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MIMOSIS A CMOS Sensor for CMB-MVD

mat B mat € mat D
DC pixels DC pixels AC pixels AC pixels

modified ALPIDE-like
| | 128x504 pix |© 384x504 pix

e For Micro Vertex Detector (MVD)-CBM (Compress — M'Cr‘)(,\\flf,r,t;x RS Eirpeinentalilh

Baryonic Matter) experiment at FAIR [1]
e MIMOSIS-1 - first full size prototype
e 1024 x 504 pixel array - size 31 x 27 um?

The CBM - MVD will operate at:
100 kHz Au+Au collisions @

O . @Z == I 10 MHz p+Au collisions @
I P“c RSITE DE STRASB GOETHE N2 it fu (up to 100x higher rates in absence of MVD)
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MIMOSIS A CMOS Sensor for CMB-MVD

mat A - mat B
DC pixels DC pixels
modified ALPIDE-like

| 128x504 pix |- 384x504 pix

MIMOSIS pixels:

e DC-pixels — Derived from ALPIDE sensor (ALICE ITS)

Parameters Requirements
Spatial/Time Res. ~ 5 um/5 ps
Sensor Thickness ~ 60 um

Rad. Tolerance ~ 10" neg/cm2
(non-ionizing)

Rad. Tolerance ~ 5 MRad
(ionizing)

Data Flow (peak hit rate)  ~ 70 MHz/cm2

e AC-pixels — foreseen improved radiation hardness with top bias possibility > 20V

4 submatrices with various pixel circuitry:

e B, — basic pixels architectures

e A, D — 128-column matrices for analog pixel circuitry optimization
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MIMOSIS ACMOS Sensor for CMB-MVD

1

mat B
DC pixels DC pixels
|| modified

128x504 pix |© 384x504 pix
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ALPIDE-like

nwell collection

NMOS electrode

PMOS

: {

_ Deeppwell .

¥ Low Dose n-type Implant
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p- epitaxial layer

Modified Process
Low dose n-implant
"Split-3"

i pwell well
" Deeppwen |

Depletion
Boundary

Parameters Requirements
Spatial/Time Res. ~ 5 um/5 ps
Sensor Thickness ~ 60 um

Rad. Tolerance ~ 10" neg/cm2
(non-ionizing)

Rad. Tolerance ~ 5 MRad
(ionizing)

Data Flow (peak hit rate)  ~ 80 MHz/cm2
iy W 3 MIMOSIS-1
Low Dose n-type Implant SEI’]SOI’ type

Depleted Zone gﬁgﬁ:ﬁ; available [2]

S Standard and
split-3 were

Low doseMr:?:E:n')trics-stsype implant inVEStigatEd‘

"Split-4"
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CYRCe platform
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Radiobiology platform (PRECy Line)
o afewkeVto 25 MeV proton beams

High particle rate capability (Intensities from 100 aA to 10 nA)
Localized irradiations
Testing MIMOSIS 1 chips and Cyrcé proton beam characterization
25 MeV proton beams used (Niel factor ~1.8)
Tested Split 1-3 chips with 60 um thickness:

o Different collimator sizes (beam characterization)

o  Threshold Scan (study the cluster sizes and sensor

efficiency)

o  Beam Intensity Scan (determine the limitations on data
bandwidth)
Testing Localized Irradiation Capability
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Different Collimator Dimensions

iy e The tests for different collimators
i " with 2-24 mm diameter
e Using a telescope of 4 planes for
tracking:

collimator

P Outside the

channel 1 channel 0 channel 2 channel 3 beam

Plane1 Plane2 Plane3 Plane4 /
split3  Split1  Split1  Split1 29 26 ) '

Thresh e- (DUT/Ref): 240/120
Collimator (mm): 2-24

Back Bias (DUT/Ref):-3/-1V
High Voltage (DUT/Ref): 10/ 10V
Chip 19 - Split 3
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Different Collimator Dimensions - Beam Profile
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Threshold Scan
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(DUT)

Collimator
Average Pixel Multiplicity vs DUT Thresholds
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Threshold Scan
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Efficiency (%)

Track selection quality determines efficiency performance:

Eff =N /N

Track-DUT Total-Track

Efficiency vs DUT Thresholds

102
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Beam Intensity Scan

Standard = ~ Split-3

I Configuration (2}

L, (pA) | (pA) . | L, (PA) 1 (PA)
collimator 15mm 15mm 15mm
0.04 0.04 0.04 0.04
0.07 0.07 \ 0.07 0.07
0.30 0.29 24 19 30 31 (| Outside the 0.30 0.29
channel 0 charne 1 channel 2 charn=l 3 beam
0.59 0.59 ) 0.58 0.58
29 23 )
1.16 1.15 1.15 1.16
1.74 1 1.72 Thresh e- (DUT/Ref): 240/120 1.74 1 1.73
Collimator (mm): 10
232 |23 Back Bias (DUT/Ref): -3 /-1 V 230 1230
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Standard Chip

Expected (Cyrce) vs Measured (MIMOSIS) Flux

Beam Intensity Scan

Split-3
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Std Chip - DC Matrix ~ 23 kHz/mm2
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Proton

Beam Intensity Scan

Standard Chip

Expected (Cyrce) vs Measured (MIMOSIS) Flux
«10° DC Matrix - Standard Chip

Cyrce Flux

MIMOSIS-1
Flux

Expected (Cyrcs) vs Measured (MIMOSIS) Flux
DC Matrix - Split-3 Chip

Cyrcé Flux

Expected (Cyrce) vs Measured (MIMOSIS) Flux
AC MAtrix - Standard Chip

Flux

MIMOSIS-1

Expected (Cyrceg) vs Measured (MIMOSIS) Flux
AC Matrix - Split-3 Chip

Cyrce Flux

MIMOSIS-1
Flux

Cyrceé Flux

MIMO
Fl

Ali Murteza Altingun - IPHC

Saturation level depends on the cluster

multiplicity (size) as expected.

