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* Introduction:
Conventional Photomultiplier tube (PMT)



Photomultiplier Tube (PMT) for High-Energy Particle Detection
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 Our Approach: Membrane enabled imager



Membrane Enabled Imager

Proposed Plan

* Flexible Silicon membrane detector array
wrapped around the scintillator

* Monte-Carlo method algorithm to achieve
super-resolved imaging

» Photonic Crystal structure to realize optical
signal isolation

Approach

 Traditional nanofab process to realize p-i-n
silicon avalanche photodiode (SPAD)

» Using membrane transfer method to transfer
detector array on any unusual substrate

Impact

Ultra compact, flexible X-Ray Imager

SOl based silicon membrane p-i-n diode

3D tomography single photon level sensitivity
Low voltage operation mode

Can be integrated to any mobile systems

Based on fast scintillator
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 What is unique about membrane?



Semiconductor Nanomembranes
release and transfer printing - the general approach
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Multiple-times transfer printing/stacking of
semiconductor nanomembranes

The receiver substrate
Printing twice

The donor substrate

Printing 3 times

Selective printing
(300 um x 200 um SiNM)



Single-crystal Semiconductor Nanomembranes are very flexible







Development of fast flexible electronics over the last 10 years @ UW- Madison
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Nanomembrane based photodetectors

€ Lateral junction based Ge p-i-n photodiode
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* Preliminary results



Membrane-based photodetector (vertical)

Virtual Fab Process

» Tune the doping profile of p-i-n
diode by Athena, Silvaco™

» Device transfer after fab process

» Backside illumination, which means

100% photo sensing area | @ Schematic SPAD Array on flexible substrate
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Membrane-based photodetector (vertical)

Vertlcal D- | N APD 4E-05 7 —— 1 pW Photo Current

Dark State
Carrier generated near the surface, then
accelerated by high electric field 3E-05 -

« P+ region protected by guard ring, to
prevent electric field breakdown
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» Device can be performed in the avalanche
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€ Simulated IV Response of silicon SPAD
sathode.

Impact Gen Rate (/cm3.Sec)
1e17.2

1e13.1

1e11.6

o

€ Analyzed Impact Generation Rate



Membrane-based photodetector (lateral)

Photo absorption rate (/cm3 sec)
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Membrane-based photodetector (lateral)

100 nm Silicon
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« Dark current is suppressed by sheet
resistance, compared to the vertical p-i-n diode
« Membrane surface can be well controlled
by employing ALD layer

« Carrier absorption and multiplication region
overlapped for short wavelength (420 nm)




Photonic crystal design
for easy identification of particle positions

2-D & 3-D Structure Visualization
Point source in air hole Point source in Dielectric

» Apply the nano-fab of Scintillators
to make the Scintillator Photonic Crystal

2-D & 3-D Frequency Contour Figures as comparison...

Top view of 3-D Freq. Cont.
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Photonic-crystal based scintillator

Self Collimation in 2D ZnO PhC
Point source Located in dielectric

* Self collimation is achieved 2D : R
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* Future plan



Task of First Year:

» Develop fabrication process for SPAD.

» Design, fabricate and measure the single device on
rigid substrate.

» Optimization of algorithms for super-resolved X-ray
imaging.

» Finalize the design of photonic-crystal based scintillator.



