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AIDA About AIDAInnova

InNnNova

* AIDAInnova’s goal is to enable technology advances mainly for particle physics
(upgrades of research infrastructures)

* European Commission co-founded project through H2020 program (2021-2025)

* Project involves 8 industrial companies, 3 RTOs and 34 academic institutions in 15
countries, with main target of common detector projects

* Several Work Packages... one dedicated to DMAPS
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eneal Approach

* Two basic approaches to Depleted Monolithic Active Pixel Sensors (DMAPS)
a) Large charge collecting electrode, with electronics inside n-well
b) Small electrode with the electronics separated

charge signal

charge signal

f/‘

S)

p-substrate \e p-substrate

Within the structure of the AIDAInnova effort (WP5)
a) Large electrode mostly targets radiation hardness
b) Small electrode primarily aims to high granularity lower noise and power

* Categories are only an approximation: large electrode efforts try to reduce pixel
sizes while small electrode approach also targets large depletion regions

The objective of the WP5 is to design, fabricate and test (before and after
irradiation) DMAPS on both these lines



Activities and

Submissions

Past and future submissions that will be, or have been, partially supported by AIDAinnova
(several activities are mostly supported by other funds). These are core of WP5 activities.

Submission Process

LF-Monopix 2 LF 150 nm

RD50-MPW

314 LF 150 nm

CACTUS LF 150 nm

TJ-Monopix 2 TJ 180 nm

MALTA 2/3 TJ 180 nm
ARCADIA LF 110 nm
TJ 65 nm TJ 65 nm

Time-scale  Target

v2 produced rad. hard

vd in 0.5-1.0 rad. hard, high
yr granularity

mini-CACTUS . .
vZ submitted LT

v2 produced  high granularity

v3 in ~0.5yr high granularity

next version
~0.5yr

2nd iteration
just submitted

high granularity

high granularity

Main Institute Comment

Bonn/CPPM
Liverpool
CEA

Bonn

CERN

INFN

IPHC

Follow from
ATLAS R&D

R&D

LHC upgrade
& beyond

Belle Il, follow
up by Obelix

LHC upgrade
& beyond

Demonstrator

R&D, ALICE

Note:
TJ: Tower
LF: LFoundry

* All activities produced device/prototype during the first phase of the project

®* Some lines/sub-projects more advanced than others
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LF-Monopix 2

ectrode, radiation hardness

* Successor of LF-Monopix-1
* LFoundry 150 nm
* Column drain RO architecture

* 2 kOhm.cm, thinning & back-side
processing pweLL [JNMERE ENEL-L

DEEP PWELL

* Explored in-pixel circuit flavors

VERY DEEP NWELL

* Beam tests confirmed excellent
efficiency before irradiation

Efficiency map of the full matrix

s P SUBSTRATE

87.5

8000

ekl A cross section of the pixel layout. Deep n-

75.0

e = implant forms the charge collection electrode.
2000 - &% 62.5
E T
a2 04 EL 50.0
¢ 5 ix2 Ti
—~2000 - = — LF-Monopix2 Time-Walk (M1-4)
§,w In-time hits: 99.31%
=4000 1

12,5

Ll N J * Devices irradiated and
tested with beam

~8000 o -

- —_—— T 0.0 5000
-6000 -4000 -2000 0 2000 4000 6000
column [pm)])

Dingfelder J., et al., NIMA 1034 (2022) 166747

Counts




AIDA LF-Monopix 2

INNoVva lectrode, radiation hardness

Comparison of different CSA Architectures of LF-Monopix2

* Irradiated to 1E15 neg/cm2 @ Bonn Lk *
Cyclotron el * ) t 4
* Test-beam characterization followed _ }

