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CMOS Monolithic Active Pixel Sensors revolutionized the imaging world

reaching:
= Jess tharT 1 e noise Top part
= > 40 Mpixels (BI-CIS process
=  Wafer scale integration technology)
=  Wafer stacking (now offered by foundries)
Silicon has become the standard in tracking applications Middle part
both for sensor and readout
(DRAM process Storage Node
technology)
... and now CMOS MAPS make their way in High Energy
Physies 1 e v e
Hybrid still in majority in presently installed systems BOttc?m part
(Logic process
technology)
New technologies (TSV’s, microbumps, wafer stacking...) make the Sony, ISSCC 2017

distinction between hybrid and monolithic more vague. 3




Evolution of pixel size and technology node for visible:

Pixe| Size EVO'Uﬁon Pixel size: 20x above technology feature size

100 Technology: 10 years behind DRAM technology

© Typically only very few (1-4) transistors per pixel
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Many more transistors
per pixel for HEP !
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Requirements for High Energy Physics Dose Fluence
(Mgy) (1016 1MeVn__/cm?)
Radiation tolerance ALICE ITS 0.01 10-3
= CMOS circuit typically more sensitive to ionizing radiation LHC 1 0.1...0.3
= Sensor to non-ionizing radiation (displacement damage) HL-LHC 3ab1 5 1.5
FCC 10-350 3-100

Single particle hits instead of continuously collected signal in visible imaging
= Sparse images < or << 1% pixels hit per event
= Near 100% efficiency, full CMOS in-pixel needed, often circuit (much) more complex

Position resolution (~um)

Low power consumption is the key for low mass
= Now tens of mW/cm? for silicon trackers and hundreds of mW/cm? for pixels
= Despite enhanced detector functionality for upgrades, material penalty limits power consumption increase

More bandwidth
Time resolution
= Time stamping ~ 25 ns or even lower, ... much lower (10s of ps)

Larger and larger areas
= ALICE ITS2 10 m?, discussions on hundreds to even thousands square m?,
= Interest for versatile sensors programmable for different applications (P. Allport CERN EP seminar 2020)



ALICE Inner Tracker System 2 (ITS2) taking data

ITS ers with wafer scale stitched sensors?

)?T inner |a
https://indico.cern.ch/ev t/107 14, ALICE ITS3 —a next generationvertex detector based on bent, wafer-scale CMd S sensors, Magnus Magery
(1) https://cds.cern.ch/record/2703140/files/LHCC-1-034.pdf - Letter of Intent for an ALICE ITS Upgrade in LS3

ALICE




EP RD WP1.2 on monolithic CMQOS sensors

* CERN EP R&D (WP1.2 Monolithic Pixel Detectors) investigating sub 100 nm technologies for HEP C\@ R&D

* Many contributors, strong synergy with ALICE ITS3 upgrade, very large measurement team (40-50 people)

* First technology selected is the TPSCo 65 nm ISC. Two submissions so far:

26cm long single silicon
object
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MLR1 (December 2020): 1.5 x 1.5 mm? test chips ER1 (December 2022):

Learn about the technology, characterize pixels, Prove we can design wafer-scale stitched sensors
transistors and building blocks

Profited significantly from the 10 years of experience in the TowerlJazz 180 nm CMOS technology.
Similar process modifications as in 180 nm, but more needed in 65 nm doi.org/10.22323/1.420.0001

Summary of WP1.2: https://indico.cern.ch/event/1233482/contributions/5264293/attachments/2596131/4482445/EP RandD Days WP1.2 2023 02 20.pdf



https://doi.org/10.22323/1.420.0001
https://indico.cern.ch/event/1233482/contributions/5264293/attachments/2596131/4482445/EP_RandD_Days_WP1.2_2023_02_20.pdf

MLR1 Chips and Features

* Transistor Test Structures

* Building blocks

Bandgap, DACs, Temperature sensor, VCO,
drivers ...

