rms — 1.1ph @1keV

Range3: 103-10%ph @1keV
ENC: 1880e- rms — 6.7ph @1keV

(C;=130fF, Rangel,2 do not include 2" stage noise contributions)
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Wrap-up..

Polimi team is willing to contribute to the development of FE
solutions for detectors for EUXFEL and to collaborate with other
teams for new large scale ASICs.
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