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Outline

• A walk down memory lane : Capacitively Coupled Pixel Detectors 

• ENIG deposition and electrode formation on ASIC 

• The SMALLGAD Concept

• Possible application for neutron detection at SNS 

• Ongoing activities 



Capacitive coupling of 
pixelated detectors 
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Capacitively Coupled Pixel Detectors (CCPD) 

Capacitively-Coupled sensors

CCPDv2
CCPDv3 CCPDv4

H35DEMO

Capacitively-Coupled pixel detectors use thin 
layers of glue to couple the Active sensor 
containing amplifier and discriminator to a 
known readout ASIC:

• Possible to study Pixel design while decoupling from 
readout architecture

• Allows radiation testing of the pixel cell and configuration 
registers 

Multiple prototypes developed in IBM H18 and AMS 
H35 technologies

HV2FEI4: Proof of concept 
CCPDv2: First radiation hard design, trial of multiple pixel 
architecture
CCPDV4: Bug fixes and noise improvement
CCPDv5: Like CCPDv4 but produced with AMS aH18
H35DEMO: Large area sensor with high-resistivity 
substrate

dQ = C dV/dt

11/26/19
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CCPD Assembly Process

Finite-element simulations of coupling capacitances in capacitively coupled
pixel detectors, M. Vicente et al. , CLCdp-NOTE-2017-003 + PhD thesis

A large effort was undertaken by collaborating groups in 
ATLAS to develop a reliable process for the gluing of 
CCPD sensors to their ASIC
• Optimization of sensor preparation process (probing, 

gluing)
• Optimization of glue deposition process, flip-chip and 

curing 
• Simulation of Capacitive-Coupling to optimize 

electrodes for better coupling 

We developed a process that resulted in a good assembly 
yield (~ 70%) with excellent uniformity of coupling over 
cm2, with thickness of glue layer reaching down to 200nm 
of glue

11/26/19
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CCPD Characterization
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Test beam measurement of ams H35 HV-CMOS capacitively coupled pixel sensor 
prototypes with high-resistivity substrate, M. Benoit et al., J. Inst. Vol 13 (2018), 
arXiv:1712.08338

Testbeam results of irradiated ams H18 HV-CMOS pixel sensor 
prototypes, M. Benoit et al., J. Inst. Vol 13 (2018), 
arXiv:1611.02669

Our characterization work demonstrated for the first time: 
• The radiation hardness of the HV-CMOS front-end technology up 

to 5x1015 neq/cm2

• The integration of High-Resistivity substrate in the HV-CMOS 
foundry process 

• The realization of highly uniform CCPD sensors on a large area ( 
2x2cm2)

The success of the CCPD R&D demonstrated that a large area 
CMOS matrix can be realized in HV-CMOS technology. The next 
step towards a fully monolithic detector required us to integrate 
readout electronics and periphery circuitry.

11/26/19

https://arxiv.org/abs/1712.08338
https://arxiv.org/abs/1611.02669
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Low-Cost high pitch interconnect 
technology : ACFs
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Anisotropic Conductive Films (ACF)
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ACF is a technology developed for the LCD Display 
industry to connect drivers to each pixel row. Next step in 
the industry is µLED, which are driven individually and can 
measure as little as 15x15µm2. Medipix and CLIC have 
been working with industry partners to adapt this process 
to pixel sensors 
• Low cost, no lithography involved 
• Wafer processing for pillar (ENIG) can be done in house 

with modest equipment
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FC150 Flip-Chip bonder

$2M investment from ORNL on prober and flip-chip lab
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ACF results 
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Pads can be planarized via Chemical-Mechanical polishing

Inter-pad adhesive provide 
mechanical stability
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Timepix4 ASIC 

• 55 x 55µm2 pixels 

• 448 x 512 pixel matrix, 24.7x 30 mm

• ToT (16 bit counter,~1.5 keV) and ToA(<200 ps) 

