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Motivation
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 Typical LGADs (thickness = 50 µ) have a lower 
gain response for low-penetrating (LP) 
particles than for high-penetrating (HP) ones

 Although the charge generation mechanism 
differs, the effect is equally expected for 
photons and charged particles

 Photon detection: penetration depth (goes 
inversely with attenuation) in silicon:

 404 nm (blue) → ≈ 0.1 µm < 50 µm
 1064 nm (IR) → ≈ 1000 µm > 50 µm

 Can we build up an LGAD more sensitive to 
low penetrating particles, such as soft-X rays 
or low energy protons?
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Motivation
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 Tradicional LGADs: different gain response for HP (e.g. 1064 nm photons) and LP (e.g. 404 nm photons) 
species: Who triggers the avalanche?

 HP particles: Avalanche mainly triggered by e- crossing the multiplication layer on their drift way. 
 LP particles: e-h pairs almost exclusively generated within the n-side of the junction. Avalanche mainly triggered by h+ 

 Impact ionization rate is higher for electrons than for holes [https://doi.org/10.1016/0038-1101(70)90139-5]. Therefore: 
Gain (HP) > Gain (LP)
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https://www.sciencedirect.com/science/article/pii/0038110170901395?via%3Dihub
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Motivation: nLGAD concept
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 nLGAD concept: Inverting implantation polarity of all the layers, we get an electron-driven avalanche for LP 
species:

 Gain LP > Gain HP 
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1st nLGAD run: CNM-nLG1-v1
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 Mask containing only single-pad diodes. 275 µm 
thick devices

 Gain measurements of the first prototypes showed 
the potential of nLGADs for LP particles detection
 Plot and analysis reported in:

 https://doi.org/10.1016/j.nima.2023.168377

 Penetration depth data:
 https://www.nist.gov/pml/x-ray-mass-attenuation-coefficients (NIST)

 https://doi.org/10.1002/pip.4670030303
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https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900223X00084/1-s2.0-S0168900223003674/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEDoaCXVzLWVhc3QtMSJGMEQCIAx6r5TXei5r%2FJcyHCwjkisQRCQL5J6KvnUtUO44Dc1DAiB0RLZJmMb6lNRrfb%2BGwt1hceDAPmj%2FDoukMC7XtlEfNSq8BQjS%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F8BEAUaDDA1OTAwMzU0Njg2NSIMbd8%2F4zafY89PYNF2KpAF7ooKn%2F6qMWdP8mbA3cqNTcsLXNDJFRYSN7avOHVfKKpesAzrlXkur5fvvNzoGsM%2BDluJ7c%2B34MT01H3nniNtpLD0KZYh5uIM5tPK4db130Xpcnwb98ro9c8muKtxnjrL4orEDyW0dVGMEuZouv1MTXdVIYwr3GzSBmzyl5zNJ2Bwt7mnL2Zig7SpSot74gmzkuC0a9jnFHN26pX49l02ayboc6pqBfTZJm%2F21scdfeq7ry7HqqSh%2B8%2B1SwdPq8a0ApOuInrGrCgjwqtEuxPUL19sEkwshKTIErJeQptyppd6XctvmTWtoOdgxJC9YUeENqFNQ7KobzgG2%2BtwzUEQZIsH552nTEYqOpNJ%2FCZIsOPhx%2B6c82LKaGMH%2B3rEuBEeym86myFl%2FeGu2JJp%2Fh49uoIXASVC%2BM2%2FZsgPBMUnhLnIVAtlHvO0dlQ%2FCkZ7l7tHqMGYb6t2bRoq%2BMJtVUHPeSOqIQscXKKiVeYM52yKgwAqE9gAowSha2JnTOL4OqW6%2Fw96AIZXOdFoTs580YdWk8X87kxUYtvjH6Y1es2XuA3f1%2FVeecZdl811iaugkGwrd0GaTdmQxcOoeQdguPgNI%2FP6kMzY9IZ7aSCn0%2Fm6JzRtWkCnGFaVmdeuM%2BFKg%2BMeHaJZ8CEnLix8IxQHg0bK83UyM6Vav90baXa27bQzseccm577AAc7ov1HMgRCranzxxNpkrg6WRGTk45k0VfCW0Wm%2BmJKGknkpFp1WdLx0xocaTPoOP0PJgY3XtEvg134Kq6I%2Fh7YhthinfAs7FyCRgQ%2FctZcI%2BMW12gy4OUp6GsEkCan9fLunuzaAn5t%2BoxdqZvNaQr8j0ejb4Z7Zfj42yMUw5H4ADtONhZ772suilkwsNe6swY6sgEBTWxhdVPxc1NLeFoEKFBGUop2XxERhnSJDTDr8iydgdYXEik3p8rEyGY2VExRNzp0iY8mBc7ByVvrf%2B%2BnUG6O4FVYtUdVTI6edm2%2BJ%2BBSn0QQO31ft37Wkk9Ooy8%2B0vhjz4A%2FR%2Btt48UW0PbPe3aRhC3Vv9rWx1HxJiOwoGXaSmtyUcOpr9zbDfrLKnVR5vim%2BS3%2BCvkLo18YHSY1iCSJI0OEuCiFF6bZ1TZERev1MlU1&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240616T101347Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYUZQCAW5Z%2F20240616%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f9c48048beaf58a4b790074601c2847bde30c9a57e2d800f33e4a8f6d142632e&hash=3b53c0070a20d0f476f1953f539c8f25e8f389e876c5e408ca48be7c01dabba4&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900223003674&tid=spdf-17dba06e-bf85-4228-b4ac-36664cab34df&sid=43b28ecb437b624f14086512a56f9a2e54bcgxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=070f5e5856065f5859&rr=894a0776ba703b5e&cc=ch
https://www.nist.gov/pml/x-ray-mass-attenuation-coefficients
https://onlinelibrary.wiley.com/doi/10.1002/pip.4670030303
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2nd Run: CNM-nLG1-v2

