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Nowadays available 3D integration technologies allow exploring novel
ways to build new detectors, with expected enhanced performances
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Direct bonding
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Solder bumps
(connection to board,
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3D-SICAD concept INRIERI

3D-SiCAD: a novel position sensitive detector for charged particle vertex
tracking, exploiting modern 3D-integration techniques:

A minimizing the material budget and related multiple scattering effects in
tracking systems requiring a high spatial resolution

A featuring low noise, low power
consumption and suitable
radiation tolerance.

A providing on-chip digital information | \” /
on the position of the coordinate of the \’/
impinging charged particle |
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3D-SICAD concept INFIER!

3D-SICAD: a novel position sensitive detector for charged particle vertex
tracking, exploiting modern 3D-integration techniques:

Each 3D pixel is defined as

a pair of vertically aligned ittt
CMOS avalanche diodes
operated in Geigeimode

pixel electronics

()

0
J
/
%

L& Concept patented by V. Savelievini Aval anche Pixel Sensor and Related Methodso, US Patent.
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3D-SICAD concept INRIERI

3D-SICAD: a novel position sensitive detector for charged particle vertex
tracking, exploiting modern 3D-integration techniques:

An incoming charged
particle produces EHP by
ionization all along its path

The generated EHP are multiplief @i_l%dndbde
by impact ionization in the high ©3

field region of the diode e Gl

¥
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3D-SiCAD concept INFIERI

3D-SICAD: a novel position sensitive detector for charged particle vertex
tracking, exploiting modern 3D-integration techniques:

The passage of the ionizing particlg
translates into two coincident
avalanche current pulses

SPAD “top” Pl ¢

SPAD “bottom™

coincidence

The coincidence is verified
thanks to dedicated electronicg
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3D-SICAD concept INRIERI

—| WHY Geiger-mode avalanche diodes (or SPADs)? I

_—._ Avery thin sensitive region ¢ ‘& is

(e " enough to produce a strong electrical

N signal thanks to a self-sustained
" multiplication process by impact ionization

i suffer of random false counts (dark e i
! cou_nts.)j due to_ random g/_h pairs ol
| generation in the diode sensitive volume H
|

V. Saveliev, AAval anche Pixel €
w! Related Methodso, Us Palt e

—| WHY a coincidence detection between two SPADs? "J

s ‘Coincidence time-window 4f = 70 ns|
A Dark counts between the two devices are 10 o e S
not correlated: rejection of false counts 10° Pttt

\y

10* $a Sn

A Rejection of background photons

10°
detected by one of the two SPADs

t@"‘“y /
(2

10* 4=
@
A Accidental counts might occur because 10’ .\be}/
of the finite time-window Y «equired by 10° ¢ o Pixel active area:
the electronics for the coincidence check: 10" / —ggxgg nm
e 50%50 prm
10-1 / /

Fake Coincidence Rate [Counts/s]

oY ¢ 0¥ Yo 10°
o e e

FCR:Fakeoincidence rate 0,1 a1 10 . CMOS 1000
‘06 afdark count rate of the diode per unit surface essssssmmnnnnnn”
A: diode active area Dark Count Rate density [Counts s um™]
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Characterization: on-plane coincidence s
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3D vertical stacking: flip-chip assembly nyrieg

—I Gold stud bump based assembly I

top die ‘) Die-to-die assembly: not costly
wire-bonding ‘ .
EEEEE - S Gold bumps depositif

#\ Large bump diameter (70 um)

>\ Parasitics and low-degree of integration

“TOP level™

buffier

{7—| }—( vertical interconnection
[«

1
{0

palse shortening

“BOTTOM level”

resulting stack

Institut des
Nanotechnologies
de Lyon UK 520



M. M. Vignetti, F. Calmon, R. Cellier, P. Pittet, L. Quiquerez, G. Pares, A. Savoy-Navarro
“Development of a 3D Silicon Coincidence Avalanche Detector for Charged Particle Tracking in Medical Appl i cati o
IEEE NSS-MIC Nuclear Science Symposium - Medical Imaging Conference, 29 oct. — 6 nov. 2016, Strashourg.

CIME...

3D prototype at CEA-LETI and CIME nanotech ===~

R N11277 <k
~ \\\\.\.‘\ /// nd

-
!

M. Vignetti 2016 IEEE NSS / MIC October 29th i November 5th 2016, Strasbourg i France 15

3D prototype at CEA-LETI and CIME nanotech ~ ™&=®

X-ray tomography of the assembled prototype

Bottom die

A The two dies look perfectly aligned

A The electrical connection cannot be validated because of a shadowing effect in
proximity to the bonding surface due to gold bumps.
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Characterization: DCR evaluation s
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Characterization: on-plane fake coincidences s
Noise evaluation: Fake Coincidence Rate (FCR) via FPGA
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Characterization: 3D prototype fake coincidences ™®
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Ongoing work and perspectives INFIER!

A Optical cross-talk suppression by

interposing an absorber / reflecting A [ i i ]
medium between the 2 sensing levels :

A Testing the device for detection of o W

ionizing particles: " OTETD

o 3D prototype test under a Sr 90 radioactive source (b Tdecay)
@ IPNL (Lyon 1 France)

0 65 MeV proton beam test
@ Lacassagned hos pi tFaance)( Ni c e
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