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Applications of 3D Silicon Pixel Detectors

= ATLAS IBL 2015
= 25% 3D FEI4 detectors (CNM+FBK sensors)

- S. Grinstein et al.,
ATLAS Forward Proton (AFP) 2016 JINST 12 (2017) CO1086

= CNM sensors, 3D pixel modules produced by IFAE

= CMS-TOTEM PPS 2017

= CNM sensors

= HL-LHC pixel detectors 2024 This talk
= Sensor qualifications 2017-2018 for ATLAS Inner Tracker (ITk) upgrade
* Huge particle density and occupancies
= Reduced pixel size: 50x50 pm? or 25x100 pm?

» Radiation hardness:
= Full 4000 fbt: 2.5e16 n,,/cm? innermost layer

= But FE chip not expected to be so radiation hard
- Baseline requirement: 1.3e16 n.,/cm? (1 replacement of 2 inner layers)

3D promising candidate for innermost layer(s)

Al
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3D Pixel Strategy Barcelona

1. Test IBL/AFP generation
e 230 pum thick, double-sided process, 50x250 um?2 2E FEI4 pixels
* Radiation hardness demonstrated up to ITk fluence (9e15 n,/cm?) B
J. Lange et al., 2016 JINST 11 C11024
2. Develop prototype small-pitch 3D pixels matched to FEI4

» Pixel size 50x50 and 25x100 um?
* Reduced electrode distance — more radiation hard

50x50 C/E FE-14 readout pixel 25x100 D

0250, - A
L0
— e — -

« Double-sided 230 pm CNM run well-studied s o _Se:_co=
2 . small-pitch sensor pixel
* Good performance up to 1.4e16 ny,/cm J. Lange et al., arXiv:1707.01045 soum
(ATLAS ITk baseline scenario, 1 replacement) @ & rool

Bump
pad

) . 50x§) C/E 25x100 D
3- Produce RD53A 3D plxels (On-gomg) D. Vazquez Furelos et al., 2017 JINST 12 C01026
* “Real” 50x50 and 25x100 pm?2

* Exploring up to 3e16 n.,/cm? (full ITk fluence and beyond)
» Recently produced thinner 100-150 um single-sided 3D

50um

IBL/AFP > HL-LHC
Standard FE-14 50x250 pm?, 2E 50x50 pym?, 1E 25x100 pm?3, 2E
250 pm 50 pm
o 100 pm
Al connection n" Jynction E £ I @ I E
o o [Fp]
L,=67 pm ) 0 - ~
@ L,=28 um
p* ohmic Ly=35 um
column
=Fn § 9 21.11.2017, Jorn Lange: 3D Detectors for HL-LHC 3



= |rradiations

5 a
= KIT 23 MeV p: uniform 5e15 and 1e16 n,,/cm? = ‘4-53
o o
= PS IRRAD 23 GeV p: non-uniform 12 or 20 mm beam ‘“an\‘s;t“\\o =
- allows probing a large range of fluences on single pixel device N\a“:«\’e."e o8
\l o
= Reached up to 3el6 n,,/cm? A

= FEI4 chip survived harsh doses beyond specs in many cases! (though not all)

= Many beam tests at CERN SPS H6, 120 GeV pions

Column

Device Irradiations Fluence peak step |Fluence peak total Annealing Beam test
[1e16 n_ /cm?] [1e16 n_./cm?]

7781-W4-C1, 50x50 | PS120mm 2016 15 15 7d@RT Sep 2016
PS3 20mm 2017 1.1 2.6 18d@RT July 2017
PS4 20mm 2017 0.6 3.1 15d@RT Not working

7781-W5-C2, 50x50 KIT 2016 0.5 0.5 8d@RT Nov2016
PS3 20mm 2017 1.0 1.5 18d@RT Not working

7781-W3-C1, 50x50 KIT 2016 0.5 0.5 8d@RT Nov 2016
PS2 12mm 2016 0.7 1.2 15d@RT
PS3 20mm 2017 1.1 2.2 18d@RT July 2017
PS4 20mm 2017 0.6 2.8 15d@RT Oct 2017
PS5 20mm 2017 ~0.5 ~3.3 Just finished 20187

