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Case for Timing Detectors at Muon Colliders

Beam Induced Background

Aug 8 2025

Primarily dealing with out-of-time background from muon decay products.
Intense, continuous flux of low-energy photons, electrons, positrons, and
neutrons that floods the detector

Propagation of p: beams
in the accelerator lattice >
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Kiley Kennedy at IMCC 2025
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https://indico.desy.de/event/45968/contributions/186302/attachments/97207/133876/MAIA_KKennedy_05.14.2025.pdf
https://indico.cern.ch/event/1455346/contributions/6323201/attachments/3009826/5306666/2025_02_06_bartosik_v1.pdf

Precision timing for BIB & Physics

Snapshot from the MAIA detector concept

Kiley Kennedy at IMCC 2025
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MAIA Detector Concept

Muon Collider
Simulation
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~

/Timing detectors / 4D tracking are essential for
tackling BIB at muon colliders

Also gain PID for low momenta particles with ToF

LLP and displaced vertex taggin
\_ P gging Yy,

Vertex Detector | Inner Tracker | Outer Tracker

Sensor type macro-pixels micro-strips

FERMINATIONAL ACC

Barrel Layers 3 3

Endcap Layers (per side) 7 4

Cell Size 25pm X 25pm | | 50pm X 1mm |50 pm X 10 mm
Sensor Thickness 50 pm 100 pm 100 pm
Time Resolution 30 ps 60 ps 60 ps

Spatial Resolution Spm X 5pum 7Tpm X 90pm | 7pm X 90 pm


https://arxiv.org/abs/2502.00181
https://indico.desy.de/event/45968/contributions/186302/attachments/97207/133876/MAIA_KKennedy_05.14.2025.pdf

Fundamentals of a Timing Detector
Standard “Hybrid” Pixel Model
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https://doi-org.ezproxy.cern.ch/10.1007/3-540-28333-1
https://indico.cern.ch/event/1386009/contributions/6279118/attachments/3016614/5320712/vs_CompleX_VCI2025.pdf

Fundamentals of a Timing Detector
Standard “Hybrid” Pixel Model - Low Gain Avalanche Diode
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No gain

F7 50-80 ym
- .- / -

) Low Gain Avalanche Detector (LGAD)
oxide ’ Gai layee oo BEop e n on p sensor with p-type mult. layer
= e Low gain (G~10): improve signal slope
Epi p-bulk e Developed at CNM Barcelona
e Proposed for timing by UCSC/Torino
~15 year development cycle from idea to
production in first-gen detectors

N Cartiglia et al

Handle wafer
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https://doi.org/10.1016/j.nima.2022.167228
https://doi.org/10.1016/j.nima.2014.06.008
https://doi.org/10.48550/arXiv.1704.08666
https://indico.cern.ch/event/1334364/contributions/5672120/attachments/2760994/4808423/Story_LGAD_Pellegrini.pdf

Fundamentals of a Timing Detector
Standard “Hybrid” Pixel Model - Readout Chain
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https://doi-org.ezproxy.cern.ch/10.1007/3-540-28333-1

Fundamentals of a Timing Detector

Standard “Hybrid” Pixel Model - Basics of Time Resolution
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https://indico.cern.ch/event/1445926/contributions/6495194/attachments/3070153/5431266/vs-TimingThin-FAST2025.pdf

Fundamentals of a Timing Detector

Standard “Hybrid” Pixel Model - Basics of Time Resolution

No gain
50-80 um
| |

oxide ’ Gain layer p-stop
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Epi p-bulk f;
Handle wafer Comparator
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Silicon sensor Chip pixel Solder
(285 pm) unit cell bump

g

N = [ S S e e =]

Readout chip
(180 pm)

Courtesy of Paul Scherrer Institut
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HL-LHC: First generation timing detectors
ATLAS High Granularity Timing Detector

FLEX tail

Architecture of the ALTIROC ASIC
readout 15x15 pads, 2x2 cm?,
CMOS 130 nm,

Jitter ~25 ps

FERMINATIONAL ACCELERAT

2x double-sided layers, based on Low Gain Avalanche Detectors (LGADs) and custom
ASICs (ALTIROC)

» Target: 30-50 ps per track (35 - 70 ps per hit),

* 6.4 m2 silicon detector, 3.6M channels, 1.3 x 1.3 mm2 pixel size, 50 pm active
thickness.

