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IFIC - Instituto de Fisica Corpuscular

IFIC = Joint center between:
* Spanish National Research Council
* University of Valencia

Funded in 1950, it is a Physics Institute, covering
activities in:

* Particle Physics

* Nuclear Physics

* Astroparticle and neutrino Physics

* Medical Physics

* GRID

Approaching 400 members

Awarded with the ‘Severo Ochoa’ accreditation
as center of excellence in Spain
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Instrumentation Activities at IFIC



IFIC at CERN’s LHC
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ATLAS Upgrade Activities

ITk: most inner detector in ATLAS based on Si sensor, with pixel and strip layers.
Leading role in detector management (Carlos Lacasta)

* Petal is double sided object 9 modules 10x10cm?2 per side.
* Module assembly in IFIC’s clean room (25% of production).

‘ " * Assembly process on local support.
‘I & f :

* Sensor wire bonded in 4 layer scheme
up to 1.5m of wire per module.

TileCal: central hadronic calorimeter in ATLAS,
10k PMTs sampled at LHC 40MHz clock.

* Current Read-Out Driver (ROD) interfaces FE to HLT and DAQ chain.
? ROD: VME 9U board with 165Gbps maintained and upgraded by IFIC.
* ROD to be substituted by PreProcesor (PPr) during Upgrade (2026-2030).
> PPr: ATCA board with 40Tbps throughput, IFIC fully responsible.

?> PPr provides E reconstruction with NN in FPGA on real time for all channels.



LHCb Upgradell Activities

x64 channels

5y PACIFIC++
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PicoCal: heterogenous sampling calorimeter with
rad-hard crystal scintillators and precise timing.

Time measuremant
Preamplifier

* Chipset with energy(ICECAL65) and time(SPIDER) ASIC.

Amplitude measurement

: )

. .. T = 12C_SDA

* Interface with PMT through COTS circuit (PAC). — % — ECL
RALRTSS asing DACs & registers =

> High bandwith (250MHz) and amplitude range (2V). Mighty Tracker: multi-technology downstream tracker.
> Design, test and production at IFIC. (SciFi with SiPMs + HV-CMOS)

? Contributions to ICECAL65 design and test.

* PACIFIC++: SiPM readout chip w. digitization and timing.

2 Contributions to design, production and test.
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IFIC at SuperKEKB'’s Belle Il

Leading role in Belle Il upgrade (Carlos Marifas).

VXD/VTX: vertexing detector at the inner part of Belle Il
using silicon strip and pixel sensors.

* Upgrade to all CMOS DMAPS.
> New ASIC design (OBELIX) with 33um pixel pitch.
> All Si ladder inner layer (material budget) with air cooling.
? CF structure for outer layers with water cooling.

?> Aim: maintain performance with increased background.

VXD/VTX & Belle Il :



Main Detector R&D Areas

Activities aligned with the DRDs of the European Strategy, mainly on:

* DRD3 - Solid state detectors
Monolithic CMOS
Large area DMAPS

* DRD7 - Electronics and on-detector processing
Data transfer
DAQ and TRG systems
Silicon photonics, transceivers, ...

* DRDS8 - Integration
Ultra lightweight mechanics
Cooling systems

— Silicon detector developments are the strongest focus of our interest



Silicon Pixel Sensors
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Vertex Resolution

* Vertexing is key to the performance of detectors in HEP experiments

Vertex resolution

2
Oux = J - + l] o’ |4 (2r) — Fﬂ)gkl3.6 MEV)E e )

. 4 Layer 2
Detector requirements a>
* Fine segmentation
* Low material (beam pipe and detector layers) r Layer 1

* First layer as close as possible to the beam pipe r a -\' /
I".;]T Otx

* Large lever arm

Beam pipe
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Silicon Pixel Sensors

* Particles flying through the bulk produce ionization
* lonization creates charges in the detector volume:
* Electron-hole pairs in a semiconductor detector

* Electric field applied to move the charges and ‘induce’ an electric
current

~ bias

* Simplest detector: pn-junction
— Operated in reverse bias = Depletion region
— Traversing particle = lonization = signal carriers in the silicon
— Typical thickness 50 - 300 um

* Pixelated structures inherently offer 2D information:

— Fine resolutions typically available

— Compact solutions, low material A Aﬁ

— Requires more electronics N &
SEMSET amplifier comparator

diode



State-of-the-art of LHC Detectors

All based on Hybrid Pixel Detectors

Photon or charged particle

Common electrode

Sensor chip

Readout chip

-

Motherboard ™
Depleted®
L _ | ; Zone
T [} %
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i Semiconductor)
< | ;
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High resistivity
N-type silicon  p_type Pixel implant

1\ p-type substrate

CLICpix2
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From Hybrid Pixels to Monolithic

* Standard HYBRID pixels

- Various sensors: planar-Si, 3D-Si, diamond
- Mixed signal R/O chip

v

Monolithic Active Pixel Sensors

- MAPS using CMOS with Q-collection in epi-
layer (usually by diffusion)

- Depleted DMAPS using HR substrate and/or
HV process to create depletion region

Moderate spatial resolution (10-100 pm)
High material budget (few % X,)