7781-W4-E, 50x50 KIT 2017 1.0 1.0 as irrad. July2017

7d@RT Sep+0Oct 2017
7781-W3-E, 50x50 unirr. Sep 2017

IEME
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Beam Tests and Irradiations

PS1 20 mm FWHM

15 n“ﬁ:m"’]

= This talk: KIT uniform up to 1e16 n,/cm=
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Column

Device Irradiations Fluence peak step |Fluence peak total Annealing Beam test
[1e16 n_ /cm?] [1e16 n_ /cm?]
7781-W4-C1, 50x50 | PS1 20mm 2016 15 15 7d@RT Sep 2016
PS3 20mm 2017 1.1 2.6 18d@RT July 2017
PS4 20mm 2017

| 7781-W5-C2. 50x50 KIT 2016 8d@RT Nov2016 |
| PsS320mm 2017 18d@RT

| 7781-W3-C1,50x50 | KIT2016 | .05 | o5 |  gd@RT | Nov2016 |
PS2 12mm 2016 0.7 1.2 15d@RT
PS3 20mm 2017 1.1 2.2 18d@RT July 2017
PS4 20mm 2017 0.6 2.8 15d@RT Oct 2017
7d@RT Sep+0Oct 2017
7781-W3-E, 50x50 unirr. Sep 2017
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Beam Tests and Irradiations

This talk: PS non-uniform up to 2.5e16 n,,/cm?

PS1 20 mm FWHM

2

o
@
o
c
<
>
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Column

15 M‘;mzl

Device

7781-W4-C1, 50x50

Irradiations

PS1 20mm 2016
PS3 20mm 2017

Fluence peak step

Fluence peak total

Annealing

18d@RT

Beam test

Sep 2016
July 2017

PS4 20mm 2017 0.6 15d@RT Not working
7781-W5-C2, 50x50 KIT 2016 0.5 0.5 8d@RT Nov2016
PS3 20mm 2017 1.0 1.5 18d@RT Not working
7781-W3-C1, 50x50 KIT 2016 0.5 0.5 8d@RT Nov 2016
PS2 12mm 2016 0.7 1.2 15d@RT
| PS320mm2017 | 11 | 22 | 18d@RT | July2017 |
PS4 20mm 2017 0.6 2.8 15d@RT Oct 2017
PS5 20mm 2017 ~0.5 ~3.3 Just finished 20187
7781-W4-E, 50x50 KIT 2017 1.0 1.0 as irrad. July2017
7d@RT Sep+0Oct 2017
7781-W3-E, 50x50 unirr. Sep 2017

IEME=E
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Efficiencies before Irradiation

) o ) = AN R RS Ean s ne sy s ey Charge collection with 3D strips
In-Pixel Efficiency (0° tilt) I | o 20
o - 1 T T T T T T
50x50 1E S . i i i i i i
250 pm £ e 1 I A I I R B R
98 3 -4 T i ! ! ! ! !
Ui t) 1 =18 E | E : |
-1 u(: I TR A
——— oss| I 1 E WY
Hm F__k a } t t t ;
Active area - 1 3 i i i i
T} L ¢ . S SN N I S N i__ = 50x50
1;'_' 05 094L 4 SX01E7IBIWSE O | g | | i e 30x100
iy i s 50x50 1E, 7781-W4-C1,0° | g 14— ! . . ; !
08 — o o25x002€778twWaD0c | & |4 Loi LG Lo ]
1 el 0.921- = 50x250 2€ stand. FE-14,0° | 5 5 | 5 ; 5
II 0;5 - o 50x250 2E stand. FE-I4, 14° 1 12 020 30 40 50 &
i 06 Dg L1 | L1l | L1l | L1l | L1l ‘ L1l | L1l | L1l | Ll | L1 | L1l Voltage [V]
' " 0 2 4 6 810 1214 76 18 20 M. M 30th RD50 Workshop Krakow 2017
60 70 3{:}05”1?‘“1“1?0 VOltage [V] . Manna, Orksnop Krakow
J. Lange et al., 2016 JINST 11 C11024 (plus new data)
Test beam with reference tracks from telescope: select Region of Interest within active region
Previous meas. with non-ideal devices + ad-hoc telescope
New meas. with very good device + EUDET-type telescope (high res.), down to 0 V 50 pm
98% plateau efficiency starting at O V! £
o B
=  Consistent with high charge collection at OV in small-pitch 3D strips ok
=  Thanks to small electrode distance (28-35 um) Ly=35 um