* Very high eff in-time (>99%)
* no efficiency degradation with

Efficiency /%
#
LA

respect to non-irradiated 0T § Unimecuind G, 4V
. #  1elS negicm® [2ke—, 150V
* Operation threshold ~2000 e - P
. . & nirradiated [2ke-, GOY]
* Plan to study higher fluencies A 1015 neqjem’ [2ka-, 150V
(2E15 neq/cm2) 100,000 e CSA 1-1 C5A 12 CSA1-3/4 CSA2 CSA 3
Shitae I. Caicedo-Sierra, L. Schall et al. See also Dingfelder J., et al.,
In-pixel efficiency NIMA 1034 (2022) 166747
100 .L__,,..__T-_;'.'_..{._'__..'_-..:.;._;_..5,._.. '
R L T Outer Layer
= m-l-*--j--.lﬂh-- -i-:-i“--.r--**!i 97.500
E i o E Lot . Occupancy 1MHz/mm?2
M e ke o T Time Res. 25 ns
column [pm) 95,625 NlEL 1015 "Eq/cmz
Compatible with outer layers of TID 80 Mrad

the HL-LHC pixel trackers Area 0(10m?)



RD50-MPW2/3

ode, radiation hardness

* RD50-MPW2: small prototype with
several test structures

* On LF 150nm, 10-3k Ohm.cm
* Main matrix pixels: 60 x 60 pm?

TOT, 800MeV, Row: 3 Col: 4, TDAC:11, Swi. Reset

* In pixel CSA + discriminator, analog S
readout Charge g
o _ collection )
* Initial beam tests (UK & Austria) of MPW?2 S
- - - 1 V'
* Results indicated expected results in devices g
terms of charge collection %
* RD50-MP3: fabricated LV curve of RDSO-MPW3 w 0o g
. . W5(1.9k)_sub&NWRING&pixel -
* add digital readout (column drain) |7 e ey / " /( s
* IVshows Vbd ~ 150V .z Foil ] s
* High noise, studies on-going .- i | *a T Pixel on row 63,
o il ENC: 2029 e
. . 4 ] ‘ __ FromRDSO-CMOSmeeting |~ —— = ) B i e
Next RD50-MPW4: with backside BEIE T B J A
processing to improve radiation hardness T o



CACTUS

lectrodes for Timing

* Target is monolithic device that can
provide ~50 ps timing resolution

* LFoundry 150 nm, thinned to 100-200 um

* Large (~1x1 mm?) passive pixels with FE
at column level

* Mini-CACTUS

* Small prototype to address limitations ;
of CACTUS (low S/N) A

= i
SEEEESSENSSmomEenESmanooY

~ % k5

Layout of MiniCACTUS chip

* Implements different pixel flavors

* Improved front-end: better
discriminator, etc 50

Y. Dangleri et al., https://doi.org/10.1016/j.nima.2022.167022

correction

i ] o i h_DIMINIMCPMT
* Tested with beam (before irradiation) -_ e oo
. . % Std D 96.44
* Achieved ~ 65 ps resolution : Find  195.4/01
200 o Constant 247 .4+i 5.0
* Second iteration of mini-cactus —_— Sgma 653209
Preliminary
. . 150—
* Implement different amplifiers types :
100/ After time-walk
[

Ll | | I |
1500 20

[ O TR |

Ll | btk Loal
-500 0 500 1000

9

o
L=
ot
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https://doi.org/10.1016/j.nima.2022.167022

AIDA TJ-Monopix 2

INNOoVvVa lectrode, High granularity

Successor of TJ-Monopix-1, based on
ALPIDE (ALICE ITS upgrade)

Tower 180 nm, various sensing
thicknesses (Cz-bulk, epi)

Column drain RO architecture C. Bespin et al., NIMA 040 (2022) 167189

Pixel size: 33x33 um?
% Chip size: 2x2 cm?

* Implements four FE types R
* Cascode transistor to reduce threshold =~ | ?
dispersion Threshold
_ 60001 - = ~distribution g
* Improved achievable threshold wrt $ g
previous iteration E 5t o
MNoise distribution for enabled pixels 3
Fit results 3
o 2000 A
12004 %
1000 A . 1
E ¢ 50 100 1%0 260 2.;:0 360

800 -
Threshold /e~

600 4

400 4

Clear noise reduction with respect to TJ-M1,
which had ~30 e noise level.

