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> Sensor concept and architecture

> 15t prototype characterization

> Beam Test of 15 prototype at CERN-SPS
> 2" prototype layout

> Possible applications

> Summary and perspectives
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< APIX Rarticle detector concept

UNIVERSITA .
b1 SIENA Basic idea:

o Use of two Geiger-mode avalanche detectors (SPADs) in
coincidence to detect particles

U pyyo®

. Digital read-out

« Reduced Dark Count Rate: DCR = DCR, * DCR, * 2AT
« Timing performances

« Low power consumption

« Low material budget

Particle

particle \ Quenching ‘// detection

ﬁriminators |_|
D L

% V Coincidence

detector |

\ |
Dark counts

Avalanche detector

*N. D’Ascenzo et al., JINST 2014
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<7w APIX demonstrator: Rixel cross-section

UNIVERSITA
pi SIENA particle \
1240
e\h Pixel electronics
e\h
Chip2 e\h
e\ h
Metal —
shields\ <« Solder bump
. e\h
Chip1 e\h
Avalanche detector g\hh Pixel electronics

.

> CMOS process allow integrated electronics (not feasible in
SiPM integrated process)

> Metal shielding to avoid optical cross-talk
> Vertical interconnection by bump bonding

> Two SPAD types: p+/n-well and p-well/n-1so
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<w o APIX Rixel: Bulse shortenin%

UNIVERSITA ,
DI SIENA I
1240 Vbspap  Electrical ; Vertical connection to
High voltage T tests Monostable for top pixel (bump bonding)
bias yan pulse shortening
PROG
A ‘é B * out2
[ EN out
. — ‘ | out1 )—
i Clampin L
ggﬁlslics};:g {“: M1 to Lspv . _l_ SPADs vertical coincidence
Vref Comparator (particle detection)
EN _
-{p a [ w2 J
S 1.8V Hlsistors
Enabl = Long pulses Shrinked pulses
nable y
register Y out1 out1 1 M

3.3 V transistors

we_ [ [ em_ ] 1

out ! i ! ! I i! out []
Real coincidence _J' Yad > >

. .. _/ time time
Accidental coincidence '

Digital circuitry at 1.8V: compact, fast, low-power

Individual pixel enable/disable: M2 disables recharge, AND gate disables output pulses
Pulse shortening: reduces the rate of accidental coincidence

Programmable pulse width: 750 ps, 1.5 ns, 10 ns
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< APIX tOB and bottom Bixels connection

UNIVERSITA
DISIEINA Chip 2 pixel (top)
Chips layout with bonding pads Detector +
Chip1 Chip2 front end ’ ‘
O O O bump bonding O Pul;e _
0 0O O ol 10 a EN shrinking
O 0 o o o 0 0 o o o O > Enable register
o o 0o [u} o o o o
o o (=] =] =] =] o o V . I
- e e e ° - o e o °o ° - i i Q in?(;trl:::c?nnection
0 o o W 0O 0O C o o W 0 Chip 1 pixel (bottom)
D o o o o D D o o u} [u} D
e & @6 @6 e & o @ Detector + H :)_
D o o o =] D D =] [=] o o D front end
o o o o o o o o L
0 o o o o O 0 o o o o 0 Pulse shrinking Coincidence
D o o o o D D o =] o o D deteCtor
=] =] o o o o o =] EN
D o o o o D D o o o o D """ TP Q=" HI ™
O 0O 0 S —D Q _D’D q1oH
O /g O O Enable register P . -
Wire bonding _— 1-bit Memory Output register
Final assembly Bonding
wires . . . .
Chip2 Vertical integration via Bump-
—p chpt ﬂ bonding (IZM)
Package
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APIX Rixel arraz
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Bonding pad

e Sensor array of 16 rows x 48 SPADs
e Pixel size: 50 um x 75 pum

Electronics
Detector
arca
e Total sensor dimensions: 1.2 x 2.4 mm?
Shielded
Unsh1elded pixels w1th different active area detectors

e Different SPAD active areas:
30 — 35 — 40 — 45 micron side

e Some unshielded structures for
testing with light

e Coincidence between SPAD with the

same size and with different sizes
Paolo Brogi - VCI2019 - Vienna, February 20, 2019
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“»  Breakdown Volta%e characterization
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suns VO

Measurements on 5 different chips,
two SPAD types and 196 pixels per chip.