-
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Uniform Irradiation at KIT

5el5, 60V CNM 230 um, p irrad (KIT)

250 pm 51 1 : : : : : : :

gl FEI4 pixel c 50X50 5815 "'""'
o e §D.98 ﬂ_& ;
o [0 ) SRS USROS NSRRI SO oS SO 5. P8 SO SUSO S

AL \ N 50x5® 1e16 50x250 1BL 5e15
i 0.94 i i
== 3 '. 0.92

| | o 05 _ Y _ PRELI M1 NARY

0.88
0.86

0.84
= belb 0.82

. 5&15, 50)(250 2E, 1500e, tilt 0°
© | —s— 5e15, 50x50 1E, 1000e, tilt 0°
i ----a---- be15, 50x50 1E, 1500e, tilt 0°

-~y 5e15, 50xB0 1E, 1000e, tilt 15°
—a=— 1e16, 50x50 1E, 1000e, tilt 0°
| ---=---- 1e16, 50x50 1E, 1500e, tilt 0°

IIIIIII|IIIIIIIIIIIlIII‘IIIIIIIlIIEIII

Iread ff d | I I nepeeee 1016, 50)(50 1E, 10006‘- I|It 15°
= Already 97% efficiency at 40 V and 0° tilt! T T Y L T e et Rt .
o ’ 04 20 40 60 80 100 120 140 160

= Compare to standard IBL/AFP FEI4: 120 V Voltage [V]

o

= Very uniform over pixel (no effect of 3D columns visible)
= Improves to 99% at 15° tilt

= lel6
= Already 97% efficiency at 100 V (80 V) at 0° (15°) tilt!

—'
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Row

PS Non-Uniform Irradiation - Methodology

Profile from

Beam profile monitors: 12-20 mm FWHM

Also made fluence maps by pixelating Al foil

Beam position

From Al foil profile

For first irradiations also in-situ from pixel measurements
(eff., noise, threshold before tuning, TDAC after tuning etc.)

PS2, 7781-W3-C1

Fluence normalization obtained with 20x20 mm=2 Al dosimetry foil

Final fluence maps for analysed data

7781-W4-C1 upto Period PS1 7781-W4-C1 upto Period PS3

Fluence [10'° ne/em?]

y [mm] (row=0 at bottom)

Row

Profile from Al foil PS3

na

-0 -8 -6 -4 -2 0 2

4 6 8 10
x [mm] (col=0 left)

7781-W3-C1 upto Period PS3

300

3
Fluence [10' n,/cm?]

250

200

150

100

40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Column Column Column
==
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PS Non-Uniform lrradiation - Uncertainties

= Introduce variations by +/- 1 mm in beam o, beam centre offset, Al foil offset (both x, y)
= Vary in all combinations

=  Determine maximum deviation from default value (envelope) for all variation combinations
- take as systematic uncertainty (conservative)

= 159% uncertainty at highest fluence, 45% (70%) at lowest fluence for 20 (12) mm beam

DUT Al DUT Al DUT

Default Al foil variation Beam centre varlatlon Beam width variation

a
a

Colurnn

-

LB B e B

Mean Fluence Uncertainty (Max. Deviation)