Xiao Yang at VCI2025

Radiation hardness requirement:

2.0 MGy TID and 2.5E15 neg/lcm2@ -30 °C _ ,
for 50 ps and 4 fC 8-inch LGAD wafer Full size 15*15 LGAD sensor
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https://indico.cern.ch/event/1386009/contributions/6279120/attachments/3016548/5321166/VCI_HGTDSensors_XYang_20250217.pdf

HL-LHC: First generation timing detectors

CMS Minimum lonizing Particle Timing Detector

Visualization of MTD geometry
implemented in GEANT and
relationship to CMS.

o

FERMINATIONAL ACCELERAT!

MIP Timing Detector (MTD) by CMS

CMS Phase-2 Simulation (14 TeV)
Pl The MTD will exploit
S timing information to
« MTD 35 ps , reduce pile-up to
current LHC levelin
both the forward and
barrel regions.

Endcap Timing Layer (ETL) Barrel Timing Layer (BTL)

Si with internal gain (LGAD): LYSO bars + SiPM readout:
On the CE nose: 1.6 < |5|<3.0 TK/ECAL interface: |n| < 1.45
Radius: 315 < R < 1200 mm Inner radius: 1148 mm
Position: z=+3.0 m Thickness: 40 mm
1.3x1.3 mm? pixels Length: +2.6 m along z
~14 m?: 8.5M channels Area: 38 m2
Fluence: up to 2E15 neg/cm? 332k channels
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8.5M channels

2.

.3mm pixels, 14 m
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More on the LGADs for the CMD ETL

Design Constraints from the CMS MTD

Need to withstand 2 x 10"° neq/c:m2 in the innermost
region over 3 ab™, still deliver 8-10fC for readout at the
end of life

< 30-50 ps contribution from the sensor, limits active
depth to 50um with a gain of 10-30 and pad size ~
mm? to minimize pad capacitance

Carbon
Co-implants
in Gain Volume

HPK2 — Beta source FBK UFSD3.2 — Beta source

H ¥ Split 1 pre-rad & Split 1, 8e14 ¢ Split 1, 1.5e15 et . /
H % Split 2 pre-rad & Spiit2, 8e14 $ Spiit2, 1.5e15 | Q|

Split 3 pre-rad Spiit 3, 8e14 spiit 3, 1.5¢15 55r
50t

H ¥ Split 4 pre-rad & Spiit 4, 8e14 ¢ Split 4, 1.5e15
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30 EH)L ¥ o el
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V Sola at FAST2025
time resolution [ps]
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https://indico.cern.ch/event/1445926/contributions/6487554/attachments/3072195/5435293/vs-ETL-FAST2025.pdf

More on the LGADs for the CMD ETL

Design Constraints from the CMS MTD

Need to withstand 2 x 10"° neq/c:m2 in the innermost
region over 3 ab™, still deliver 8-10fC for readout at the
end of life

< 30-50 ps contribution from the sensor, limits active
depth to 50um with a gain of 10-30 and pad size ~
mm? to minimize pad capacitance

HPK2 — Beta source

H ¥ Split 1 pre-rad & Split 1, 8e14 ¢ Split 1, 1.5e15
H % Split 2 pre-rad & Split 2, 8e14 ¢ Split 2, 1.5e15
Split 3 pre-rad Spilit 3, 8e14 Split 3, 1.5e15
H ¥ Split 4 pre-rad & Split 4, 8e14 ¢ Split 4, 1.5e15
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https://indico.cern.ch/event/1445926/contributions/6487554/attachments/3072195/5435293/vs-ETL-FAST2025.pdf
https://indico.cern.ch/event/861104/contributions/4514660/attachments/2306142/3923370/vs_ETL-TB_Pico2021.pdf
https://indico.cern.ch/event/861104/contributions/4514660/attachments/2306142/3923370/vs_ETL-TB_Pico2021.pdf