• ~3.6Mhz/mm2/s hit rate capability

• ~800e threshold

• 4 side buttable using TSV connections  

https://iopscience.iop.org/article/10.1088/1748-0221/17/01/C01044/pdf

https://iopscience.iop.org/article/10.1088/1748-0221/17/01/C01044/pdf


The Pixelated AC-LGAD 
concept
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Proposal
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we can achieve capacitive coupling and transmit signal with good 
efficiency via a thin adhesive layer 
• No electrode required on the AC-LGAD side, making it a simpler structure 

to manufacture. 
• AC Coupling can be achieved via a combination of thin oxide-adhesive 

layer, ENIG pads from ACF experience
• No complex interconnect method necessary, no lithography
• Multiple ASIC can be tiled on a large area AC-LGAD 

Adhesive
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Capacitive coupling optimization

The coupling strength can be optimized 
for an application via :
• Oxide thickness between ENIG pads 

and implant 
• Adhesive thickness and dielectric 

properties 

Some application with large energy 
deposition might benefit from signal 
attenuation while the coupling can be 
maximized for low energy applications. 

The amount of charge sharing can also be 
optimized via sensor design, by changing 
the collection electrode implant resistivity
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Neutron detection with B10 coated LGADs 

Timepix family chip have been routinely used in neutron detection application 
with Silicon sensors using converter films (B10,LiF,Plastic)

Alpha particles and recoil ions produced by the neutron 
capture deposit large amount of energy in the sensor, 
resulting in large clusters in the matrix 

• A lot of information is available to determine the precise 
position of the interaction

• Charge weighting methods, Machine-learning can be 
used to reach sub pixel resolution, cope with high 
occupancy

• LGAD gain can enhance further the charge spread via 
diffusion and electrostatic repulsion and increase the 
spatial resolution

 

https://aip.scitation.org/doi/pdf/10.1063/1.4862478
https://arxiv.org/abs/1406.7690
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Double sided AC-LGAD hybrid for neutrons
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Capturing both side of interaction offer more information on kinematic
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Neutron detection double sided Timepix simulation

Detailed simulation of the Timepix4 geometry with non-LGAD Silicon sensors show a 
resolution of < 2 µm can be achieved by simple charge weighting

AC-LGAD with enlarged clusters has potential to achieve even better resolution. 
Clustering and hit reconstruction using FPGA/ML/AI possible , in case of high data rate  

https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900219X00042/1-s2.0-S016890021930097X/am.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEPD%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJGMEQCIAtXRTPGwaBjvW0HbYYxEeB3TRyEx21INYGV2CR%2F31rSAiAxBCPoSqe9DUfSu8IP9SdjiXZmfzHirjsCq2%2F8jitopSrMBAgZEAUaDDA1OTAwMzU0Njg2NSIMJMyVuDT9vgdbNqE9KqkE%2BijyuQE4W%2B5CaonOMcH%2BjGIP7TYeAx3F4b4QSJAhGE4frWsDyctTsaWWhroXY%2BAFqmeE9kkhnosa2mkdXtpdiiibHniLeasLaxa%2FoiiIr6%2FjxkZVt3DDSayiSwHu3B4WlYESaDQFlXEUdXftK%2F9S6gl8G9NzOdjqmVLbsyFvaGCjQGNVWHx9BwNpXpaeY6zvSI6n%2BjSrkcikzdCxVya%2FM8krj%2F2TPB25l%2F9oMfpuFnDFjzveMvFI3JPmp7WB8g%2BcesTv%2BMWPXWfcaHPLjevNSkaKHCIocQZCLpjgeB1Y7kutgjKQP%2B6jft4p%2B%2Fuz6yPDKkd6vqdSgxuSgArUDS4MrfROPUdOiabCMvtAu5E7tfKsrDoc4ht6V6vboYPr0KVKxrnt60XGlTbvrNJjXPxpWjXxlQyj5lz1SBHY1hCYV8hX2i58UnrGMOGRpMPw3NbPSvV37FSTqh288ERp9vBsy3sFN5t%2FnY6qK1bpsgQRpwOwsVvxlBnzG2PC33vHDwdxrAHkUcKo5xLAkMNelRVBwjV0%2BNe5gQyLTP2%2FgDyKceseWIlXToBTcw6MKsdLcg1dmRMg%2BkRphY7xlxfLipwqcDWL9DvcY9bYWeYbKgVYxIg%2F%2BeLFIPe%2Byuec7HA%2FHdzrGQRtsrPHeEjeWqX62n1qoqBH9U%2BXGIguP1LMHg6uOevGR4KfrXZeHOEMCaSmqsmHKyI1tf6N8a446HztVcdNH51oaa2gFCHEtDCsxL2cBjqqARYEhUSHdY%2FPNGfCXRa4Akl7L2EULQjN72WRjBxQ%2BL8L5wD2ckqS1IldbVPoJ5m%2BiNFX7vxRU5adzZDbX74XtZRmUPDK8rCI2hE9Oi%2FrpMUWNcne%2FQc1kpVbwLqTyueD%2FWQhLFW4XOLWkUls9yEkcyZaCPYWSI7pN9tCF2vQmctuw1xpNsxzKOx1ykyqN9SFPqf4SYKM3VRGBV5qCyfvVS7kF5JMzpQTdQIy&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20221206T164708Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY4SYYRI6U%2F20221206%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=1a09933af35e46b2d6d14df19f71a28c238596cd1595e1c2f221b4873bdd2822&hash=8205989aadbbd2626b617cbcdc90c8d77f3170fef0a47cec612bdf6a365fff44&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S016890021930097X&tid=pdf-91d0fce9-349c-4c17-bdd4-e4a550140632&sid=2cb1e2c45ce984460e495ab49f97a6b19af0gxrqa&type=client
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SMALLGAD activities ongoing