T 0 = —
i = =
E -] o
0.9_ PSl — symmetrised 1% 09 PSZ — symmetrised T 08H PSS — symmetrised
C ] = i > = =
0.8 N up var. = 8 08 ........ up var. 8 0.8 = e up var 3
0.7 - down var. E é 0.7 - down var, é 0.7 - down var. 3
0.6 = 06 = o6 N
E ] 2 : = = =
0.5 - £ 05/ £ 05
E E— L. s . ]
04 5 04 %:3 04— =
g B ]
03 - 5 o3 S oa3f 7
C - @ C ]
0.2F = § 0.2 e o2t =
F 4 ® @ - 3
r - =1 = C =
0.1 0 0.1 0 0.1
ok [P NP PP PP BT - B 0 M P P L : ...| 5 ot PRI ] PRI PR RS I RPRr SRR -
0 5 10 15 20 25 30 35 8 615 20 25 30 s 0 5 1 15 20 25 30 35
Fluence [10"° n/cm?] = Fluence [10'® nwlcm ] = Fluence [10™ n,g/cm?]
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Efficiency vs. Fluence and V

W4-C1 PS1

W4-C1 PS3

W3-C1 PS3

3D 50x50 pm?, 7781-W4-C1, PS1, 1000 e, 0° tilt

3D 50x50 pm?, 7781-W4-C1, PS3, 1000 e, 0° tilt

3D 50x50 pm?, 7781-W3-C1, PS3, 1000 e, 0° tilt

> I > I ; e e > e o
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Fluence [10'° n,p/cm?] Fluence [10'° ng/cm?] Fluence [10'° ng/cm?]
3D 50x50 pm?, 7781-W4-C1, PS1, 1000 €', 0° tilt 3D 50x50 pm?, 7781-W4-C1, PS3, 1000 e, 0° tilt 3D 50x50 pm?, 7781-W3-C1, PS3, 1000 e, 0° tilt
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Voltage [V] Voltage [V] Voltage [V]
= Efficiency improves with voltage and decreases with fluence
IEME
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Efficiency vs. V Compilation

3D CNM, 50x50 um? 1E, d=230 um, 1.0 ke, 0°
1_III|III!III!III!III!III!III!II

1174 = Fluence uncertainty very high at
- e lowest fluence of non-uniform
device (—50%)

- plot only at (or close to)
highest fluence with ~15%
uncertainty

Efficiency

[®] = 10" n,g/cm® - = Also KIT uniform irradiation

= 0,W3-E - = added

—¥— &= 5, W3-C1 KIT1 - = PS+KIT agree well at 1e16 n,,/cm?

] (0) P
—e— $=10, W4-C1 PS1 98% plateau efficiency

—+— ®=14, W4-C1 PS1__] reached even after
= 2.5e16 n_,/cm?2
®=20, W3-C1PS3 q

—— =25, W4-C1 PS3 E

0 20 40 60 80 100 120 140 160 180 200 220

0.8
Voltage [V]
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Operation Voltage vs. Fluence

Different 3D Geometries, d=230 um, 0° tilt

Vore, [V]

180 B T T = Take Vg, as estimate of
-  IBL/AFP . 97%
160 | PRELIMINARY operation voltage
HE o | N = Highly improved operation
140 15" A _______________________________ F T S - voltage for 50x50 pm? 3D
120 o4 s Y = S R - compared to IBL/AFP

| - generation
100 — ...................... Ej:_.._.@___@:'.:j.; ............... ....................................... e .. —
/- 50x250 2E, KIT, CNM34
80 — ,.' ........................................ S Fh--- 50x250 2E, PS, CNM-NU-1
- T & 50x250 2E, PS, CNM-NU-2
60 _] ......................................... S— 50x50 1E, KIT, 7781-W3-C1
- 9 50x50 1E, KIT, 7781-W5-C2
:_ ......................................... S 50x50 1E, KIT, 7781-W4-E
- R &+ 50x50 1E, PS1, 7781-W4-C1
20 __ .................. - . 50x50 1E, PS3, 7781-W4-C1
E | - 1.0ke’  —m— 50x501E, PS3, 7781-W3-C1

| | | | | | | | | | | | | | | | | | | | | | | | | | |
00 5 10 15 20 25 30

Fluence [10'° n,/cm?]

