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IMB-CNM in a Nutshell

● We can contribute to all the 
sensor R&D steps 

Sensor
R&D

Fabrication

Inspection

Simulation

Characterization

Technological 
Design

https://www.imb-cnm.csic.es/en 
https://rdg.imb-cnm.csic.es/ 

https://www.imb-cnm.csic.es/en
https://rdg.imb-cnm.csic.es/
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LGAD challenges

18/06/2024

a) Radiation Hardness: Gain decreases with fluence
 Serious challenge for HL-LHC applications and beyond

[https://doi.org/10.1016/j.nima.2018.02.018]

b) Fill factor: Termination (non-gain area) dominates for small pixels 
 Need to account for drift to JTE
 Good timing reconstruction requires homogeneous weighting field 

https://doi.org/10.1016/j.ni
ma.2021.165746

c) Other certainly non-minor challenges: Fabrication Yield and Device Reliability
 Compromising many-pixel structures, large devices and even moderate productions

d) Classic design is not optimal for low penetrating particles (lower efficiency, lower gain) 
 Many attractive applications in this category: low energy protons, soft X-rays, UV photons and beyond

https://www.sciencedirect.com/science/article/pii/S0168900218301682
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900221X00290/1-s2.0-S0168900221007312/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEEAaCXVzLWVhc3QtMSJHMEUCIGk4wiUUhfMmqLk%2BGX99klU8mgVvRvmJuxzAJRS4fifMAiEA%2BGyfcUakvjBczvrjNkahmc2TGH2enE6POkXO%2F%2BY2SQcquwUI2P%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDMEhYOcGjaLpY14XiCqPBUsbKoXjvQqjDYKpH1TC%2BIRwowq3H060h53LqvZuM2OhsvoHITgeJW8%2F8MxvSsALXvPr89Z44sqyEspfxAjiIJ8gzOBcE3HZGgl1%2BPHJ5CWU5KHobQ4Iw2vPYNYkefMv4IlwwSV9%2B1k%2BMB7cQEB%2BVhAMFKt0IsKLRMtHxMNG2k6rXSnU9BshwKPvToGvAtLh%2BFq2GPQ2hJPItXe%2FpBR7lN%2B27qKeJ4hPy%2FU4QUxeLICY3rltzs%2B8DqY0g6dtOeWnr%2FeIEMs11fkg%2Bgkuxx7f3N8Qcg3FYiMyzEZj1n3GkVsSlckPiABmEHusUwI%2Fk7HikBIBtl2f3%2Fma29U9JgVl%2BgINLNWnJctFrQ9DDiaA8X6Fl%2FnJ0RsYEgxyD%2BLG66RNWLh8vHNSZCsriJL%2BP4a%2BNsNYPGQq%2BEgAkCm1g%2FzijsBx3JTe1e7cKm%2Ba98BZoGYM6kDkF5VVIBfqjTqPL1i6BcYYK1ETKO5j2vKn9PvuQrdf2f8jRK0HGcnqX5dfMwDJ%2FZBdh2yjJvSPCU%2Fmp4JYqKUkoy4Ifia0mRV2aO7OavqMJV9wm%2BsKquMWO3w2w5aWbQlOEANAeO4K8JpjDyn%2FGjcl7JmBx5QKOVnQ1BXDZGqlmIueQ8SM0stJavqGgpAGnolwIWGhRA6XLqOYsKBpVvFmRsGB6npqltpDTmgzD6jHjlsNjYlRHGWcWe8RVa7nTbgA9rV9MODuJ1SaVUCNhtKV9637KcIEF6kqwF99FuaW5c2j6SW9VhSViZvOj%2FXxEhz76SPPPCVehKczHj4m1rEiHgDoNpoNUoFgIuH3IuEjGRU3WSec6a8xzATEv8m3SB%2BGj0Vy4jpCFkH4G9I1iMvapkaaSs1QqLZ9XovfxEgwqf67swY6sQGKC%2F4yINPiQBCsAr74vnLc1VgkwtiOJkFk0ScM%2BwZN2%2FgokHwymUPG9uCpcL%2FiB0Dc3Rf5VIxvqQV2%2BA0uwNLm2c%2BA9atYH58F%2FUowXprzRH0Bzzo9tVhbAJ%2FLQUVYyC9G1t6FMd5DLM4kDSgbck%2Fx%2F7uUhURliNDzzYY3pDhdsf%2B3SXVWSL8P6ATTgNjwCNrFz0dkE%2F5YYy0BT79%2FG%2BFJZG3Y3QoL%2F0XMdolQm7D6Mr0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240616T153951Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYRFQEJ2FM%2F20240616%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=b6f1e233802727f00dabe6b56d22ab5c66c464e60ed92a2d7be7ca450f8f84fa&hash=758f27a18acf6d7f6402e9070d1f4a9a7d9abe059197f901c9fe83f389b5894b&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900221007312&tid=spdf-73d498c7-b6d0-495d-8139-e772c3900e08&sid=ffcdd0d146047240ea886d9853357d968ea2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=070f5e5856050a5a5f&rr=894be51bbe3e3b5e&cc=ch
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900221X00290/1-s2.0-S0168900221007312/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEEAaCXVzLWVhc3QtMSJHMEUCIGk4wiUUhfMmqLk%2BGX99klU8mgVvRvmJuxzAJRS4fifMAiEA%2BGyfcUakvjBczvrjNkahmc2TGH2enE6POkXO%2F%2BY2SQcquwUI2P%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDMEhYOcGjaLpY14XiCqPBUsbKoXjvQqjDYKpH1TC%2BIRwowq3H060h53LqvZuM2OhsvoHITgeJW8%2F8MxvSsALXvPr89Z44sqyEspfxAjiIJ8gzOBcE3HZGgl1%2BPHJ5CWU5KHobQ4Iw2vPYNYkefMv4IlwwSV9%2B1k%2BMB7cQEB%2BVhAMFKt0IsKLRMtHxMNG2k6rXSnU9BshwKPvToGvAtLh%2BFq2GPQ2hJPItXe%2FpBR7lN%2B27qKeJ4hPy%2FU4QUxeLICY3rltzs%2B8DqY0g6dtOeWnr%2FeIEMs11fkg%2Bgkuxx7f3N8Qcg3FYiMyzEZj1n3GkVsSlckPiABmEHusUwI%2Fk7HikBIBtl2f3%2Fma29U9JgVl%2BgINLNWnJctFrQ9DDiaA8X6Fl%2FnJ0RsYEgxyD%2BLG66RNWLh8vHNSZCsriJL%2BP4a%2BNsNYPGQq%2BEgAkCm1g%2FzijsBx3JTe1e7cKm%2Ba98BZoGYM6kDkF5VVIBfqjTqPL1i6BcYYK1ETKO5j2vKn9PvuQrdf2f8jRK0HGcnqX5dfMwDJ%2FZBdh2yjJvSPCU%2Fmp4JYqKUkoy4Ifia0mRV2aO7OavqMJV9wm%2BsKquMWO3w2w5aWbQlOEANAeO4K8JpjDyn%2FGjcl7JmBx5QKOVnQ1BXDZGqlmIueQ8SM0stJavqGgpAGnolwIWGhRA6XLqOYsKBpVvFmRsGB6npqltpDTmgzD6jHjlsNjYlRHGWcWe8RVa7nTbgA9rV9MODuJ1SaVUCNhtKV9637KcIEF6kqwF99FuaW5c2j6SW9VhSViZvOj%2FXxEhz76SPPPCVehKczHj4m1rEiHgDoNpoNUoFgIuH3IuEjGRU3WSec6a8xzATEv8m3SB%2BGj0Vy4jpCFkH4G9I1iMvapkaaSs1QqLZ9XovfxEgwqf67swY6sQGKC%2F4yINPiQBCsAr74vnLc1VgkwtiOJkFk0ScM%2BwZN2%2FgokHwymUPG9uCpcL%2FiB0Dc3Rf5VIxvqQV2%2BA0uwNLm2c%2BA9atYH58F%2FUowXprzRH0Bzzo9tVhbAJ%2FLQUVYyC9G1t6FMd5DLM4kDSgbck%2Fx%2F7uUhURliNDzzYY3pDhdsf%2B3SXVWSL8P6ATTgNjwCNrFz0dkE%2F5YYy0BT79%2FG%2BFJZG3Y3QoL%2F0XMdolQm7D6Mr0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240616T153951Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYRFQEJ2FM%2F20240616%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=b6f1e233802727f00dabe6b56d22ab5c66c464e60ed92a2d7be7ca450f8f84fa&hash=758f27a18acf6d7f6402e9070d1f4a9a7d9abe059197f901c9fe83f389b5894b&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900221007312&tid=spdf-73d498c7-b6d0-495d-8139-e772c3900e08&sid=ffcdd0d146047240ea886d9853357d968ea2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=070f5e5856050a5a5f&rr=894be51bbe3e3b5e&cc=ch
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Radiation Hardness Challenge
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What we have tried
● Replace Boron with Gallium ● Carbon enrichment