Sensors for timing at Muon Colliders

Positional Resolution of a few um
Can be achieved without charge sharing with

small pixels and staggered layers
(p/2)/12

Easier to reach with charge sharing and larger

pixels

Temporal Resolution of ~20 ps
Required for effective occupancy ~1%
Has been achieved in several designs

Pixel pitch down to 25 um
Required for effective occupancy ~1%
Standard LGADs face fill factor challenge due
to field stops

Aug 8 2025 Murtaza Safdari | Deep Dive on Timing Detectors

Good fundamental properties
Uniform fields through the pixels
Fast rise times and low noise
Fast reset time due to constant influx of BIB

Radiation Hardness
HL-LHC levels of exposure at 10'° neq/cm2
Ensure BIB exposure doesn’t degrade timing
performance beyond acceptable signals

System level integration complexity
Minimizing cross-talk and coupling

Keeping the material as low as possible

FERMINATION/
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Recent talks highlighting latest developments

MOnolithic Stitched Sensor

HEICE First wafer-scale stitched sensor

Trench Isolated LGADs

' '
No-gain region ~ gain structure

10 Repeated Sensor Units (RSUs)
Top half unit
* 22.5 ym pitch

* 256x256 pixel matrix

HU top
Bottom half unit \

p-type bulk Telectrons

* 18.0 ym pitch HU botom

* 320x320 pixel matrix

lholes "
Each half unit has

« independent powering

s

E field p-type contact * 4regions (with different front-end)

« stitched back-bone of LEC readout

@ Trenches substitute the isolation structures
@ Trench width about 1 um = fill factor close to 100%

U Savino at FAST2025

[G. Paternoster et al. IEEE EDL Vol 41 Issue 6 (2020) 884»887]5‘

M C Vignali at VCI2025

hutp ofinit/ ARCADIA/index.php/en

Monolithic sensors - ARCADIA sensor concept gg-,,_‘?@%%'aé

M. Geniis Vignali LGAD Sensors and their Applications 20022025 19

ARCADIA monolithic active pixel
Results on time resolution of TI-LGADs

chlch4chg
—e—— AIDATI-LGAD W1 CellC TS1 126 (0.3)

FERMINATIONAL A

= AIDATI-LGAD W1 CellC TS1 126 (0,2)

-+ AIDA TI-LGAD W1 CellC TS1 126 (0,1)

(from o) [ps]

- AIDATI-LGAD W1 CellC TS1 126 (0,0)
TREF1 (0.1) 180 V )
—T T T T T T T ARCADIA ER3 production:
L passive and monolithic structures
Lfoundry CMOS 110nm with different active thic 48 pm - 100 pm - 200 pm
Fully depleted monolithic sensor from the bottom = fast charge collection by drift
Add-on p+-gain layer below the collecting electrode = avalanche process
in from detailed simulations:

DESY test beam
i vc{a:ta‘at4 Geyv

e

Time resolution (from o) [ps]

Trench Isolated LGADs
Monolithic Active Pixels

L L P I T P |
01 02 03 04 05 06 07 08 09

Kerp

Summary

- Prototype for timing application in 110nm technology design in the AR(

Z
Unirradiated TI-LGADs biased at 164 V show time £
resolution of ~46 ps with no track information B

n of devices with low gain = 2.
= 130ps (Electronics + Sensor) but high substrate current

P Shorted floating guard ring on multiple samples using FIB

Substrate current: 2 orders of magnitude lower
P Laboratory acterization of structure with improved gain

Gain of the sensor between 5 and 13
P Total time resolution below 90ps (@ 0.18mW/ch)