NIKHEF, IPHC, STFC, DESY, CPPM
* Pixel Prototypes APTS, DPTS, CE65
Other pixel prototypes from DESY, Yonsei

* Process Optimisation
* Increase margins on sensing performance

1.5 mm

CE/RW
y

N4

APTS

4x4 pixel matrix
10, 15, 20, 25 um pitches

il Pixel variants
22l Direct analogue readout

DPTS

32 X 32 pixels

| 15 pm pitch
| Asynchronous digital readout
| ToT information

& CEo5
Wl 64 X 32 pixels

15 pm pitch
Rolling shutter analog readout
3 pixel architectures
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Pixel optimization in 180 nm (started in 2012)

efficiency loss at ~ 101> 1 MeV ne,/cm?
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Dyndal et al 2020 JINST 15 P0200
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https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013

sonm) Charge collection speed
>

< Charge sharing
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https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
https://doi.org/10.1016/j.nima.2017.07.046

Process optimization: 65 nm very similar @

NWELL nwell collection nwell collection
NMOS PMOS COLLECTION NMOS PMOS electrode NMOS PMOS electrode
] =] ELECTRODE — — =] =] =] =] =] — ||
N [l | [ OJ UJ J; ] W - | E | O OJ U oJ
1
PWELL NWELL 1 PWELL NWELL Rl nwell | pwell nwell pwell nwell nwell
DEEP PWELL /! A DEEPPWELL oo __ deeppwell A \_______deeppwell deep pwell S L deep pwell
" \\ ----------------------------------------------
low dose n-type implant low dose n-type implant
depletion boundary depletion boundary

Standard TR e \ Modified Gap

depleted zone depleted zone
DEPLETION BOUNDARY

P= EPITAXIAL LAYER \‘\ p- epitaxial layer p- epitaxial layer
https://doi.org/10.1016/j.nima.2017.07.046 (180nm) https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
(180nm)
Charge collection speed
>
<

Charge sharing

"10th International Workshop on Semiconductor Pixel Detectors for Particles and Imaging"
PoS(Pixel2022)001, DOI: https://doi.org/10.22323/1.420.0001
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https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
https://doi.org/10.1016/j.nima.2017.07.046
https://doi.org/10.22323/1.420.0001

Different pixel flavors at larger pixel pitches

efficiency (%)

efficiency (%)
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Simulations by J. Hasenbichler for
MIPS

Charge sharing reduces the signal in a
single pixel and reduces efficiency
especially for larger thresholds.

Only the gap concentrates charge

sufficiently to remain efficient for
large pixel pitches

11



Pitch dependence for different variants ~Fe

See also: I. Sanna IEEE NSS 2022 CE/RW -
\
SZ7 = R&D
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Pitch dependence for different variants ~Fe

See also: I. Sanna IEEE NSS 2022

Remarkable result !
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~ 0 ot 15 2 : .
99 % efficiency at 10" n,,/cm* ... at room temperature doi 101016/;nima 2023 168589
1 , . lan3 DPTS
e I = ALICE ITS3 beam test preliminary r 10 Vowenr = Vup = — 2.4V
@PS July 2022, 10 GeV/c positive hadrons lresec = 35 pA DPTS
Plotted on 13 Oct 2022 Ipiae = 100 NA
2 Ipiasn = 10 NA
95 0% oy Zsona
X \ I . aptimised
< ~4 able
§ 90 - - 101
5 { d g
R [ Y N = A
ang 85 B N 10° @ —#— Detection efficiency
cc> \‘\ \{ \TL \ © -#&- Fake-hit rate
S 80 \ \ | 1p-1 ‘£ —% Non-irradiated
% \\ \11] &', —#— 1013 1MeV neq cm™2
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\‘ \\ \\ eq
\ -
"""""""" & PR messremerCyeeiy fmic | | % 10KGy 2
70 1 Association window: 480 um X 1.5 1S, ho pixel masking. 10~ —#— 10 kGy + 10%° 1MeV ngy cm™
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Threshold (via Vcasp) (€7)