18/06/2024

Adapted mask set with several structures, mainly:
• Single pad devices of 1.3 and 2.6 mm
• Pixelated devices (design issue)

1.3 mm

3.3 mm

275 µm thick

CNM-nLG1-v2
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CNM-nLG1-v2: Tests

Selected samples (single-pad diodes) TCT-tested: UV light (369 nm), visible light (404 nm) and IR light (1064 nm)
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https://agenda.infn.it/event/39042/contributions/222898/
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CNM-nLG1-v2: Tests

TCT 404 nm light, Max intensity, 1kHz, 20ºC →  Voltage Scans in the center @ 20ºC

100 V

150 V

200 V

10000 averaged waveforms per voltage point
Projection of beam on entrance window : 
 d ≈ 60 µm (spot) < d = 700 µm (window)

[J. Villegas - TREDI2024]

https://agenda.infn.it/event/39042/contributions/222898/
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CNM-nLG1-v2: Tests

TCT 404 nm light, Max intensity, 1kHz, 20ºC →  Voltage Scans in the center @ 20ºC
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nLGAD

[J. Villegas - TREDI2024]

https://agenda.infn.it/event/39042/contributions/222898/
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CNM-nLG1-v2: Tests

TCT 404 nm light, Max intensity, 1kHz, 20ºC →  Voltage Scans in the center @ 20ºC
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https://agenda.infn.it/event/39042/contributions/222898/
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CNM-nLG1-v2: Tests

Selected samples (single-pad diodes) TCT-tested: UV light (369 nm), visible light (404 nm) and IR light (1064 nm)
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https://agenda.infn.it/event/39042/contributions/222898/
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CNM-nLG1-v2: New Tests

Laser beam time in ELI-ERIC (Czech Rep.): Early June 2024
 Same samples. UV-range explored more deeply (250 nm to 390 nm).

Control on the 
beam intensity



1st DRD3 week on Solid State Detectors R&D 1418/06/2024

CNM-nLG1-v2: New Tests

Preliminary!!!

Beam Energy = 5.21 pJ; spot diameter ≈ 300 µm 

Preliminary results with 250 nm

● Tested with different wavelenghts (250-390 nm)

● Wide range of intensities and voltage bias

● Very focusable laser (1µm spot by default)

● Results still under analysis

● Clear gain for LGADs even at 250 nm

● PiN data harder to analyse

● Seem to have gain suppression, in particular with 
higher intensities
● Most of the data were taken with controlled defocus (to 

enlarge the spot)

● Second test campaign in Jul/Aug
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Road ahead

 Further studies on Run 2 (CNM-nLG1-v2):
 Tests all single-pad devices (study of gain uniformity)
 Second test campaign in ELI (end July 2024): systematic measurements at different WL and intensities
 TPA measurements ongoing at CERN
 Gain measurements with X-ray photons and low-energy protons (CNA-Sevilla)

 New Run 3 (CNM-nLG2-v1) just finished:
 Single pads only, mostly 3.3x3.3 mm2. nLGAD and PiN
 Passivation removed from the entrance window and low-energy implant for the ohmic contact
 150 mm wafers

 Plans for the future:
 Promising scenario with soft X-ray applications which utilize water window (E ~ 500 eV)
 We want to couple to Timepix3/Timepix4 ASICs and performe sub-threshold detection unsing the internal 

gain of the LGAD
 Many potential applications on the UV range



Thanks for
your attention
C/ del Til·lers s/n
Campus de la Universitat Autònoma de Barcelona (UAB) 
08193 Cerdanyola del Vallès (Bellaterra) 
Barcelona · Spain

www.imb-cnm.csic.es

Follow us on @imb_cnm



1st DRD3 week on Solid State Detectors R&D 17

Thanks for your 
attention!

18/06/2024

This work has been funded by the Spanish Ministry of Science and 
Innovation (MICIU/AEI/10.13039/501100011033/) and by the 
European Union’s ERDF program “A way of making Europe”. Grant 
references: PID2020-113705RB-C32, PID2021-124660OB-C22 and 
PDC2021-121718-C32. Also, it was funded by the European Union’s 
Horizon 2020 Research and Innovation funding program, under 
Grant Agreement No. 101004761 (AIDAInnova).

This work was conducted as part of the experiment ELIUPM3-57 - 
FEMTODETECT: “Femtosecond laser-based SPA-TCT and TPA-
TCT study of NLGAD detector” (3rd ELI ERIC User Call). We 
acknowledge ELI Beamlines in Dolní Břežany, Czech Republic, for 
providing the beamtime and thank the facility staff for their 
assistance and for administering the experiment.