Sensor time resolution = 75ps

Sensor time resolution of = 75ps measured at DESY and compared to what was found at CERN 4. Step

| Irradiated TI-LGADs biased at 400 V show time
\_ resolution for 1.5 x 10" n_ /cm? of ~58 ps with no
‘ track information

| Velkovska at TRENTO2025
G Gioachin at FAST2025

Aug 8 2025 Murtaza Safdari | Deep Dive on Timing Detectors 15


https://indico.cern.ch/event/1445926/contributions/6507516/attachments/3071137/5433164/FAST2025_Gioachin_v04.pdf
https://indico.cern.ch/event/1445926/contributions/6487550/attachments/3070052/5431080/FAST2025_Savino.pdf
https://indico.cern.ch/event/1455346/contributions/6322682/attachments/3006650/5300627/Iskra_Velkovska_poster_AIDAInnova_TRENTO_2025.pdf
https://indico.cern.ch/event/1386009/contributions/6279046/attachments/3018318/5325061/lgadsAndApplications.pdf

Recent talks highlighting latest developments

L. TmeSPd The Design & Fabrication of 4H-SiC LGAD by LBNL and NCSU
| 3D @ BK tlmlng: from columns to trenCheS e Pﬁ Based on 6-inch 4H-SiC wafers with custom epitaxial stacks

+ 0.5 um Gain layer with doping concentration from 2e17 cm? to 5e17 cm?, which target the electric filed between 2 MV/cm to 5 MV/em.

. + Theidea is to use a 3D based on trenches instead of
hort inter-electrode columns in order to obtain a more uniform
distance (d<<L) electric/weighting field between electrodes

‘ This reduces the dependence of timing on the impact

position of particles

+ Etched-Termination isolates the segmented devices.

4H-SiC DC-LGAD

extremely fast signals

Planar sensor 3D sensor Bias electrode

d=L d<<L Readout electrode

M Boscardin at VCI 2025
T Yang at DRD3 Week?2025

VCI 2025 Vienna 17 - 21 February 2025

DIAMOND DETECTORS

The current challenge in the field of solid-state detector development is to design devices capable of operating under
extreme radiation conditions. Two key aspects must be addressed: excellent timing performance and high radiation
resistance. r

An optimized 3D sensor design for 4D-Tracking

Electrode shape optimisation to increase signals uniformity along the sensor volume

3D Sensors
FERMINATIONAL AC

5 columns 3D trench

Current signal is defined as
° E,, uniform by design

[

Weighting ld (tcm)
e DIAMOND IS AN INTERESTING CANDIDATE!

« High radiation tolerance

High charges mobility and saturation velocity
Solar-blind

Operable at high temperatures

3D geometry thanks to graphitization

P
.. ® . Velocity saturation

NOT THE ONLY ONE!
LGAD (Valentina Sola), RF PMT (Simon Zhamkochyan),
HRPPD (Alexander Kiselev) (Talks of this morning!)

Diamond, 4H-SiC, etc

K A TCAD Simulations Vbias = ~ 150 V

Simulated charge collection curves for MIPs uniformly crossing a pixel over its active area
TCODE Simulations

Shorter and much more uniform
charge collection time for the
3D trench geometry

Hole mobility (cm?/V x

Electron saturation velocity
uration velocity (cm/s)
dislocation (eV)

3D trenchfi.
o A. Loi, Design and test of a timing optimized 3D silicon sensor..

Cotlecting sectrode
1)

20-Feb-25 A. Lampis 2

A Lampis at VCI2025

C Buti at FAST2025

19/05/2025 FAST 2025
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https://indico.cern.ch/event/1507215/contributions/6540485/attachments/3080949/5453468/20250603_TaoYang_3rd_DRD3_Workshop.pdf
https://indico.cern.ch/event/1386009/contributions/6279095/attachments/3017445/5322280/Boscardin_VCI2025.pdf
https://indico.cern.ch/event/1386009/contributions/6279107/attachments/3018194/5324038/3D10e18_VCI2025_ALai.pdf
https://indico.cern.ch/event/1445926/contributions/6495192/attachments/3069879/5432865/FAST2025_Buti.pdf
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CMS Endcap T
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CMS Endcap Timing Layer

2 hits per track, 50ps res. per hit, 35ps res. per track

What are the main constraints on this design?

Low Noise

This is crucial! 30ps intrinsic (Landau) resolution from LGADs
also limits ASIC contribution < 40ps

Low Power

Thou shall not fry your detector! Cooling capacity limits power
consumption to < 1W per chip, 4mW per pixel, 240mW/cm?