High cost

Radiation hard

front-end
chip

pixel

detector

High spatial resolution (1 um)
Low material budget (0.1 % X,)

Needs modifications for radiation
Simpler readout architecture
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CMOS (D)MAPS

CMOS (Depleted) Monolithic Active Pixel Sensors

*  Monolithic
Signal generation + readout integrated on a single unit
Low material budget

* Active
Detection and in-pixel amplification and processing

* Depleted

HV process or HR substrate to create depletion region
Fast charge collection via drift
Large depleted volume with large signal

d~\p-V

* CMOS (comercial vendors)

Pros Reduced cost
Fast turnaround  Large wafers
Complex layouts  Long term support
Limited information on processing details

Large throughput

Cons
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MAPS
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CMOS-MAPS R&D in a Nutshell

" General concepts 4 Monolithic active pixel sensor N\

Resource blocs
A N
Sensin Digital treat Data TX
& conversion & Storage & Control

= DA

2x2 submatrix view
thickness ~50 um

Steering & clocking

" Performance is a matter of optimisation

Low material Excellent Hit rate
budget spatial
resolution
Optimisation
ee & heavy ion ::nc;ﬁi::‘er Optimisation 1

Low power
dissipation

High hit or

rate

Some performance

. Optimisati
are anti-correlated! P on
. 4 Exolilant hh Time resolution
ig xcellen -
radiation time A &

\G)
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Demonstrator Development at IFIC
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Future Vertex Detector Demonstrator

Intelligent, thin, fine-pitch vertex detector prototype in the context of a full demonstrator design

— In other words: A large area DMAPS particle beam telescope

Bring the existing infrastructure to the next
level, together with our national and
international partners

* 6 large area high-resolution detector planes
e 2fast planes

* DAQand TRG

* Compact integration
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Small Electrode Sensor Design DMAPS

Monolithic detector: Combine sensor and readout on the same wafer

NMOS PMOS NWELL COLLECTION

poti = ELECTRODE — =
W J i i 1 I
. PWELL | NWELL [_- | PWELL | NWELL
... _DEEPPWELL. ...~ . _DEEPPWELL .

LOW DOSE N-TYPE IMPLANT

DEPLETION
BOUNDARY

DEPLETED ZONE

P= EPITAXIAL LAYER

Electronics outside the collection well
Small fill factor

* Very small sensor capacitance

* Low noise and power

TowerlJazz 180 nm CIS
* Deep pwell allows for full CMOS in pixel

* High resistivity epi-layer 1-8 kOhm.cm
epi thickness 18-40 um

* 3 nm gate oxide for good TID
* Modified process: Additional planar n-type implant
Full depleted volume

Fast charge collection

* Derived from LHC developments
19



TJ-Monopix Family
Large scale demonstrator chip development

DMAPS in TJ 180 nm: Cance;‘\
' + MALTA
* Asynchronous readout

all sensor capacitance (Cd)

* Sm
*  Key for low power/low noise
_— *  TJ-Monopixl
z * Radiation tolerance challenges . s nI:hronuus cslami-arsinRlo
" R *  Modified process y
! «  Small pixel size $
. * Process modification enhancements, Cz substrate =
* Design challenges . ..
W. Snoeys &t al, hittps://doi.org/10, 1016/L.nirma.2017.07.046 - Compact, low power FE lmprnved E'l:l:ll:I'E'l'I(!”‘I ‘
& Cy < 3fF pa @ *  Compact, efficient R/O * TJ-Monopix2: Improved full-scale DMAPS
- N cd j
TJ-Monopix2 TJ-Monopix2 TJ-Monopix2 " »
T vt | Tawaias | awaihe | Ourceds | o

Ti-Investigator
MALTA Design | MALTA Submission

characterization
Full scale

- System-ready:
- LDO, CDR,
memaory etc.

Present

20
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TJ-Monopix2 Characterization

* TJ-Monopix2 as forerunner of OBELIX
* 33x33 um? pitch, 25 ns integration, 2x2 cm? matrix
* 7 bit ToT information, 3 bit in-pixel threshold tuning
* Various sensing volume thickness (CZ-bulk, epi-30 um)

— "
— it

& FeSSspurce e

{ fa)ma:x+b—[cix—EIH

* Detailed characterisation .o

0] be04l4 =074
5

* In-laboratory : |- i Consistently achieving <300 e~ Epi add. p-wel(; 99.85 % )
 Threshold / noise /"/ threshold levels in all samples |
* ToT calibration e DUT residuals for all clusters j: i : :
* In-beam (DESY, 5 GeV electrons) %ﬁ: /™Y sadec n R ]
* Efficiency ~99% o |
* Position resolution ~9 um EEE | §
* Irradiated up to 5x10%ne/cm? o . LT T
without relevant loss of performance L TUPRRRT o ST—| .