• Working on subcontract with BNL for fabrication of a wafer 
run with Timepix4 size sensors, both with pixelization and 
without 

• Challenge in realizing LGAD gain layer with good uniformity 
on large area 

• We hope to get sufficient yield for a proof-of-principle 
prototype assembled at BNL using capacitive coupling 

• We had discussion @ CERN with Timepix4 Collaboration to 
participate to next round of Through-Silicon-Vias (TSV) 
processing of the next spin of Timepix4 with IZM in FY25 

• First trial at processing full 300 mm wafers 

• ASIC with TSV have almost no dead area , perfect for tiling 
large area sensors 

• Wirebond-less interface to Timepix4 already demonstrated 
with ACF that could be done with the FC150 at ORNL 

18
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Outlook

• The SMALLGAD Concept derives from past experience in capacitive coupling of pixel 
detector with built-in amplification (gain)

• This concept could greatly simplify the bonding process for AC-LGAD and provide a cost-
effective method to mate ASIC and sensor in application such as TOF detector at EIC and 
beyond. 

• We are aiming at leveraging our involvement in the timepix4 Collaboration to also study 
large area LGAD detectors and simplify integration of the sensor and ASIC

• We are looking for collaborator for simulation, testing and to provide other ASIC that we 
could mate to the detector for testing!

19


	Slide 1: SMALLGAD: Capacitively-coupled AC-LGAD pixel detector for particle detection 
	Slide 2: Outline
	Slide 3: Capacitive coupling of pixelated detectors 
	Slide 4: Capacitively Coupled Pixel Detectors (CCPD) 
	Slide 5: CCPD Assembly Process
	Slide 6: CCPD Characterization
	Slide 7: Low-Cost high pitch interconnect technology : ACFs
	Slide 8: Anisotropic Conductive Films (ACF)
	Slide 9: FC150 Flip-Chip bonder
	Slide 10: ACF results 
	Slide 11: Timepix4 ASIC 
	Slide 12: The Pixelated AC-LGAD concept 
	Slide 13: Proposal
	Slide 14: Capacitive coupling optimization
	Slide 15: Neutron detection with B10 coated LGADs 
	Slide 16: Double sided AC-LGAD hybrid for neutrons
	Slide 17: Neutron detection double sided Timepix simulation
	Slide 18: SMALLGAD activities ongoing
	Slide 19: Outlook