Type 1

150 150 . : Type 2 : :
[ chip 1
[ chip 1 -Chiz 2
B chip 2 : B chip 3
[ Chip 3 B chip 4
100 - -Chgp4 ] 100 | [__Jchip5s| .
> [_Jchips -
= -
o )
= >
3 g
L LC
50 50
17.4 17.6 17.8 18 18.2 18.4 18.6 18.8 21.2 21.4 216 21.8 22 222 22.4 226

VBD [V] VBD [V]
* Very good SPADs uniformity inside the same chip (6 <20 mV)
* Large difference (1V) between different chips for type 1

*L. Pancheri et al. “First prototypes of two-tier avalanche pixel sensors for particle detection”, Nuclear Instruments & Methods in Physics Research A (2016).
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Single chiB Dark Count Rate
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Type 2
1o Type 1 1o Type 2
43x45 um 43x45 um
4040 um 40x40 um Voy = 3.3V
35x35 um VOV =33V . 35x35 um
10° F 30x30 um j 10 30x30 um
14
O 4
S 10
10°
102 1 1 1 1 * L 1 L 1
0 20 40 60 80 100 0 20 40 60 80 100
% Devices % Devices

* Cumulative distributions, combined measurements on 3 chips

* 600 devices for largest size, 72 for smaller ones

* Median DCR = 2.2 kHz for largest cell size of both types

*courtesy of L. Pancheri
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APIX final assemblz Dark Count Rate
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Dark Count Rate for different coincidence time AT: 10 ns, 1.5 ns, 0.75 ns

sUnry,

10° I
——DCR C1
- - =DCR C2
— 10 ns
41— 15ns
10 ——O075ps | .-
I
El o
Q 102 -
- 10
14
]
(&)
c
<
S 100
S 10
‘S
O
102f
= 2
DCRginc = 27 counts/s mm .
10 L | I I | 1 I L I
20 40 60 80 100 120 140 160 180
Pixel

DCRone = DCR, x DCR, x 2AT

*courtesy of L. Pancheri
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Radiation tolerance tests

U NI\S/IEERNS/I\TA Accurate characterization, in terms DCR, of SPAD array tolerance to ionizing and not ionizing
DI

DCR [Hz]

1240

a)

radiation has been performed.

The tests has been operated on 6 APIXFABO chips (180 nm
CMOS technology , similar to type 1 SPADs, 36x40 um?):

* 2 chips were irradiated with X-rays to a maximum dose of 1
Mrad(SiO2). (this slide)

* 4 chips were exposed to neutron fluences up to 10!! 1 MeV
neutron equivalent cm.

A 10 keV, RP-149 X-ray Semi-conductor Irradiation System
from Seifert available at the Physics and Astronomy
Department of the University of Padova (Italy) was used.

2400
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~---@--- 1 Mrad ' .
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‘.-
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'. ........... #
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b)
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8

7

6

1

¥4 before irradiation
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N
1

..... 1

20.5 21 215 22 225 23
Breakdown voltage [V]
1 1 I 1 ]
1 Mrad mean=21.56 V .

std dev=210 mV

22.5 23

&)
N E

21 21.
Breakdown voltage [V]

*L. Ratti et al, IEEE Transactions on Nuclear Science. Vol. 66 Issue 2 pp. 567-574

