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Low Gain Avalanche Detectors (LGAD)
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»  Modest gain to increase S/N
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Noise increases faster than then signal

- the ratio S/N becomes worse at higher gain
https://doi.org/10.1201/9781003131946
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* UCSC boards with commercial amplifier and analog readout by Oscilloscope
* Less constraints with respect to the ASICs — exploring the limits of the sensors.

* Two UCSC boards with two LGAD
* One LGAD is device under test (DUT)
* Another LGAD is used to trigger electrons events from Sr°°
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* Two TDC (Time to Digital Converter) to provide digital Hit data
e Time of Arrival (TOA) : Range of 2.5 ns and a bin of 20 ps (7 bits)
e Time Over Threshold (TOT) : range of 20 ns and a bin of 40 ps (9 bits)
* One Local memory: to store the 17 bits of the time measurement until LO/L1 trigger (~ 1 MHz)
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e ALTROC1- 5x5 array with complete analogue front end (discriminator + TDC)

* ALTIROC2- 15x15 array with almost complete functionalities
* Full-size ASIC prototype ~2x2 cm? with 225 readout channels
* Large amount of digital data, limited power consumption (1.2W/ASIC = 5.3 mW/ channel)

» data serializers @ up to 1.28 Gb/s,
ALTIROC1 and testboad
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* LGAD collected charge >15 fC (>4 fC) before (after) irradiation

Charge injection self-calibration test in ALTIROC
* Thresholds can be as low as 2 fC - full efficiency reached at ~3 fC

e ~15 ps jitter @ 15 fC, better than 70 ps jitter@ 4 fC
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LGAD Landau 25 ps the reason for part of the high
jitter found
Jitter+system/internal 37 ps | 26 (known reasons)
clock+time walk residual
ALTIROC1 mini-modules @ test beam TDC clock 7 ps Total resolution:
‘ " o 36 ps (likely achievable for
Per hit total 46 ps | 20fcC)/ 70 ps for (4 fC)
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LGAD < FLEX >

Fluence < 1x10*°> neq /cm?

TID <20 Mrad (0.2M Gy)

Design and test each sub-module circuit

Main data stream, Monitoring

Luminosity data stream @40 MHz

> 1.5x10% neq /cm? —

1.5x1.5 4 > 45 Mrad (0.45 MGy)

» Control and data transmission module(IpGBT&VTRx+) sy

e 10.24Gbps uplink

« Joint testing with ATLAS TDAQ(FELIX )

* Power Block (bPOL12V)

e Coreless inductor, height < 4mm
e Optimize the output ripple

* 64-to-1 multiplexer

PEB

* Packaging and testing |pGBT eval. board  VTRx+ eval. board

* Pass the proton irradiation test (80MeV) at/

CSNS

MUX64 in QFN88
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LGAD Single Event Burnout effect (HV stability in the beam)
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Detector units

» Modules are installed and glued on support units (PEEK)
» Challenges :machining or 3D printing of PEEK (flatness <200um)
Loading modules on sug

port units

Loading modules
on support units

m Different color represents
different support units.

Support unit

Glue dots
Module

Support units metrology
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