Max bandwidth at around 18 MHz/cm?

There is 2 outputs out of 8 used on the chips.

— Max: 18 MHz/cm? X 4 = 72 MHz/cm?
Standard:

o  DCmatrix ~ 10 MHz/cm?

o  ACmatrix ~ 32 MHz/cm?
Split-3:

o  DCmatrix ~ 56 MHz/cm?

o  ACmatrix ~ 72 MHz/cm?

o Requirement ~ 70 MHz/cm[1]
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Localized Radiation at Cyrceé - Proton beam with 2 mm

2 mm 2 mm
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e  Proton beam (2.9 fA-5761.5 protons/s/cmz ) e Radiation hardness and inhomogeneous
Localized irradiati ified radiation field experiments for the future tests
e |ocalized irradiation verified. (for MIMOSIS-2)
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e The measured intensity values from sensors and the intensities from CYRCé in a good agreement.
e Further analysis ongoing for beam dispersion and fluence profile studies.
e Sensor shows expected response to high particle rates up to its data bandwidth limit. Preliminary bandwidth
limit as observed for 25 MeV protons (upscaled to 8 outputs):
e Split 1 (Standard): Split 3:
DC matrix 12 MHz/cm?2 DC matric 56 MHz/cm?2
AC matric 16 MHz/cm2 AC matrix 72 MHz/cm2 - Requirement 70 MHz/cm2
As threshold increases, cluster multiplicity decreases slightly
Efficiency > 99 for all thresholds
The cluster size basically depends on the depletion.
25 MeV protons create larger clusters than that of MIPs
Localized irradiation validated at CYRCé.
Bandwidth studies can be performed at CYRCE.
CYRCé facility is very flexible and proficient to test our sensors.
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Average Pixel Multiplicity vs DUT Thresholds

Average Pixel Multiplicity vs DUT Thresholds
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Average Pixel Multiplicity vs DUT Thresholds
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MIMOSIS-1

MIMOSIS-2: e e
e  On-chip clustering 3 | ALPIDE-like
e Additional features for SEE g
correction
e Various bug fixes and
improvements ‘
MIMOSIS-2

o
ALPIDE-like &

128 pix
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Pixel array:
Pixel pitch:
Active area:
Chip dimension:
Integration time: 5 ps

504 x 1024 pixels in 64 regions
26.88 x 30.24 pm?

30.97 x 13.55 mm?

31.1x17.2 mm?

|Malrix
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______________
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e Ly
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Digital part of pixel I ST 870 T |
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| I Flags gen ' i i v I
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|
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Backup

Parameter Value 1024 pbety’ (30,76 en)
Technology TowerJazz CIS 180 nm sk [s=|ff == Fm su [s||[sm[sa [sa sw [[sa J® ‘?ﬂ g
Epitaxial layer ~25pum, > 1kQ-cm ‘ k3
, DC pixels DC pixels AC pixels AC pixels 2
Sensor thickness 300 pm or 60 pm MATRIX A MATRXD MATRIXC o | |2
. . T e oo o s
Pixel size 26.9pum x 30.2pm [k e ‘ e e g
Pixel array 1024 x 504 pixels ’ l ’5‘5 H ” ” | “ ” L =
Sensitive area ~4.2cm? 128 pix 384 pix 384 pix 128 pix
Array readout time | ~5ps
Power consumption | < 100 mW /cm®

MIMOSIS pixels:

e DC-pixels — ALPIDE-like

o AC-pixels — foreseen improved
radiation hardness with top bias
possibility > 20V

MIMOSIS - 1

4 submatrices with various pixel circuitry:

e B, C — basic pixels architectures

@ A, D — 128-column matrices for analog
pixel circuitry optimization

ERLRRAERERARLERA PRI RIERERERERANARRRLARLALERRAREERLERLARERENLE

s

THlpisia oy
— ey wa

e
MIMOSIS-1 fabrication reticules
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Backup

e TowerJazz CIS 180 nm technology — providing several process modifications and
some flexibility on epitaxial layer thickness.
@ MIMOSIS-1 available on:

o standard process (3 available wafers)

o modified process [continuous n+ layer] (3 wafers)

gap in n-layer [n-gap] (3 wafers) — expected improved radiation

]
o additional p-implant [p-stop] (3 wafers) tolerance
@ sensors 300 um, also thinned to ~ 60 um
STANDARD P-STOP N-GAP
Extra deep pwell implant Gap in the n- layer ===

nwell collection nwell collection
clectrode rézs electrode

W

Deep P-well Pixel - : Deep P-well Sl
implant Ek:il;:’dc S deep pwell deep pwell .1
low dose n-type implant v low dose n-type implant
P-type epitaxial layer p' epitaxial layer ' epitaxial layer
P backside J

W. Snoeys et al., NIM-A Vol.871 (2017) 90-96.
Munker, Vertex 2018, Status of silicon detector R&D at CLIC
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Backup

DESY ->5 GeVe-
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threshold [e]
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Backup

Track per event for Std and Split 3 chips

# of Nb of Good Rec Tracks per Event for Diffrerent DUT Thresholds- Chip 19/Split 3

# of Nb of Good Rec Tracks per Event for Diffrerent DUT Thresholds- Chip 23/Split 1 1.04
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Backup

S1S100:
1 GeV/u Au beam
29 GeV proton beam
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VX: This geometry focuses on the
identification of secondary vertices
of decaying open
charm D mesons

TR: This geometry focuses on track
reconstruction of mainly
low-momentum particles
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