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3D-SiCAD concept

Nowadays available 3D integration technologies allow exploring novel 

ways to build new detectors, with expected enhanced performances

Courtesy of G. Parèsñ3D technologies for imaging sensorsò, 5th INFIERI Workshop ïCERN ïGeneva (Switzerland) April 2015
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3D-SiCAD concept

+

+

Å minimizing the material budget and related multiple scattering effects in 

tracking systems requiring a high spatial resolution

Å featuring low noise, low power 

consumption and suitable 

radiation tolerance.

Å providing on-chip digital information

on the position of the coordinate of the 

impinging charged particle

3D-SiCAD: a novel position sensitive detector for charged particle vertex 

tracking, exploiting modern 3D-integration techniques:
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Concept patented by V. Saveliev in ñAvalanche Pixel Sensor and Related Methodsò, US Patent. 8,269,181 (2012)

See also: N. DôAscenzo, P.S. Marrocchesi, S. Moon, F. Morsani, L.Ratti, V. Saveliev, A. Savoy Navarro and Q. Xie, ñSilicon Avalanche Pixel Sensor for High 

Precision Trackingò 13th Topical Seminar on Innovative Particle and Radiation Detectors IPRD13

3D-SiCAD concept

Each 3D pixel is defined as 
a pair of vertically aligned 
CMOS avalanche diodes 
operated in Geiger-mode

3D-SICAD: a novel position sensitive detector for charged particle vertex 

tracking, exploiting modern 3D-integration techniques:
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An incoming charged 
particle produces EHP by 

ionization all along its path

3D-SICAD: a novel position sensitive detector for charged particle vertex 

tracking, exploiting modern 3D-integration techniques:

The generated EHP are multiplied 
by impact ionization in the high 

field region of the diode
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Concept patented by V. Saveliev in ñAvalanche Pixel Sensor and Related Methodsò, US Patent. 8,269,181 (2012)
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3D-SiCAD concept
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The coincidence is verified 
thanks to dedicated electronics

3D-SICAD: a novel position sensitive detector for charged particle vertex 

tracking, exploiting modern 3D-integration techniques:

The passage of the ionizing particle 
translates into two coincident 

avalanche current pulses
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ὊὅὙ

3D-SiCAD concept

A very thin sensitive region ( ‘ͯά is 

enough to produce a strong electrical 

signal thanks to a self-sustained 

multiplication process by impact ionization

suffer of random false counts (dark 

counts), due to random e/h pairs 

generation in the diode sensitive volume

WHY Geiger-mode avalanche diodes (or SPADs)?

V. Saveliev, ñAvalanche Pixel Sensor and 

Related Methodsò, US Patent. 8,269,181 (2012)

Å Dark counts between the two devices are 

not correlated: rejection of false counts

Å Rejection of background photons 

detected by one of the two SPADs

Å Accidental counts might occur because 

of the finite time-window Ў◄required by 

the electronics for the coincidence check:

ὊὅὙ ςὈὅὙᴂὃЎὸ

FCR:Fakecoincidence rate
ὈὅὙᴂȡdark count rate of the diode per unit surface

A: diode active area

WHY a coincidence detection between two SPADs? 

standard 

CMOS
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Tape-out: MPW runïAMS HV-CMOS 0,35um

3D pixels cells

2x2 hybrid matrix cells

Test structures 
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Characterization: on-plane coincidence

M. Vignetti 2016 IEEE NSS / MIC October 29th ïNovember 5th  2016, Strasbourg ïFrance 14

Goldstudbumpbasedassembly

ὊὅὙ

3D vertical stacking: flip-chip assembly

Å Die-to-die assembly: not costly

Å Gold bumps deposition ñby handò 

Å Large bump diameter (70 um)

Å Parasitics and low-degree of integration

TOP and BOTTOM levels on the same test-chip

Gold stud bump based assembly
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3D prototype at CEA-LETI and CIME nanotech
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X-ray tomography of the assembled prototype

Bottom dieTop die

Å The two dies look perfectly aligned

Å The electrical connection cannot be validated because of a shadowing effect in 

proximity to the bonding surface due to gold bumps.

3D prototype at CEA-LETI and CIME nanotech
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Characterization: DCR evaluation

ñTopò Cell

@ 25ÁC

35 pixels

Vex ᴻ

ἎἍἠȡdark count rate 
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Noise evaluation: Fake Coincidence Rate (FCR) via FPGA 

Characterization: on-plane fake coincidences

V Experimental data is in agreement 

with the predicted FCR

V NRF ͯ for small coincidence 

time-window
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Characterization: 3D prototype fake coincidences

3D pixels cell

1ph / avalanche carriers

Optical cross-talk between the two sensing levels 

produces correlated coincidence events:

Å Large photon emitting/collecting surface

Å Cross-talk probability on the order of a few %

Å absorber / reflecting medium between the 2 sensing 

levels may suppress optical cross-talk

▬╧

offset

ⱦ╬▫░▪╬
▬╧
▬╧
ⱦ╣ ⱦ║ ⱦ╣ⱦ║Ў◄

optical cross-talk accidental
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ÅOptical cross-talk suppression by 

interposing an absorber / reflecting 

medium between the 2 sensing levels

Å Testing the device for detection of 

ionizing particles: 

o 3D prototype test under a Sr 90 radioactive source (ɓī decay) 

@ IPNL (Lyon ïFrance)

o 65 MeV proton beam test 

@ ñLacassagneò hospital (Nice - France)

Ongoing work and perspectives
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