Paolo Brogi - VCI2019 - Vienna, February 20, 2019

11



ATATg
& @

S

Radiation tolerance tests

v ’f 'ﬁc\?,)
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Coxxh
UNIVERSITA SPTIr :
o1 SIENA * Neutron irradiation took place at Legnaro National Laboratory (5 MeV proton on Be target)
1240 * Neutron spectrum with energy from 0.5 to 3 MeV
8 o[ T T T T T T T T T T Dark count rate at an excess voltage of 2 V normalized to active area
before irradiation _ for two sets of sensors exposed to a) 10!° and b) 10'! 1 MeV neutron
€ . 1071 MeV n eg/em” - 60° C/B0 min ann. equivalent cm2. Before irradiation and after neutron irradiation and
% " 20x20 um? 30 x 30 um? 36 x 40 um? | after 60° C/80 min annealing.
= <€
S 10° Three representative cases of Typel cell response to
W ~ neutron irradiation.
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*L. Ratti et al, IEEE Transactions on Nuclear Science. Vol. 66 Issue 2 pp. 567-574
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<7+ Beam Test lazout (at CERN—SPS:

UNIVERSITA
oiSIENA Scheme of Experimental apparatus on beam line:

1240

Metal box shielding

Mechanical
supports
I””Il"" I””Illlll ””””"l/ ””””” "”’””"I [

’é—’-"’;—_’:—%

i
"= / — ://;’ =— ——-/,__;/;;”

m////////.//m//////./////////"”"”.Illifl il g R

\ }\,Y ), }\ ) \ )
Y \_Y Y
3 x-y strip layers HD strips 2 APIX D strips 2 x.y strip layers
assembly

& Trigger

(scintillators)

Test took place at CERN SPS (H4 beam line) on September 2016
Positrons and ©+ beams at 50, 100, 150, 200 and 300 GeV

2 APIX demonstrator and 14 silicon strip detectors (for tracking)

5 X-Y strip layers with 730 um pitch + 2 X-Y HD layers with 80 um pitch

* Asynchronous APIX reset at | MHz.
* Off-Spill random triggers to measure APIX DCR and strip pedestal

13
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Efﬁciencz for Barticle detection
UNI@ZIEXESITA

o SIENA - Despite some difficulties with tracking (noisy HD strip)

]240 . . . . .
efficiency has been measured in 6 different fiducial regions.
Definition of 6 areas covered by the
reconstructed track impact point (IP) Eff vs Sel. Area
= o
— t -
02— 0-1-2-3-4- o E ; ;
g 3 ) 4 Dist<256  —{-Dist<30c |
C e 4 = . o e
sl % "k —-Dist<35c  —{-Dist.<4.0
| 1
L L
01— |3 i
C 0 e - :
C &k i i i i =
0.05— |1 }i i%:i %E gi i i: *: ii | | | 0.4:_ ...................................................................................................................................................
N R T R E B By
ColEE R R B B B =
0l— 4 ti ii Is ti i ;,;E :E Ii ;E *; R 83 i i s A A
B i SEESRESEE SRS it £ o -
B i8] Nl n Nl i P | OSSN
R SAEINEINE S SR SIESEE SR SNESHESHES 8 _% 1 | | 1 | | |
_005:_‘ | l l | | l 0_1||1101|||1|1||2||||3||||4|||15||||6
078 06 014 002 01 008 00 Diff. Sel. Chip Area

* Measured efficiency 56.2 =5 % (stat+sys)
* Expected (purely geometrical) FF = 52%
* Effective detector efficiency close to 100% (only limited by FF)

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 14
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...... o 25
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selected
via
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APIX imaging

Example of two Regions-Of-Interest separated by ~ 100 um

12 14 45 40 0
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APIX Rixel arraz ‘2nd Brototzge:
UNIVERSITA
DI SIENA 150 nm CMOS technolo

gy
a Fill Factor expected improvement: 52% =2 83%

“Istlayer” chip is 5 mm x 5.4 mm
“2nd Jayer” chip is 5 mm x 6 mm

Both chips delivered, now ready for bonding

Paolo Brogi - VCI2019 - Vienna, February 20, 2019
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< Possible aRBIications of APIX sensors

UNIVERSITA

SN APIX strengths:

- low material budget

- low power

- no cooling

- good timing properties (e.g.: time of flight with ~100 ps resolution)
- 1insensitivity to gamma radiation background

- narrow band acceptance (directionality)

- portability

- easy to configure to the specific application

- operation in real time: B-time resolved studies (very high frame rate)

» Tracking + Minivertexing: use timing to disentangle event pileup (4D detector)
0 however: difficult to operate with fluences above ~ 101 n/cm?