U, = Uy, [um]



OBELIX

. . Pixel Matrix
Matrlx deS|gn pixel 33x33 pm? - )
. 896 columns x 464 rows ﬁ é
* Extended copy of TJ-Monopix2 . T g i
* 2 front-end flavours: DC- and AC- cascode amplifier £ Regulator DACs || Monitoring || Temperature l poweron ||~ £
&’ |__Control || currents & voltages ADC Sensor Reset
* Clock for time-binning slowed down: 100ns 8 =
Powering ﬂ.g. Trigger Group 0 = Trigger Group 1 = Trigger Group 11 E
gi Digital EorC E Digital EoC g_ ) Digital EoC
* LDO regulator for easier voltage distribution i e | | [areriea] i J_EE
* Overall power depends on hit rate: 200-300 mW/cm? Control Unit (CRU) Synchro & Clocks Unit (scU) | &
. . Transmission Unit (TXU) Track Trigger Transmission (TTT)
Trlgger.Unlt . o | /O pads |
* Simulated with realistic inputs: 120 MHz/cm?
* Can sustain 600 MHz/cm? for 0.5 us Production
Fine time stamping Q3 2025

* 6 ns achievable with end-of-column fast clock
* Limited to hit rate < 10 MHz/cm?

Track trigger
* Reduced granularity to 8 strixels ( ~4 x18 mm?)
* |ncreased transmission rate: 33 MHz

22




All Silicon CMOS Ladders

Usual module-building approach

+ . . . . [ >
DlClng + fabrlcatlon ARRRRRRRRRRE SRARRRRRIREY ARRRRRRRRRAE SRRRRRRRRRN

—_—

of support Gluing and wire-bonding
to support

All-silicon ladder approach

S~

200 mm wafer

_

[T T T 111 Dicing: all Silicon 4-chip-ladders

Post-processing
ladder candidates
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All Silicon CMOS Ladder Concept

All-silicon module < 0.15 % X,

RDL smetal -\:'::' potymer Y
.

[—

4 contiguous sensors diced as a block from the wafer WZEB‘LKZ |
Redistribution layer for interconnection \ i
Heterogeneous thinning for thinness & stiffness AN e =

- 30 mm - 10 gap Pl metadl §Cu) ¥ Mo retrny P
- J F; 4

Prototyping (Demonstrator)
First real-size ladders at IZM-Berlin with dummy Si

Pads WVTX demonstrator ladder: M1 (Al)

Metal system:
* Resistive heaters: 1.5 um Al (M1)
. * 2 RDL metal layers: 3 um Cu (M2, M3)
ST L ¢ Top metal finish: NiAu (M4)
Transmission line Wirebonding, SMD soldering

test structures

Final ladder dimension: 143 x 20.4 mm?
Dummy heaters: 30 x 20 mm?
Prepared for 1.7 mm mounting hole
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All Silicon CMOS Ladder Demonstrator

Configurable power routing and test points for I*R drop measurements
SMA connection for data lanes and TDR measurements

Also preparing a PCB mockup of the ladder to practice soldering etc

First RDL demonstrators:
8 Wafers (725 pum, 400 pum, 300 um)

Production finished smoothly

Multiuse Ladder Box Concepts

Characterization starti ng (Transportation, bonding, tests)

25



International R&D Landscape
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European Strategy and CERN R&D Program

Parallel structure in
Eurpean Strategy and
CERN R&D Programm

Focus on large area DMAPS sensors with high
spatial resolution and low mass, exploring
CMOS commercial technologies

=
. g
oy Ar
o W,
LTI =t oy
£y = &
S f8s, I8 ¥
L~ S . T o o r?
e V X ¢ g Y & T o
T X & N O O & g.J' OO : £
§o LSS EFT o0 £Y SEES
¢ O S @ ¥ ¥ I T & ¥ O ¢ ¢ S
DRDT <2030 2030-2035 g::i- 2040-2045 >2045
Position precision 3134 ® 900 0°2°90000°0
m!;ﬁ:im:::: ::':::E.::;uﬂt LGW Xfxﬂ 5'1'3'4 . . . . . . . . . . . . . .
Low power 31,34 ® o0 ® 20000 0O
Vertex High rates 3134 (N N ® 0 o 00000900
o) | ECPA seteord Larg arsa vatrs 5134 0 © o006 O
i Ultrafast timing® 3.2 . . . .
Radiation tolerance NIEL 33 o .
Radiation tolerance TID 33 ® @

. Must happen or main physics goals cannot be met () Important to meet several physics goals Desirable to enhance physics reach ) R&D needs being met



Conclusions & Outlook
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Conclusions & Outlook

* |FIC involved in detector development at several HEP experiments (ATLAS, LHCb, Belle II).

* Experience in silicon sensors, FE and BE electronics, mechanics, cooling, integration ...

* Strong interest in R&D for vertex detectors and trackers based con CMOS DMAPS
* Activity in line with different strategies in R&D international landscape (ECFA, DRD ...)

* Future Vertex Detector Demonstrator under development in synergy with other projects.

* TJ-Monopix2 performance, including irradiated devices, matches expectations
— Solid steppingstone towards OBELIX, to be submitted in Q3 2025

* All silicon CMOS ladder demonstrator produced and under test

* ASFAE program allowed us to maintain our strong leadership in current experiments

and develop cutting-edge instrumentation for future colliders

29
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