Radiation Hardness
Must withstand 100MRad over the 3000fb™! of HL-LHC

Sensitive to small LGAD signals
Around 10fC per MIP towards end of lifetime of LGADs in ETL

Synchronized precision timing over ~33k chips, ~8.5M
channels...

Aug 8 2025 Murtaza Safdari | Deep Dive on Timing Detectors
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CMS ETROC

Long Journey to the full sized chip...

Sept 2018 Dec 2018 May 2019 Aug 2019 March 2020 May 2020 July 2021 Sept 2021 ...

—> covid
Project started ETROCO!" submitted ETROC1[ submitted

ETROC2: 8x8 - 16x16

Decision to go for full size full functionality ETROC?2,
Delay submission and add few test chips ...

AFE 1.6 - 2.4mW / px s —— ETROC-PLér: /

Preamp + discriminator + TDC 2 ; 2
4x4 H-tree clock distribution ASIC submitted 12C Test chip submitted

>

Waveform Sampler

Total of 7 small chips, all-stccessful 8 channel ADC RS Rad-hard version of :
T T

Single channel Waveform Sampler L.l .
ADC submitte (WS1) submitted - (WS2) submitted e
S TUAN - I .

L
| W IRY

FERMINATIONAL ACCELERATOR

AFE 1.6 - 2.4mW / px
TDC 0.1mW / px

2.25mm

All analog blocks have been silicon proven in test chips;
ETROCZ2 FPGA emulator: has verified digital readout and system interfaces

Design team: FNAL/SMU/LBNL/UCSB
Testing team: FNAL/SMU/UIC/UCSB/Lisbon/IFCA/KUL with students from KSU/KU

Aug 8 2025 Murtaza Safdari | Deep Dive on Timing Detectors



CMS ETROC

Extensive Characterization Campaign with the full sized ETROC2 chip ‘

Oct Apr May Aug Sep Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Dec Feb Mar Apr May Jun Jul Sep Nov Dec
22 23 23 23 23 23 23 24 24 24 24 24 24 24 24 24 24 25 25 25 25 25 25 25 25 25

———
ETROC2 ETROC2 W_/ ETROC2.0 ETROC2.0 ETROC2.01 ETROC2.01 ETROC2.01 ETROC2.01 ETROC2.03 ETROC2.03 ETROC2.03 ETROC2.02 ETROC2.02
Submit Received CERN TB DESY TB DESY TB DESY+CERN DESY TB CERNTBx2 DESYTB DESY TB DESY TB DESY TB DESY TB
ETROC2.0 Hardware Overhauled Added syst. HV Scan HV Scan HV Scan High v Low BB Yield Test CERN TB CERN TB
Ext functional comm., telescope + new | control & cooling HPK Split-3 FPK UFSD4 BB Yield Test Power Scan, BB Yield Test
Software dev. for  eqting of bare o = 40-50ps DAQ stack AIDA Int. WS Testing At CERN
initial testing and  ETROC2.0 chip, observed SEU test, HI ETROC2.03 Wafer probing At CERN
multiboard DAQ |ntial multiboard SEU test, HI SEU test, p* At Fermilab Climate ch. Wafer probing

DAQ. . Testing with
ETROC2.0 ETROC2.01 Firmware ETROC2.01 ETROC2.03 At CERN system level ETROC2.03 ETROC2.02

Event builder dev for ~ SEU test, p* improvements & SEU test, p* Initial Tests ; : + CERNTB
At CERN X A ) TID Testing firmware and SEU test, p
TID Testing, Sync multiboard DAQ ETROC2 stress -25C Cooling prep, Climate ch., software
At CERN testing Laser testing
ETROC2.01 TID testing At DESY ETROC2.03 ETROC2.02 ETROC PRR
Received Climate chamber. AIDA Integration SEU test, HI Initial Tests
Wafer probing,
Laser testing

-

Climate chamb.,
Wafer probing,
Laser testing

FERMINATIONAL ACCELER

Takes a long time to validate the performance of a precision timing
chip, often involving a very heterogeneous testing campaign

ASIC design must also incorporate elements of the full system
hybridization, and must have flexibility to adapt to design
modifications