: _

200 4




TJ-Monopix 2

lectrode, High granularity

* About 9 um position resolution
(<cluster size> ~ 2, Cz)

* Excellent efficiency before irradiation
* Testing of irradiated sensors on-

- Pixel size: 33x33 um?
\\\ Chip size: 2x2 cm?

going C. Bespin et al., NIMA 040 (2022) 167189
Local X residuals for DUT CZ gap in n—Iayer: 9979 %

- Entries: 568014 T 100.00
Res.: 8.6 um — RMS=10.7 [um] i ;] ;

4000091Cz ngap A0 <07 Efficiency : 2B
u=0.8=0.0 [um] ) |

0=8.6%0.0 [um] 50 : 97.50
30000 - |

40 1 : 96.25
- T I

I P +-————————- . 95.00
20000 Z 30 :

: 93.75
20 1 :

10000 i 92.50
[

16 i 91.25
£ 75 =50 - ' ' )

‘ ) 10 20 30 40 50 60 ot

column [pm]
Basis of OBELIX, prototype
for Belle-lIl VXD upgrade



.Al DA | MALTA 2

innova anularity, rad hardness

* Follows previous MALTA prototypes

 Oriainal 2 | pe - .il.L Pixels:
Original target ATLAS ITk outer layer " i\i - 36.4 X 36.4 um?2
* Tower 180 nm with process B \ .,
. . . ) 5 = R -wmmmmmﬂ (™ e
modification to improve E field sl | (ke
RT1 s 4
* Fast asynchronous readout (low power) : k \\\‘
. - . Rkt ‘A‘
* Different flavors in 2 substrates (epi, CZ) S
. Modified process with extra deep p-well (XDPW).
[} I rrad I ated u p to 3 E 15 n eqlc m 2 Improved charge collection in the pixel edges.
B ) LeBlanc M., et al., NIMA 1041 (2022) 167390
é E —I—MALT.hDua E 500 400 E
c I MALTAZ Data B60. B
E 107 » 450 v
E 250
{g 102 400 200
% : 150
E 350 100
=
107k 50
300
0 100 200 300 400 500 0
MALTA2 Cz NGAP intermediate doping PixX
L R " - - e L S 300 um thick 2x10%* n/cm?IDB: 120, ITHR=20

Noise [&]

Improved noise wrt previous version and excellent threshold uniformity achieved




MALTA 2
hularity, rad hardness

* Excellent results from beam tests after
3E15 neg/cm?2

* Efficiency (>95%)

T e
Il

b o el ,WM e
| L |

- - c- 2
* In-time (>95% in 25ns) ol it .
* Dual and quad modules fabricated (with
MALTA]_) LeBlanc M., et al., NIMA 1041 (2022) 167390
'BE' 1 00 i ' & :: ; e MALTA2 CZ, very high doping, 3E15
= - - MALTA2 o.oaz— ST 1Mev ng/cm?, back-metallization
8 B 7 £ P r i RMS: 6.3 ns
& 951 —  CZ Irradiated Samples [1 MeV naqlcm | 0.025(- PN T
g B | r . ] collected within 25 ns
LU ~ =] ®  1E15, Fiducial Area, Conductive Glue 002 . . <40% collected within 10 ns
90— — : '
B 7 B 2E15, Fiducial Area, Conductive Glue 0.015F
85 = _: [ 2E15, Full Chip, Backside Metallization 0-015— )
i A 3E15, Full Chip, Backside Metallization o.oosf— %
80 - A 3E15, Fiducial Area, Regular Backside i T TEUTET N, TONeey
o 1= i s 153!‘“8 SiI"IO.ISGE”\ [ns]
i ¥  3E15, Fiducial Area. Regular Backisde
Pl ~=h

10 20 30 40 50
SUB[V]

Full reticle MALTA3 design advanced,

submission targeted for 2023

DATA 0 MERGER M|

{8 | DATA 1 MERGER DA
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ARCADIA
High granularity

* Targets very low power, small pixel
* LFoundry 110 nm, largely founded by INFN
* Backside process, 50-500 um thick
* Triggerless binary readout
* First demonstrator fabricated
* 100 and 200 pm thick
* Chip communication,injection, etc
* Initial tests w/ radiation sources and cosmic rays
* Higher power due to bug
MD2 already submitted and being characterized
Plan for next submission
* System-grade main demonstrator chip
* Gain layer being added for improved timing

