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LGAD Arrays

• Granularity is a current limitation for LGADs

• Due to high fields in the multiplication layer the pads 
needs electrical insulation
• Protection structure: Junction Termination Extension (JTE)
• Causes inter pad (IP) gap to 50-150 um, also changes with 

applied bias voltage
• Limits LGAD granularity to mm scale

• However, 50 um pitch (and lower) is required for next 
generation colliders and 4D tracking
• At least some level as the ATLAS new inner tracker (ITK) 

• Several possible solutions are being investigated at 
Cactus Materials, Inc.
• Deep Junction LGADs (Current Phase II-NCE)
• Radiation Hardened AC LGADs
• Trench Isolated LGADs
• Double sided inverted LGADs
• Focal Plane Detector  

Picture Credit: FBK, Trento, Italy



A new approach: Deep Junction
• Granularity limit caused by high field 

near the electrode 
• What if the field is kept low while 

maintaining gain?

• Basic inspiration is that of the 
capacitive field
• Large between plates, but surrounded by 

low field regions beyond the plates

• Use symmetric P-N junction to act as 
an effective capacitor

• Localized high field in junction region 
creates impact ionization

• Bury the P-N junction so that fields are 
low at the surface allowing 
conventional granularity 



A new approach: Deep Junction

• P++ gain layer paired with a N++ 
layer that lowers the field
• Junction is buried ~5 um inside 

the detector

• Tuning of N+ and P+ parameters 
important 
• Low field outside of the electrodes 

while maintaining sufficient gain 

• No need for a JTE

• Different termination of the gain 
layer designed

• DJ-LGAD design studied with 
TCAD Sentaurus 

• Production is ready to deploy at 
Cactus

Termination of the gain layer 



A new approach: Deep Junction

• Prototypes were performed in 
both epitaxy and wafer 
bonding(w2w) approaches:

• Prototypes can fully deplete and 
show gain

• 2x1 arrays were produced and 
show minimal IP gaps
•  



DJ-LGAD: Results



DJ-LGAD: Charge Collection Studies



DJ-LGAD: Laser Studies



DJ-LGAD: Laser Studies



Cactus Materials 
Device

Potential Consumer

OEM Relationships

Application Ecosystems

CMS

Electron-Ion Collider (EIC)

X-ray imaging with 
high frame rate

4D tracking

Medical Imaging (ex. PET)

ATLAS

Nuclear Physics & HEP



Scaling

o Looking to raise fund for scaling:
o $5M for silicon detector production ramp-up – Q4, 2023

o Uses: Working Capital

o Cactus Materials, Inc. secured facility for high volume production 
o Detector production and eliminating supply chain and manufacturing bottleneck in-house 

manufacturing 

o Strategic partnership:
o  Defense contractors; DOE contracts
o  System validation with partners



Customers  
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o Explore contract to provide chips/wafers to DOE 
and other national/research labs around the world

o Other potential defense and commercial customer 
engagement are in progress

 
o Strengthening business development by focusing on 

commercial applications. 
o Distribution model (Thor Labs, Edmund Optics, OSI)
o Direct specific customers require customized products 

Defense 
customer



Conclusions
• DJ-LGAD: a device with deep gain layer

• Avoid high field near the electrodes while 
maintaining gain

• Demonstrated that the deep-junction can be 
fabricated with epitaxial growth and w2w wafer 
bonding
• Shows very good signal/charge uniformity across 

the channels
• Almost no IP-gap is present between pads, small 

cross talk

• Future production will address
• Very large leakage current -> reduce the current to 

level of conventional LGADs
• The gain is lower than conventional LGADs -> 

optimize the doping

• This transformational technology can be used for 
many types of devices 
• Cactus’s Materials Inc. wafer bonding capability can be 

extended to other absorber High-Z materials (III-V 
materials; GaSb, GaAs, InP)



THANK YOU

Cactus Materials, Inc. 

www.cactusmaterials.com 

Rafi Islam. CEO

480-213-4704

Rafiqul.Islam@cactusmaterials.com 
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