= At ITk baseline fluence of
1.3e16 ny,/cm= only 100 V
needed

= Thin planar needs >=500 V
N. Savic et al., 28th RD50 Workshop,
Torino, Italy, 6-8 June 2016

40

Even at 2.5e16 n,,/cm=:
V97o/0 < 150 V

ol b b b

[ [ |
=y
1
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IV and Power Dissipation

CNM 230 um, p irrad (KIT), -25 C, 1 week@RT anneal. =  From one pixel device only extractable for uniform irrad. (KIT)

5,3503_ = At fixed V, 50x50 um=2 has higher I, but same at Vg,
c -
E 300i ,,,,,,,,,,,,, . . . .
STL = Power dissipation improves due to lower Vg,
9 250 : , .
g F = For non-uniform PS irradiation PS, Vg, from test beam
@© - . . . . . . .
G 2001~ efficiency combined with n-irradiated 3D strip IV
150 | =  Low power dissipation
100 —— 5e15, 50x250 2E > >
g 5015, 50x50 1E = 8 (13) mW/cm?2 at 1.0e16 (1.4e16) n.,/cm
SOt | —~— 5e15, 50x50 1E_2 . .
i | | | Sete soxs0 1E = Considerably lower than for planar devices and IBL 3D gen.
D0 — '5'0‘ — ‘160' — ‘150' = '260‘ — ‘2‘50' I '3E|)C Different 3D Geom., d=230 um, 0°, -25°C, 1 week@RT anneal.
Voltage M & 20 [T T f 1 1 | LI i LI B R B B B | L—— | L | L L'
CNM 230 um, p ifrad (KIT), -25 C, 1 week@RT anneal. E 18f. * 50x250 2E, KIT ’ - b
N ] Q
€ 2F+ 5elb, 50x250 2E T ef " Sx2B02EPS 4 =
s '8 5e15, 50x50 1E = F 50x50 1E,KIT 1 =
= 168 5e15, 50x50 1E_2 S ™I - soxs0 1EPS 1 .
g F ; ; ; a - ] o
@2 a 0 g S
t 10 - = ] ~
g ()] 8__ .............................................................................................................................. __ o
T S . L % C ] S
ESelS ) NVggepa™ b BBL 1 =
- - i ] c
A BEOXBEO) 7 et - P e ] »
oF 2 ¢ - 2
> B , , , - 50x50 : ] =
(] P92=- i ST RS T R SIS S RS 0 Ly ) 1 P TR BRI B | o
0"\ 50 100 150 200 250 300 0 2 4 6 8 10 12 14 2
97% Voltage [V] Fluence [10"° n,//em?] =

n ==
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New CNM 3D Runs I: Thin small-pitch FEI4

: SOl | bt = Thin 3D run with small-pitch FEI4 prototypes just finished
5i0; 1 1 . .
. N % ; = 100 and 150 pm single-sided on SOI
g _ ‘ {p+ i Highe =  Probing on-going, various quality classes
= —E e = UBM-+flip-chipping to be done in-house by CNM + IFAE
' : Wafer2_A
i "‘ E Low p 10
E ‘Wet etching process E E g r
10° E :
o ] e
§10 2_ 4 J :g;:g::
§ = ’ /4 43}2:{
g0’ o
s
10°) B
= 11.dat
, 150 um o
107 : - 14.dat
_____ E. il b bl g daaadlat iy |=15dat
. 1-X FE-14 standard (50x125um?) 0 20 40 60O ggver;g%ia;[%ﬂ 140 160 180 200
. 2-X FE-14 50x50um?
. 3-X FE-14 50x50um? part of the pixel shorted
. 4-X FE-14 25x50um? part of the pixel shorted
. 5-x Diodes 25x50um?
. 6-x Diodes 50x50um?
""" . 7-x Diodes 50x125um?
""" . 8-x CMS PSI 50x50um?
. 9-X Fermilab chip 30x50um?
. 10-X strips 50x50, 25x50, 50x125um?
. A-X 50x50um?, (64x64)
. B-X 25x50um?, (64x64)
e C-X 50x50um?, (64x64)
=FA§ g 21.11.2017, Jorn Lange: 3D Detectors for HL-LHC 15