* Fully efficient sensor, analog front end, digital readout chain in 15 x 15 um? pixel (DPTS) including sensor optimization
* Transistor total ionizing dose tolerance doi: 10.1088/1748-0221/18/02/C02036 and SEU in line with other 65 nm technologies

 KEY ACHIEVEMENT: 65nm ISC qualified for HEP, many features not yet explored (wafer stacking, special imaging devices...)
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Sensor timing

ALICE ITS3 beam test prel:mmary
175 @SPS June 2022, 120 GeV/c hadrons
Plotted on 8 Mar 2023

Mean: 157%4 ps
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Overflow entries: 3
Gaussian fit:
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(180nm FASTPIX about 100 ps with time walk and cluster size correction, J. Braach et al. doi:10.48550/arXiv.2306.059§58)



https://doi.org/10.48550/arXiv.2306.05938

Irradiation results: exploring paths to higher fluences

Relative frequency (per 20 e™)
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Ringoscillator test chip

CPPM: Pierre Barrillon, Marlon Barbero, Denis Fougeron, Alexandre Habib and Patrick Pangaud (TWEPP 2022)
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95 95 - 95 - 95
90 90 - 90 - 90
gg —8— Bank F-chip2  =&— Bank F - chipl gg ] gg ] gg
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70 L T T T T 70 T T T T 70 L T T T T 70 L T T T T
1071 10° 101 102 103 1071 10° 101 102 103 1071 10° 10! 102 103 1071 10° 10! 102 103
NOR1_A_LVT NOR4_A_SLVT NOR1_B_LVT NOR_4 B_SLVT
100 F—T e _ 100 Ol 100 5 S ——— 100 fFo———<———
95 95 S 95
90 90 90 90
85 85 85 85 - ‘\
80 80 80 80 - 2
75 75 75 75
70 L : T T T 70 4 T . r T 70 L T . T . 70 L T r T .
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* CPPM contributed to MLR1 with a Ring Oscillator test chip to characterize the standard cells of the TJ 65 nm technology.

The chip contains 48 ring oscillator based on different standard cells.

2 banks of 24 Rows each with the purpose of testing two approaches while irradiating:
* Functional: the oscillation is enabled
» Static: the oscillation is disabled

Oscillation frequency drops by 12-25 % after 830 Mrad. Degradation more pronounced for smaller cells.

Also several analog designs radiation tolerant up to several 100 Mrad, eg DACs (IPHC) , VCO, bandgap (NIKHEF)...

20230913 | Innovative Detector Technologies and Methods 2023 | Monolithic Sensor Development in TPSCo 65nm ISC
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ER1 submission retile

« Two stitched sensor chips, 6 of each per wafer, digital on top design

—  MOSS chip (1.4 x 26 cm)

- Conservative layout (DFM rules), Alpide-like readout scheme and 1/20
power segmentation

—  MOST chip (0.25 x 26 cm)

— High local density with high granularity of power gating to mitigate faults,
async hit driven readout

« 51 chiplets for prototyping blocks and pixel chips
— PLL, pixel prototypes, fast serial links, SEU test chips, ...

- IPHC, NIKHEF, STFC, DESY, SLAC, INFN, CERN...

o Learn stitching methodology, wafer assembly and automated signoff (P.. Leitao et al.)

« Learn about yield, design for manufacturing (DFM) and defects masking

« Study power schemes, leakage, spread, noise and speed

—  Practical application: Alice ITS3 upgrade

« Technology and support development
- New metal stack: new I/Os, PDK, DDK, DRC rules

— Custom DRC and LVS rule check, custom DFM standard library

— Legal framework, nda ...

18



MOSS Monolithic Stitched Sensor Prototype @M.

Endcap L Repeated Sensor Unit Endcap R
Pads 1 Peripheral circuits 2 Pads N~ 10 Pads

E L L1l LI . u S LTI L JLLLLL ...
( PR T
. ot
A EENHEE- RO #:![ HEEEE
H + 1 —
t - .,
" L L1l - -i
L " bl LT " ..

| ——— ———
<« Periphery ~0.8 mm - -
2.39 mm ) ) ) f Pad h: 0.35 mm 1.5mm
«—— 25.5 mm — Peripheral circuits Pads
Primary Goals Repeated units abutting on short edges
Learn Stitching technique to make a particle detector Repeated Sensor Unit, Endcap Left, Endcap Right

Interconnect power and signals on wafer scale chip Functionally independent

b ield and Stitching used to connect metal traces for power
Learn about yield and DFM distribution and long range on-chip interconnect busses

Study power, leakage, spread, noise, speed for control and data readout
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MOS

Chip

* Investigate yield when local density is preserved

* Global power domains over full chip (Digital/Analog)

* Higher granularity in power gating in case of a defect of

analog (rows of 4 pixels)

digital (half columns)

e PWELL tied to ground

reverse sensor biasing achieved by higher power supply

* Immediate transfer of hit data to the periphery (bottom endcap, 4 CML outputs)
* event-driven asynchronous readout (no strobing) over I(gng distance

* serial binaryZaddress transmission for this implementati
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SBB: stitched backbone
Mx : pixel submatrix
DP: digital pulsing

SCU: slow control unit
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ER1 (MOSS) test system
]

Gregor Eberwein, Valerio Sarritzu, Antoine
Junique, Magnus Mager ...

Based on:

= Carrier card (passive)

= 5x proximity card (active, custom made)
=  5x FPGA card (commercial)

=  First successful contact in May

gl First operation in beam in August
(D. Colella TIPP2023)

Y oy

21

ALICE




sttt
EE e

E
EHE""?!

TR -
EEEEEE b Fape IS EE N eR e R EEEEEEE ek
b b : R e Pedd b

J,L‘Ii LR S L R e e e R e

FESE R

Bl
00=ﬁ
=5

ssaalo o
@

aany|
ssny|

aonevlo of
ansd|
aonalo ef

ALICE (753 MOST chip carvier .0, W-A-2023
‘Marcal Rosaewd, Utracht Univeraity, UL-GRASP

SiNe

First mounting of (dummy from pad wafer) MOST on test card
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SUMMARY and OUTLOOK &

After MLR1: 65 nm ISC qualified for HEP: SZ
* Building knowledge about this technology for general interest

e Results fully in line with ECFA roadmap

* Very significant effort with synergy with the ALICE ITS3 upgrade project without which this progress could not have
been made.

ER1: exploration of stitched sensors

* Back from foundry, first results becoming available but significant testing effort ahead

ER2: focused on large stitched sensor MOSS2 for ITS3 upgrade
 MOSS2 will need to satisfy ITS3 requirements
* Less chiplets

* Tapeout spring 2024

MLR2...4: Organizing access for wider HEP community and continuing R&D for experiments (ALICE 3, ....)

* See next page
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SUMMARY and OUTLOOK

Organize access for HEP community, and continue R&D, coordinate and streamline efforts in the R&D,

also in testing (!), in synergy with the experiments (ALICE3, ...) and other R&D projects

As part of CERN EP R&D WP1.2 on monolithic sensors and DRD7. 6 on complex imaging ASICs and technologies, aligned

with ECFA roadmap

* Set up joint access for TPSCo 65 nm technology (and possibly others like TJ 180 nm, Lfoundry supported by other

institutes, ...)

e Engineering runs MLR2-4 with small chiplets, reticle scale and wafer scale stitched sensors on single wafer

e Common framework with frame contract, PDK, libraries, ...

* |P blocks (standard pixels, pad rings, ADCs ...)

* Shared access to 3 D technologies 2024

2025

2026

2027

2028

Deliverables:

Des.Kit & Libraries

eport ER2

Report MLR2

Report MLR3

« Common QA/ASIC development framework

Tape-out dates:

* Designer’s fora

* Standardized test setups and readout, MASSIVE testing effort

* DRD7 workshop September 25-26%: https://indico.cern.ch/event/1318635/
* See also last general WP1.2 general reporting meeting: https://indico.cern.ch/event/1280150/
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ECFA Detector R&D in Electronics: DRD7. Call for projects

Dear Colleagues
You receive this message because you registered to the ECFA DRD7 interest group.

In view of drafting its Letter of Intent, DRD7 is now calling for projects in electronics, following the priorities established in
the ECFA Detector R&D roadmap document.

Interested scientists, groups or collaborations are invited to express their interest by contacting the relevant DRD7 WG
conveners with their project intentions.

Conveners will collect the community feedback and aggregate it into a portfolio of projects in each WG.

These preliminary project intentions will form the basis of the Letter of Intent, due to be submitted in July 2023.

The two attached documents give all necessary information on the call for projects itself, and on the DRD7 future
organization.

Please express your interest before 30 June 2023.

Francois Vasey, on behalf of the steering and technical committees.
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The need for sensor optimization to obtain full depletion

dre
T-Iﬁ Cspherical = ﬁ = 4‘7T€R1
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Planar vs spherical junction
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Signal charge is collected from the non-depleted layer, diffusion dominated and prone to trapping after irradiation

* Planar junction: depletion thickness proportional to square root of reverse bias.

* Spherical junction : depletion thickness proportional only to cubic root of reverse bias, inner radius R1 to be kept small for

low capacitance

* Deep pwell and substrate limit extension of the depletion layer -> see next slide
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Sensor optimization: influence of the resistivity of the epitaxial layer

)

E -

3. 1400 |—--

2 ~ | ==~ 500 Ohmcm
£ B

§ =

= 1200

g =—a= 5000 Ohmcm
ol

(0]

©
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1000
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-~ —

PR, St IS S SR SRS— T— A —
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epitaxial layer thickness [um]

Lateral electric field

thin
epitaxial

layer

(A) (B)

thick
epitaxial

layer

(©) (D)

low resistivity  high resistivity

For thinner epitaxial layers, higher resistivity does not help for further depletion due to the proximity of the substrate

Depletion constrained by the substrate and surrounding pwells
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State of the art: ALICE Inner Tracking System 2 :
10 m2 with 3x1.5 cm?2 ALPIDE chips CEWR&D

\

. . NS
TowerlJazz 180 nm imaging CMOS technology, development 2012-2016
NMOS PMOS COEI\_/EI(EDI:I'ITON
= || ] ELECTRODE | S |
J N | ' O O
4 & PWELL J NWELL ,‘I u ' PWELL NWELL J
DEEP PWELL y \\\ DEEP PWELL

\ 1

/
,// DEPLETION BOUNDARY

X DEPLETED ZONE !

ALPIDE CHIP

512 x 1024 pixels of 28 x 28 um?

e Full CMOS in the pixel (deep pwell)
40 nW front end, sparse readout

e Matrix 6 mW/cm?2, up to 40 mW/cm? including periphery

e Standard process: sensitive epitaxial layer not depleted
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STFC

RAL: S. Mathew, lain Sedgwick

e MLR1 submission with CML driver:

1.2v
CURRENT SOURCE - P

2.5V
I

LVDS Receiver
Stage

Differential
ilp

Differential

Single end -
o/p

Differential

CURRENT SOURCE - N

CE/RW
y

N4

Dataset 2209_0136, LO0003;
BitRate=2.0Gb/s, Cable Length=3.0 m, txDiffSwing=1080mV, test_mode=CLK

9900 krad
Eye Diagram Differential signal
500
A
400
0.2 4
« 300 0.1+
3
< >
S 0.0
200
—0.1
100
ALY
0 T T T T v
0 10 20 30 40 50 0.0 25 5.0 75 100
t (samples) t(ns)