Further steps:
● Partial activation of the gain implant (on going)

● Links with other WG (or projects)

WG2

● 3D sensors for timing WG3

● Radiation hardness 
techniques

WG6

● Other substrates 
(SiC, etc.)

https://doi.org/10.1016/j.nima.2018.04.060 https://doi.org/10.1016/j.nima.2024.169424

https://www.sciencedirect.com/science/article/abs/pii/S0168900218305771
https://www.sciencedirect.com/science/article/pii/S0168900224003504?via%3Dihub
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Fill Factor Challenge
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Inverse LGAD (iLGAD) Trench Isolated iLGAD AC LGAD

● Ohmic contact segmented
● Multiplication region extends over all the 

device 

Cons
• Double side processing 
• Backside sensitive to scratches
• Needs to be fully depleted

● Fully isolated multiplication region
● Single-side and 50% less fabrication steps.
● Higher voltages
● Slim-edge technology.
● Optimization of the multiplication layer is 

independent of charge collection and 
cross-talk at the electrodes.

• Pad segmentation replaced into 
metal segmentation

• The signal is AC-coupled into the 
metal pads by another continuous 
sheet of coupling oxide.

doi:10.1088/1748-0221/11/12/C12039
https://doi.org/10.1016/j.nima.2019.162545

https://iopscience.iop.org/article/10.1088/1748-0221/11/12/C12039
https://www.sciencedirect.com/science/article/pii/S0168900219310721?via%3Dihub
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Yield + Reliability Challenge
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● We have experienced fabrication issues with a 
clear impact on the yield of our technologies
● In the latests runs, this might be partially attributable 

to the major upgrade of the CR equipments (but not 
only)

● Many different technologies, broad variation of 
parameters → Not helping to standardize processes

Dedicated runs to 
stabilize our technologies

Latest mask set with 16x16 pixel devices + single pad LGADs

● Looking for higher reliability (same performance 
and characteristics, among and within devices)

● Increased number of inspection steps
● Careful study of the metallization and passivation
● Use of deep multiplication layer (on going)
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Low penetrating particles
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AC LGAD – Graphene on Siliconproton LGADnLGAD

● Specifically designed to enhance low 
penetrating radiation detection (soft 
Xray, UV, etc.)

● Check previous talk [Fernandez DRD3]

● Version of nLGAD tailored for low 
energy proton detection

● Includes a collection layer with lower 
dose below the P+ electrode

● Many applications beyond high-energy physis experiments…

● Absorption layer (the 35um Si) and bulk Si 
(the 300um Si)

● Graphene placed on top of thin dielectric 
(3nm) in electrical contact with metal 

10.1109/NANO54668.2022.992863710.1109/CDE52135.2021.9455752
https://doi.org/10.1016/j.nima.2022.167220
Patent: WO2022063852 A1

J. Villegas - TREDI2024
https://doi.org/10.1016/j.nima.2023.168377

https://ieeexplore.ieee.org/document/9928637/references#references
https://ieeexplore.ieee.org/document/9455752
https://www.sciencedirect.com/science/article/pii/S0168900222005757?via%3Dihub
https://digital.csic.es/handle/10261/286009
https://agenda.infn.it/event/39042/contributions/222898/
https://www.sciencedirect.com/science/article/pii/S0168900223003674?ref=pdf_download&fr=RR-2&rr=89592e7bbd223b5e
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Takeout

18/06/2024

We were there from the beginning…

We took part in the advances...

We are eager to keep enjoying the fun...

DRD3
Foot Note: We need a logo...
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Thanks for your 
attention!
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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).
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 Thermal processes, CVD and ALD
 Ion Implantation
 PVD and Metallisation (Sputtering and Evaporators)
 Optical Lithography:

• Proximity Aligners: single and double side
• Steppers: g-line and i-line
• Direct laser writing

 Nano-lithography (e-beam, NIL, FIB and AFM)
 Dry etching
 Wet and dry micromachining
 Wet etching and cleaning
 On-line test
 Conventional and advanced packaging
 Electrical characterization

Micro and Nanofabrication CR (SBCNM)

• Equipment:


