Triggerless readout for silicon detectors at PANDA
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hybrid pixels

The PANDA Experiment < —"EE. ..D[I —a The Micro-Vertex-Detector stiicon h‘v

- Fixed target experiment - - 4 concentric barrels and 6 forward disks
- Almost 41 acceptance | . Vertex reconstruction for primary and
- Cooled antiproton beam using secondary vertices

electron and stochastic cooling

. Proton or heavy nuclear target

« Momentum from 1.5 up to 15 GeV/c
. Trigger-less readout at

« Improvement of momentum resolution and PID
- Requirements:

- spatial resolution (tens of um)

- good time resolution and low material budget

~107interactions /s Target Forward - high radiation tolerance (10"n_ . /cm?
Spectrometer Spectrometer =Y e . . .
silicon microstrips
Hybrid Pixel Detector Readout: ToPix ToPix_v4 prototype
« Detector modules based on epitaxial pixel sensors and ToPix readout chip - ASICsize: 3 x 6 mm?, clock frequency 160 MHz
. Main features of ToPix: » 130 nm CMOS technology
- pixel size: 100 x 100 pm? pusy_in « Pixel matrix: 640 cells, 2x2x128 and 2x2x32 columns
- chip active area: 11.4 x 11.6 mm? o L . Time over Threshold technique, 12 bits dynamic range
SlgierWS’ 110 CO'Um$5)T y pou |V — | B . Compatible with sensors of previous version (ToPix_v3)
dyg a);n Tlerzsnuggme”t’ ol, 12 bits O‘*Z}—_{} Conte ;\/ . Hamming encoding and TMR pixel logic protection
_ Max. input charge: 50 fC 5 =l - Leading and trailing edge registers with DICE-protected latches
- Noise floor: < 200 e |: 1> g « SEU protected EoC
- Input clock frequency: 160 MHz 2 - Serial data output (SDR and DDR)
- Time resolution: 6.43 ns (1.86 ns r.m.s.) e . GBT compatible SLVS I/0
- Power consumption: < 800 mW / cm? Schematic of the pixel cell

- Max. event rate: 6.1- 10°/ s
- Total lonizing Dose: < 100 kGy
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SEU tests of ToPix_v4 with ion beams @ LNL-INFN. o7E
o o o . o 0.65—
Study of the configuration registers inside the pixels. . ' L g
SEU cross section one order of magnitude lower with bbbl e o6
respect to ToPix_v3 (D-type flip-flops circuits 4 single-chip assemblies under test . oo
with TMR instead of latches with TMR) at FZJ with 2.9 GeV/c proton beam ToT at several discharge currents of the Threshold e
feedback capacitor Efficiency vs. threshold

Double-sided Silicon Strip Detector Readout: PASTA

Terzo Incontro Nazionale di Fisica Nucleare INFN2016, LNF, Frascati

 Barrels: rectangular and square strip sensors Measurement Concept Chip Architecture
»  Disks: trapezoidal strip sensors vi _ cventsigna T.Frontend 2.ATaog TOC 3,700 Contol 4. GibalConirl
. Front-end readout chip: PASTA (PANDA STrip ASIC) o Ioesiona il ;.
« Chip concept inspired by TOFPET W A O D1, g P HoE oo, [ |
. Main features of PASTA: Y S B e T [CN
channels: 64 o t; validate ( £ ge s e g PASTA on the DISH (Digital Ir\terface? for Strip
- input pitch: 63 um ’:Jime — | data Handling) test board with a strip sensor
- clock frequency: 160 MHz First test results
- rate capability: 100 kHz / ch Chip Simulations
- time bin width: 50 - 400 ps Analog TDC ront-end
- dE/dx measurement: ToT, 8 bits e R et Soumes T TTTTER T : 0\ output
dynamic range | _@E ................................ E!n»e-.i T = Comparator
- Front-end noise: < 600 e | ® e 5 \O® T output
- Power consumption: <4 mW /ch | - ||> / - _: o, | | Start of
- Radiation tolerance: 100 kGy (TID) 100l | @ e o Amnitude = Eime C”:am_h; - aratoromn bbb e i i\ o b bbb ikl Conversion
- Technology: CMOS 110 nm T e N Converter - p End of
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ToT linearity in the input charge
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