» Several other institutes have submitted test chips: Yonsei and SLAC (pixel test matrix), DESY (test pixels and Krummenacher

feedback amplifier)
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Transistor radiation tolerance

o @

nMOS 5.0 x 6.0
nMOS 0.2 x 6.0

MOS02x01 'ESEBSs

nMOS 0.40 x 0.10
nMOS 0.60 x 0.10

= ~(> nMOS 1.00 x 0.10 Vps =Vgs = 1.2V
> nMOS 1.00 x 0.20 <
~104 =F= nMOS 1.00 x 0.50
=== 1nMOS 1.00 x 1.00
PreRad 1(I)5 166 167 1(I)8 10
TID [rad]

In line with other 65 nm technologies, no showstoppers.

=i = BB

==
3 pMOS50x60 B::%
204 /= pMOS 0.2 x 6.0 Y ~$\
pMOS 0.2 x 0.1
404 pMOS 0.40 x 0.10
pMOS 0.60 x 0.10 T =25°C
(> pMOS 1.00x0.10  Vps = Vas = —1.2V
—60 1 > pMOS 1.00 x 0.20 4
—}=  pMOS 1.00 x 0.50
_g04 =¥ pMOS 1.00 x 1.00
PreRad 1(I)5 166 167 168 109
TID [rad]

Small size PMOS transistors degrade significantly after several hundred
Mrad.

Caveat: modeling of transistors with significant reverse bias

A. Dorda Martin et al. “Measurements of total ionizing dose effects in TPSCo 65 nm and

influence of NMOS bulk bias”. doi: 10.1088/1748-0221/18/02/C02036
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DPTS Analog front-end

see also: F. Piro IEEE NSS 2022

Amplification and reset Discrimination
AVDD AVDD AVDD
IBIAS |:>—||: MO IRESET M5 IDB |:>—||: M10
_'E M VRCAS M6
IN N\ T\
J
1 VCASB D—"f M7 OuUTD

1 ? BT AN ﬂ\{

CE/R;W
/) 2 R&D

Benefits from low sensor capacitance (< 5fF).

Source follower (M1) to compensate Cgs
capacitance.

M2, DC coupled to the source of M1, contributes
to the gain using the same current.

Cascode transistors M4 and M8 provide high
gain on OUTA.

DC coupling requires feedback to input through
M?7. Current provided by M5-M6.

M10-M11 form a simple discriminator with
threshold set by the IDB current source.

Tunable IBIAS-IBIASN (IBIAS =10 x IBIASN) currents
to set lower power consumption or faster timing
response.

L. Cecconi, et al., “Design and readout architecture of a monolithic binary active pixel sensor in TPSCo 65 nm CMQOS imaging technology ”, TWEPP 2022.



DPTS Front-end simulations

Simulation results with = 12 nW power consumption — lowest power mode.

Gain @ threshold = 1 mV/e™, 1 us peaking time.
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CERN

DPTS Pixel layout and measurements
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Measurements - front-end time walk

For a power consumption of 12 nW, with
charges > 200 e~ (35% of a MIP charge):
- time response < 1 us
- jitter < 150 ns

For a power consumption of 600 nW, with
charges > 350 e™:

- time response < 25 ns

- jitter < 1.2 ns

Can go up to a few uW. Power increased by
increasing IBIAS = 10 IBIASN.

2000

1750

p— p—
[\ i
D ()
- O

1000

REACTION TIME [ns]
(\O) ()] ~J
W () (W)
- - O

S

) ep I

&D
¢  Power consumption = 12 nW
i ¢ Power consumption = 60 nW
I ¢  Power consumption = 120 nW |
¢  Power consumption = 600 nW
. +  Data i
— Fit
) | ]
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INPUT CHARGE [e ]
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MOSS front-end SN...