0 radiation tolerant for space-borne applications and intermediate radiation environment
(e.g.: - wearable mini-radiation sensor for astronauts (fly-eye mosaic of APIX sensors
- minivertexing for ILC-like colliders )

» APPLICATIONS in NUCLEAR MEDIiCINE:

0O 1maging probe (P - markers) for radio-guided surgery, prostate cancer screening... etc)

O beam profile monitoring in hadron therapy

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 17
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Examgle of aBBIication :nuclear medicine=

UNIVERSITA
DI SIENA
Intra-operative 3- Probe for Radio-Guided Surgery
State-of-the-art: APIX B- Probe under development :

* scintillator based + PMT (or readout by SiPM ) , high resolution imaging probe + counts/s

* counts per second * insensitivity to gamma radiation background
* no high resolution imaging * low power

* no cooling

* A. Russomando et al. “An Intraoperative  — Detecting Probe For Radio-Guided Surgery
in Tumour Resection” arXiv:1511.02059v1 [physics.med-ph] 6 Nov 2015

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 18
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7w Simulate APIX detection of hidden source

UNIVERSITA

oI SIENA Kinetic energy of electron
1240
hekinv
— Entries 100001
. . Mean  0.9344
GEANT4 simulations: 103 Al RMS  0.5197
e two-tters = W e Geo.Accept hekinvg
e 3- source: 9OY S R Entries 3000
p Not adsorbed in Detected Mean  1.434
source diameter = 1mm ~ Hea|thy tissue RMS 0.3226
el - & in
oo I h=25mm Inside Geom. Acc. hekinvd
0 Entries 2023
Healthy Tissue d=2.5mm 1 - . Mean 1.547
(water) C ;gv ~'_f-_"f;g_;‘1 m;:‘ RMS 0.2774
- B - ,-”«”‘55“3 5
Dimension of APIX (each tier) : B e ..‘/ - 1;“
5mm x 5mm x 0.28mm ~ . M‘:"" g
Detected / Geom. Accept 10
= 67.61% - i
111 | Ll ;j EI L1 1 | I | :I-E;E:T: L | L1 1 | Ll Ii Ll 11
0 0.5 1 1.5 2 2.5 3 3.5 4
Ekin [MeV]
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TriBIe vertical Bixels coincidence

UNIVERSITA : . L.
o SIENA  Possible advantage of triple coincidence

1240

3-Tiers detector concept:

Top:
! ' ! SPAD only

L\ | Middle:
\ SPAD + TSV

| \ Bottom:

SPAD +
electronics )
0

Pixel layout

TRIPLE/DOUBLE coincidence ratio estimate =

3*DCR**At? / 2*DCR?**At = 1.5*DCR*At ~ 10~

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 20
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o 3 Tiers estimated efﬁciencz :Geant4=

UNIVERSITA
DI SIENA Efficiency vs total thickness of first two layers

1240

sUnry,
Upyyv

Efficiency

x¢  ndf 0.04289/6 2* { ndf 0.1434/6

 Total thickness (mm) B8

of Tier1+Tier2:

50+50 0.6
100+100

280+280

Prob 1 Prob 0.9999
yofise! 09976 + 0.01463 yoffset 0995+ 0.01588
const 9972 + 3,342 const 7.14+09122

xofiset 0.1325 + 0.04229 xoffset 0.2261= 0.01581

7% | ndf 009255
0-4 Prob 09632
yoffset (.9967 i 0.02023
const 2682 = 02927

0.2

xoffset 04114 1 0.02296

i
:
o b b b b L L

0.5 1 15 2 25 3 35
Ekin,. [MeV]
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Ongoing analzsis and future Rlans