M. Rolo (INFN) VCI2022
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65 nm

High granularity

65 nm test structures and simple chips

EEEEE i CERN
s DPTS /)
32 X 32 pixels

* Explore smaller size tech: Tower 65 hm

* Targets excellent position resolution, low
mass, high rate, >1E15 neg/cm2

* 1% submission in July 2021 (MLR1)
* Several test blocks included
* Digital pixel test structure
* Lab and beam tested
* Excellent efficiency

15 um pitch
Asynchronous digital readout
ToT information

idl S. et al,NIMA 1040 (2022) 167213

* Second submission -
* Small prototypes (evolution of 3~ e
versions on MLR1) . Tl g
* Two large stitched sensors 5 ® o i
* 25 cm long, stitching Y e
* Submitted Dec 2022 R ERSATS w2 5 (4 1010y +10% eV e
) PR Mstkmesvp it | .., @ Room Temperaturg

75 100 125 150 175 200 225 250 275 300 325 350

Very encouraging results on 65 nm Threshold (via Veas) (e°)



Summary

* In the context of AIDAInnova, many institutions are collaborating in
common DMAPS projects, mostly R&D, but some focused on
applications

* See https:.//aidainnova.web.cern.ch/wp5
* Effort focused on two main lines and two foundries (LF and TJ)

* Intense effort, not detailed here, DAQ development, irradiation and test-
beam efforts, etc

* All research lines with devices to characterize
* High granularity, radiation hardness and timing
* Overlap with TaichuPix effort (also in TJ)

* Specially interesting for CEPC could be activities towards 65 nm and
timing with DMAPS
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Group Contacts

Contact person per institution:
Carlos Solans <carlos.solans@cern.ch> — CERN

Eva Vilella Figueras <vilella@hep.ph.liv.ac.uk> — Liverpool

Jerome Baudot <jerome.baudot@iphc.cnrs.fr> — IPHC

Thomas Bergauer <Thomas.Bergauer@cern.ch> - HEPHY

Francesco Forti <Francesco.Forti@pi.infn.it> — Pisa

Marlon Barbero <barbero@cppm.in2p3.fr> - CPPM

Daniela Bortoletto <Daniela.Bortoletto@physics.ox.ac.uk> — Oxford
SCHWEMLING Philippe <Philippe.Schwemling@cea.fr> - IRFU
"C. Marinas" <cmarinas@ific.uv.es> — IFIC

Manuel Dionisio da Rocha Rolo <darochar@to.infn.it> — Torino

Attilio Andreazza <attilio.andreazza@mi.infn.it> — Milano

Valerio Re <valerio.re@unibg.it> — Pavia

F. Hligging <huegging@physik.uni-bonn.de> — Bonn Thanks to all for providing
input for this talk.

S. Grinstein <sgrinstein@ifae.es> — Barcelona

17 January 2023
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Governing Board Scientific Industrial Advisory
Governing board chair — Felix Sefkow (DESY) ET
One representative from each participant I.Jonak-Auer, D.Fournier,
Scientific Coordinator (ex-officio) M.Kasemann, P-S. Marrocchesi,
Deputy Scientifc Coordinators (ex-officio) P.Merkel, J.Strait

Steering Committee

Management Team
Scientific Coordinator — Paolo Giacomelli (INFN)
Deputy Scientific Coordinators — Daniela Bortoletto (UOXF) and Giovanni Calderini (CNRS)
Administrative Manager — Svet Stavrev (CERN)

WP4 WP5
Federico Ravotti (CERN) Sebastian Grinstein (IFAE)
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Antoine Le Gall (CERN) Marcel Stanitzki (DESY)
Margherita Marini (CERN) Matthew Wing (UCL)
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Anna Macchiolo (UZH)
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WP8 WP9
Katja Kriiger (DESY) Dario Autiero (CNRS)
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Roberto Ferrari (INFN) (UNIMAN)

WP7
Silvia Dalla Torre (INFN)
Burkhard Schmidt (CERN)
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Paolo Petagna (CERN)
Marcel Vos (CSIC)
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Christophe De La Taille Frank-Dieter Gaede (DESY) WP13
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Angelo Rivetti (INFN) (CERN)

WP14
Paolo Giacomelli (INFN)
Svetlomir Stavrev (CERN)




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