New CNM 3D Runs 11: RD53A

SOl
5i0;
8 = &
: . e,

Highp

Lowp
2 o

Runs with RD53A 3D pixel devices
= Single-sided 72, 100+150 um on SOI
Double-sided 200 pum

Devices
14 RD53A 50x50 um2 1E
4 RD53A 25x100 pm=2 (2x 1E, 2x 2E)
1 FEI4 50x50 um=2 1E (equivalent to 7781 C)
Pad diodes of 50x50 pm=2 and 25x100 um=2

= Production on-going - expected for end of year
= UBM + flip-chip to be done in-house by CNM + IFAE

— sensors expected on time for arrival of RD53A

[ <]
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Conclusions and Outlook

=  Studied 230 um CNM 3D production with small pixel size up to unprecedented
fluences of 3e16 n,,/cm= beyond full ITk fluences

= First time pixel devices irradiated to such high fluences (and survived) 50x50 pm=

= Highly reduced operational voltage and power dissipation wrt.
IBL/AFP generation and planar after irradiation
= 98% efficiency at 0 V before irradiation

= 97% efficiency at 100 V and 13 mW/cm= for 1.4e16 n.,/cm?
-> safe operation at ITk baseline fluence (1 replacement)

= 97% efficiency reached at <150 V after 2.5e16 n,,/cm?2
= No indication that limit has been reached...

= Single-sided thin (72-150 um) 3D productions under way at CNM

= Also with RD53A-chip geometry in addition to FEI4 prototypes
- expected to have even better performance with new optimised readout chip

Unprecedented radiation hardness of 3D pixel detectors demonstrated

=FA :'3 21.11.2017, Jorn Lange: 3D Detectors for HL-LHC 17
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3D Detector Principle

n-active edge

Planar Technology 3D Technology

3 1EE
bylg “E
Iz a | Fegbs A
? i
3 ::E
g v ‘h v

C. Da Via et al., NIM A 694 (2012) 321 A

Radiation-hard and active/slim-edge technology

Advantages

Electrode distance decoupled from
sensitive detector thickness
- lower Vdepletion

- less power dissipation, cooling

- smaller drift distance
- faster charge collection
- less trapping

Active or slim edges are natural
feature of 3D technology

Challenges

Complex production process
- long production time

- lower yields

- higher costs

Higher capacitance
-> higher noise

Non-uniform response from
3D columns and low-field regions
- small efficiency loss at 0°

[ <]
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Different 3D Technologies

* Double sided (available at CNM)
* |IBL/AFP-proven technology

* No handling wafers needed
- thickness limited to 2200 pm and wafers to 4”

» 3D columns ~8 um diameter

e Single sided (available at FBK, SINTEF, CNM)

* On handling wafer (SOI or Si-Si bonding)
- 6” possible (FBK, SINTEF)

 Active thickness range 50-150 pum being explored
e Narrow 3D columns ~5 um possible

y Dicing line to remove
| suppart structure

5i0;

oxide [l metal B passivation

pSi M ppoly-Si M n' poly-Si

Double-sided

G. Pellegrini, CNM

p- HR Si

1|11

p++ LR Si
SI-SI bonding M. Boscardin, FBK

L p'Si

g B & :
g E - ._c ép+ E High p
) | Lowe
Wet etching process E
SOl G. Pellegrini, CNM
-
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First Small-Pixel CNM Run for HL-LHC
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D. Vazquez Furelos et al., 2017 JINST 12 C01026
J. Lange et al., 2016 JINST 11 C11024

Run 7781 finished in Dec 2015 (RD50 project)

5x 4” wafers, p-type, 230 um double-sided, non-

fully-passing-through columns (a la IBL)

Increased aspect ratio 26:1 (column diameter 8 um)

First time small pixel size 25x100+ 50x50 pum=2

(folded into FEI4 and FEI3 geometries)

Also strips and diodes down to 25x25 um=2 3D unit cell
50x50 C/E

Bump

50um

50x50 C/E

FE-14 readout pixel

i
i

Ileidieidieie e

25x100 D

AERRRE
L4

N

& & & 0

100um

(RN RRRRR R RRR RN

Bump

25um

col.