UNIVERSITA

piSIENA e Current prototype is fully operative

* First beam test of demonstrator successfully accomplished
* First evidence of high-efficient particle detection
* Accurate radiation hardness test has been performed
* First prototype of -probe is under construction
* A new optimized detector prototype 1s now ready for bonding:
> Larger array
> Improved fill factor
> Optimized timing
> Optimized power consumption

 New test beams are needed to better characterize the actual and
the new prototypes

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 23
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Thanks for your attention!
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APIX beam trigger upstream layer

Type 2 12
(Vov=1YV) "

APIX detects test beam Barticles

downstream layer

noisy pixel
disabled (white)

—

Type 1
(Vov=2YV)

'E“

I‘I IIlII III

.'|.|I

3 r. ru 1 '|_I

pixels disabled in the
light unshielded area

Type 1:

= Shallow step junction
* Active thickness ~ 1um

ptinwell
metal shield

I

p-sub

pwell/niso
Type2: s -
= Deep graded junction . . TR
o

= Active thickness ~ 1.5um

p-sub
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7w APIX detects test beam Barticles

UNIVERSITA
DI SIENA APIX hltmap upstream layer
1240 ;
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< APIX detects test beam Barticles

UIEII\S/lEERNS/L\TA APIX random trigger upstream layer
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02 —H | [ =
Type 2 E_. | &l 6 O
v =1y 10FE [l ‘i
ov - 8 :_ . . . . .
Typel 6 = I [v] : .—-
ERREARI Sy “FE. -
ov 4 :- : 7 . I.
2
g = < B
0 |1|I|||||llll.-lll.!-lllnll.l-ll|l.llnII1||I||
0 5 10 15 20 25 30 35 40 B
APIX random trigger downstream layer
= —
Su— N L ..
2 " g " S
Type 2 10— [ e
v =1v £ B o ]
ov 8 — . . =
tper wim o
V =2V 4 [
N e iy
0 llll.lll llll_!I—‘llllll
0 5 10 15 20 25 30 35 40 L

About 3 times less statistics than in the previous hitmaps
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<% APIX Beam Test

UNIVERSITA

"S5 First APIX beam test on September of this year

* Test took place at CERN SPS north area facility (H4 beam line)

* Two prototypes of APIX under test + auxiliary Beam Tracker detector
* Positrons and " beams at 50, 100, 150, 200 and 300 GeV

* Good amount of data taken with different APIX voltage settings

APIX Readout and Control chain: SPAD tvpe 1 bias

Control room :  Experimental hall

Chip Carrier

APIX
Control and Acquisition
Board
(FPGA)

Support Card

LVDS signals
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APIX sensor microgrths

Bottom chip Top chip
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1240
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7w SPADSs single-ﬂhoton timing resolution

UNIVERSITA
D SIENA
Measured on 10 um devices, with blue laser (470 nm), 70 ps FWHM
Type 1: 60 ps FWHM Type 2: 170 ps FWHM
100000 100000
FWHM = 92ps FWHM = 184ps
FW/(M/100) = 1060 ps FW(M/100) = 1170 ps
10000 - 10000
. 1000 - _ 1000
€ =
3 3
“ 100 - “ 100
10 - 10
1 - . . ) 1
o 1 2 3 4

Time [ns] Time [ns]
Same types of SPADs used in APIX pixels

*L. Pancheri, D. Stoppa, “Low-noise Single Photon Avalanche Diodes in 0.15 um CMOS Technology” Proceedings of IEEE ESSDERC.
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o APIX Bixel circuitrx E—

c' *
J\

S
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UNIVE RSITA
DI SIENA
1240
VbsPAD .
Electrical A Overvoltage:
High Voltagf' ST / tests V =V -V
bias H{ OV bSPAD  BD