NS
AVDD AVDD AVDD
IBIAS D—[ MO - IRESET D—[ M5 IDB D—||: M10 Conservative layout to respect DFM rules.
1 10 pA
M1 VRCAS p—{ M6 PWELL/PSUB to be kept at ground for high yield:
IN ‘—’E,\ 11nA - Transistor M3 converted to a PMOS to
- VCASE B—{_ M7 OUTD be able to shift up the collection
‘\J electrode voltage through front-end
Do A ‘ M4 settings and increase sensor reverse bias.
. OUTA f\_ i
|
VCASN D_“: VS " Higher current for more margin
12.5 nA
IBIASN p—]_ M9

_.,|||F
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o)
MOSS pixel layout o)l

Performance obtained with PEX simulations

Parameter Value

Area 60 pm?
Power 36 nW
Gain 0.5mV/e™

Threshold 150 e™
Peaking Time 1 s
Phase Margin 60°

Thr. Dispertion 11.5e”
ENC 12 e

Power density ~ 7.11 mWcm™2  Power density = 11.11 mWcm ™2
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N4

MOST front-end C\EWR&D

DPTS
front-end AVDD AVDD AVDD PWELL/PSUB ted t | g
__________________________________________ connected to analog ground:
N 'B'ASD—_EIIO IRESET D—_EI;6 IDB D—_Em” - AVDD to create headroom and accommodate large

sensor reverse biases through the front-end settings.
- thick oxide transistors (M5-M13) to allow AVDD >
1.2V

M4 supply through switches to power gate defect pixels

SUB OUTA f\ _
—|: M2 VCASN
_|: M3 IBIASN

Adaptation of the interface to the digital domain.

E 178 Vo veAss p—{_ M8 i
Do L~ Layout at normal density -> groups of pixels connected to
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MOST pixel layout

DIGITAL POWER SWITCH ANALOG  ANALOG POWER SWITCH ANALOG

Y i

VCO

SHIFT REGISTER

Power density = 11.11 mWcm™

18 umx4

2

CE/RW
y

N4

Performance obtained with PEX simulations

Parameter Value

Area 45 pm?
Power 36 nW
Gain 1mV/e™
Threshold 150 e~
Peaking time 1 s
Phase Margin 55°
Thr. Dispertion 15 e~
ENC 10.5e™
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IP Block measurements bandgap, T-sensor, VCO: all functional and tolerant to 100 Mrad or beyond

NIKHEF: V. Gromov, D. Gajanana, A. Yelkenci, A. Grelli, R. Kluit, M. Rossewij (TWEPP 2022) CE/RW
\ = R&D
Bandgap Temperature sensor Voltage Controlled Oscillator ( )
900
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Fosc, MHz I-NMOST

850 \7/'**"_’_***_’:
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IP Block measurements DAC

IPHC: I. Valin, S. Bugiel, A. Dorokhov, C. Colledani, C. Hu et al.

CE/RW
/) a3 R&D

DACA | DACB
Resolution 8 bit 8 bit
LSB [nA] 40 40 Both DACs remain functional after 500 Mrad irradiation with DNL < 1 LSB, INL < 2 LSB
Reference current [uA] -0.8 -10.72
Power [uW] (*) 13 13
10 keV X-rays 6.5 Mrad/hour
Area [um x um] 133x253 | 143x253
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MOSS LaVOUt 6.72 Mpixels
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MOSS - Half Unit

left_endcap | moss_core | right_endcap |
Region 0 Region 1 Region 2 Region 3

row steering

row steering
row steering

Control Interface Unit Control

B m top readout
][] (][] | P[] "

Control

I

E?] i

I D I e

SUPPWI I Control Readout
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MOSS TESTING SCENARIOS - EXAMPLES )@

ALICE
Supply Control and
Readout

0

TE S i

Control and i 50000 E'I,.,,, ‘_!I,HJ‘UI,II,I

S S—

RO i+ et S

Test the sub-units independently
Study manufacturing yield

Functional yield at half unit, block, column/row/pixel level granularity

Study noise, threshold, position resolution vs pixel variants
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MOST Chip: more detail rookpespersn (@)
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Measurements - threshold dispersion and noise N
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