25x100 D
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Leakage current (uA)

MPV Collected Charge [ke]

Sample Characterisations

Pixel 1V
40| o 3 oo R Frr
—o— 4-D (25x100pm? 2E) J Ef /
—a— 4-C1 (50x50pm?)
20| = 5.B (25x100um? 1E)
—u— 8-C1 (50x50um?) //?
00| 2 3 oot no i F* / }/ Jg
80f
Ry
I ﬁ”{
40: e ;
203 sesest ::;.,r"‘f
O : V-“"f .‘¢¥S
00 10T T T I20I L L ISOI L L I40I L L I50I L
Reverse bias voltage (V)
Strips charge collection (unirr.)
20 ! ! ! ! ! !
i i i i i |
18 || i i i i i
i i i ! ® P9
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HEEEEEEPN AN
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!___;_____ ~ ‘;"“"“‘é!)\,é)@"i“ m 50x50 |
i ] < i e 30x100
A i e I
N ]
=25 Y S St B S
22— ———20 3020 350 ©
Voltage [V]

Pixel
Geom.

25x100 2E

50x50 1E

Clel. Clpixel
[fF1 (*) | [fF] ()
37 37

(*) from pad diodes

D. Vazquez Furelos et al.,
2017 JINST 12 C01026

Strips laser scan
25x100 um=2, 1lel6, 150 V

Noise
[e]
160

105-140

¥ axis [Lumi]

L. Simon

e

o

L
\ ot ki P

i 4 i 4
¢

Q [a.u.:!

0.8

Pixel devices bump-bonded and
assembled at IFAE

IVs

= Improved in new productions after

CNM process optimization
S. Grinstein et al., JINST 12 (2017) C01086

C <100 fF/pixel (within RD53 limit)

Noise 100-160 e similar to
standard 3D FEIl4s

Sr90 source scans on pixels
Similar charge as in standard FEI4s
Sr90 and laser scans on strips

17 ke charge as expected for both
50x50 um2 and 30x100 pm?2 (unirr.)

Almost full charge even at 0-2 V
- low Vg, due to low L

Uniform even after 1e16 ny,/cm2

Measurements up to 2e16 n,,/cm?2 in
progress

nE
L1 N

n =) B} i
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Efficiency before Irradiation

In-Pixel Efficiency (0° tilt)

= Select ROI within active region
-50x50 1E (C)

250 - avoid inactive area + telescope smearing
l _ Hulnglpds = Efficiency in ROI
Sllefle
5V o = 97% already from 1V at 0°: very early depleted
Active area due to small electrode distance
50 1
o !EQZS = Improvable by tilting: avoids hitting only low-
3 - oss efficiency regions
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State of the Art: IBL/AFP Generation

= 230 um thick sensors by CNM and FBK (double-sided)
= FEI4s: 50x250 pm=2 2E, 67 um inter-el. distance
= Radiation hardness up to 5e15 n,,/cm? established (IBL)

= Explored limits further with irradiations up to HL-LHC fluences

ped 8uiqoad

Sury pseng

= At 9.4el5 n,/cm?: 97.8% efficiency at 170 V! T R
G - e %)
= Power dissipation 15 mW/cm? at 1e16 neq/cmz and -25°C e ﬁ
-» Good performance at HL-LHC fluences even for existing 3D generation i@
) &
J. Lange et al., 2016 JINST 11 C11024 + n@) w
p-irradiated FEI4, 0° tilt
> 1= l L == R
= B SR L i i o . .
................ Standard FE-I4 50x250 pm2, 2E
S ogsfF T AT . Hm
i = 250 um
0.9
- @
= - n* junction
0.85¢ Al connection column £
r =
= o
% =67 pm 2
0.75— .
- [#] =10 n,/cm? p* ohmic
0.7 —@=2 -® CNM-NU-1 column
- —®-5 - CNM-NU-2
0.65F ®=7 k- CNM34 5e15
o y —®=9
C 1 ! 1 Il L 1 ‘ 74 1 1 ] Il 1 1 I 1 1 1 ‘ 1 1 1 | 1 1
08060 80 100 120 140 160
Voltage [V]
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