% ® EN . out ’ Vref - .. K _____ } L8V
e

Quenching Vbg
transistor )—I] I: out
Vref —
— EN I: Chimping Comparator
I] to 1.8 V —>
- time
Enable \ = I J
register Y
3.3 V transistors 1.8 V transistors

* Front-end transistors: 3.3V = Maximum overvoltage 3.3V

* Digital circuitry at 1.8V: compact, fast, low-power

* Individual pixel enable/disable: M2 disables recharge, AND
gate disables output pulses

Paolo Brogi - VCI2019 - Vienna, February 20, 2019 3
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n APIX Rixel: Bulse shortening

S

“fnw\)g

UNIVERSITA ,
DI SIENA .
1240 \VbSPAD Monostable for ' Vertical connection to
T TESL{ pulse shortening top pixel (bump bonding)
PROG
A ‘é B + out2
1 EN out
- [ e
L/
Vt:q_[”: M1 _I_ SPADs vertical coincidence
Vref (particle detection)
EN
~Ip a —ﬂ[Mz
--—
Long pulses Shrinked pulses
out1 ,—| I_I out1 [ B
out2 Out2 B |_|
@ /m out ]
Real coincidence > -
Accidental coincidence time

time

* Pulse shortening: reduces the rate of accidental coincidence
* Programmable pulse width: 750 ps, 1.5 ns, 10 ns

Paolo Brogi - VCI2019 - Vienna, February 20, 2019
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cn APIX Bixel: Data readout architecture

UNIVERSITA
DI SIENA

1240

O‘)

Upyyv

* Each pixel have 1-bit memory

and an output register.
. Top pixel

output * Fast transfer from memory bit
to output register
1-bit . . .
Ly memory * It is possible to acquire and
out2 —D Q read-out data at the same time

out
) S
""" °

Bottom pixel |

Fast parallel read-out of two

output MRES rows at a time
TX
Row output
---------  — D Q to readout
Previous pixel —D
coincidence output CK
Output
register RES
Paolo Brogi - VCI2019 - Vienna, February 20, 2019 3



27x The SPADs Avalanche detectors

UNIVERSITA
oI SIENA . . .
1240 e Two different SPADs architecture in the demonstrator

« Built in standard 150 nm CMOS process

« Avalanche diodes in deep nwell: isolated from substrate

pwell/niso
p+/nwell metal shield
 ——

metal shield

p-sub p-sub

Type 1: Type 2:

> Shallow step junction > Deep graded junction

> Active thickness ~ 1um > Active thickness ~ 1.5pm

*L. Pancheri et al., ]J. Selected Topics Quantum Electron, 2014
Paolo Brogi - VCI2019 - Vienna, February 20, 2019
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nsor arr rtitionin

| NS
,”f.‘/&;*s
Coxxh

UNIVERSITA

o1 SIENA Unshielded Shielded
1240 A
A —~
-
SPAD 0
24 x 8
x
type 1 < -
SPAD 0
24 x 8
x
type 2 < -
.
Array size: 48 x 16 SPAD pairs size combinations
(Chip1 - Chip2)
SPAD active area sizes: A-A A-B
A: 45um
B: 40um B-B A-C
C: 35um C-C A-D
D: 30um .

[ b-D
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<.+ Crosstalk characterization

« DTS
Ko

UNIVERSITA
b SIENA

NP

T -

= Emitter
(fixed)

(scan)

*courtesy of L. Pancheri

m(Crosstalk coefficient

CRm = DCRe - DCRd - 2AT + K - ( DCRe + DCR4)

-2
ol
g -25
Ly
é -3
6 -3.5
-4
5 10 15 20
Column Pixel

Crosstalk map — Type 1, 25um thickness

Crosstalk coefficient (Logm)
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| | | |
10-1 E p+/nwell + 280 pm—
metal shield . 50 IJm 1
© 25 um
8102 b -
O e :
= D p-sub
() I
0 = AN
o S
X107 e Tme
7 e
2 - f‘%.._ o
S _ S
10-4' I:% E
S =5 -
e e e T i T,
| | | |
0 0.2 0.4 0.6 0.8 1.2

*courtesy of L. Pancheri

Distance [mm]
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-source measurements

UNIVERSITA
DI SIENA
20Sr B source — 37kBq at 2mm distance from sensor
10'1 s I T T T T T T T
- | ——No Source
| Source Vix =2V  T=5°C  Dt=0.75ns
T
=102 F
()]}
o
4
()
=
g ~2x1073 counts/pixel s s
8 _3 e\h Pixel electronics
I 10 Chip2 -:
O
shields \ Solder bump
1 0-4 | Avalanche detector Pixel electronics
20 40 60 80 100 120 160 180
Pixel
Count rate ~0.5 counts/s mm?
*courtesy of L. Pancheri 40
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Coincidence detection

UNIVERSITA
b SIENA

" Count rate in coincidence between
two pixels in the same column
Normalized rate: CR

Meas

Type 1

(o0}

—&— Vex 1V
—&— Vex 3V|

\j

(o]
T

(2}

4t Cross-talk

Normalized Coincidence Rate
Normalized Coincidence Rate

Pixel n°®

*courtesy of L. Pancheri

B~

CITTTTIT I o
LITTIT T @

CLIT T T T 1

Type 2

N

o)
LETTTTT I

LLETTIT 1

LT TT 111

\ Cross-talk

Pixel n°

41
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VBsPAD
SPAD Ve Comparator
—
M3

vea [ M2 —

VBD extraction method

ouT
VRer Enable ~
3.5E+04 -
Enable MA1
L Vpgr
3.0E+04 -
) _ 2.5E+04 -
[72]
Q.
S 2.0E+04 -
Vpgp extraction from I-V curves: £
, S 1.5E+04 -
not possible S
1.0E+04 -
Vyp extracted from the dark count 5.0E+03 -
rate vs. voltage curve
0.0E+00 . 2 .
16 16.5 17 17.5 18
Cathode voltage [V]
*1.. Pancheri et al., Proc. IEEE ICMTS, 2014 42
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1240 o

DCR distribution for different fluences before and after beam exposure

, Chip 5 - Type 2
10 T T T T T T T
—DCR 20"
— — - DCR + sigma
— — - DCR - sigma
— DCR Pre
—DCRImr 1
105k fast annealing /‘_
[/
Vi
| .
S
14 /7
8 4l 7
// ] — 3 //
4 /"’4 p
10 P ~ = 4.9/;
e - f’;/ﬂfl
o g
e
,'/ 4/
.
| &
10°F ﬂ/
t,//é‘
4
, 3.0E9 n/cm”"2

50 100

150 200 250 300
Pixel

350

DCR

107

Chip 1 - Type 2
T T T
—DCR20°
— — - DCR + sigma
— — - DCR - sigma /
—— DCRPre o
—— DCRIrr o
fast annealing e -
/ TA
L

3.0E10 n/cm*2

! | | |

50 100

150 200 250 300
Pixel

350

107

DCR

Chip 1 - Type 2

600 (*)

3.0E11 n/cm”2

——DCR20°
— — —DCR + sigma
— — —DCR - sigma
DCR Pre
—DCR Irr

fast annealing

50

| I I I
100 150 200 250
Pixel

| |
300 350

Preliminarz Radiation Test with neutrons

Irradiation at Legnaro National Laboratory (5 MeV proton on Be target) in June 2017
neutron spectrum with energy from 0.5 to 3 MeV

max fluence: 3 x 10! neq /cm?
annealing at room temperature

(*) Saturation
for high DCR
due to dead
time (> 100ns
during rad. test)
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Strengths:

My

* Fine segmentation (tens of microns)

* Digital readout

* Low material budget (sensors can be thinned to a few microns)
* Timing resolution

* Low power consumption and low bias voltages

Weaknesses:

* Limited Radiation tolerance
* Geometric efficiency (due to surface device guard ring and
electronics)

* Cost and accessibility of 3D integration processes
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