Aug 8 2025 Murtaza Safdari | Deep Dive on Timing Detectors 20



CMS ETROC2 Performance

CMSETL ETROC Test Beam BB 1-3 + HPK Split 3 W16 P6; Cooling @ 23°C

Disc threshold=20 @ DESY

Disc threshold=10 @ DESY

Disc threshold=20 @ CERN 120 GeV it *
Disc threshold=10 @ CERN 120 GeV i *
Disc threshold=20 @ CERN 180 GeV i *
Disc threshold=10 @ CERN 180 GeV i *
Bias Current

HPK2 — Collected Charge — Beta Setup
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Sensor under consideration here is
HPK2

ETL Spec |

FERMINATIONAL ACCELERA

Successfully reproduced ~35ps res. with this
board. Results from CERN 120-180 GeV &*
agree with those from DESY 4 GeV e beam

0
140 160 200 220 240 260

Bias Voltage [V]

Total typical chip power consumption
is below 800 mW, well within the
design constraints on the ETROC
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ASICs for timing at Muon Colliders

Scaling of TDC Performance with Smaller
Technology Nodes

Aug 8 2025

Higher speed and lower power consumption at
the transistor level, higher channel density
Process variations, reduced voltage headroom,
higher operating frequencies and jitter require
new solutions for scalable timing detectors

Power Density and Heat Dissipation
Power Delivery Network will be a big challenge
with smaller nodes and higher channel density
Cooling! Current gen detectors have
~4dmW/channel, which is orders of magnitude
more than trackers at ~10uW/channel.

Radiation Hardness

Murtaza Safdari | Deep Dive on Timing Detectors

Increased Complexity and Integration
Design and verification will be trickier.
Interconnect and routing more difficult with
signal integrity and routing congestion

Development cost and yield for smaller
and more cutting edge nodes

System level integration complexity
Precision clock distribution
Power distribution
Minimizing cross-talk and coupling

Streaming Model for DAQ?

22



Selection of past talks highlighting latest developments

MAPS

Improved timing (examples):

- The MONOLITH project demonstrated 20ps time !
M A PS resolution in a monolithic silicon pixel detector
(130nm SiGe BiCMOS technology) without internal

gain layer

ARCADIA: adding a gain layer to standard CMOS
MAPS (110nm CMOS L-Foundry) 10-20 ps
resolution is possible

o Radiation hardness (example):

- MALTA: Tower Semiconductor 180 nm CMOS
imaging process demonstrated full efficiency
up to 105 1MeV neq

More developments starting with 65 nm CMOS
imaging process

Challenges consists mainly in achieving all the goal
performances (low mass, resolution, timing, rate, data
density and radiation hardness) in a single device at a

reasonable power consumption. ) : ) L - ‘ 3 D I nteg rati O n

S. Jindariani, 2023 IMCC Annual Meeting Substate voltage [V]

Sergo Jindarian

Pixel

First Timepix4.1 TSV with Silicon Sensor
R AR R R T = w vy

4, Chip back side
- -

0O Analog frontend in deep n-well shared between column pixels
® Analog section uses about 40 % of the 50 um pixel area
QO Digital section includes:
= TDC performing both TOA and TOT measurements (based on
silicon demonstrated design: see Julian’s talk [1] and Larry’s talk from
last year [2])

= Readout logic
O Decoupling caps (plenty in the 100 um pixel version)

Frontend Specification
Total Power Density 1W /cm?
Power 50x50 um?2 25 uW

Time of Arrival (ToA) Jitter 10 PSyms Jitter specification is paramount

Min Signal for ToA Jitter
Max Signal

Dynamic Range
Recovery Rate TWEPP-24 G »
Topcal Vorkshop on lectranicsfor Paricle Physics
LGAD Input Cap. Approx. | =5 IG I I E
Istta

FERMINATIONAL

Jowards the future: What can 3DIC VERTICAL INTEGRATION help?
=> repartition the design blocks into multi-tiers > VTROC

“Versatile, high-density, high-yield, low-capacitance
3D integration for nuclear physics detectors” (phase 2) First result with
For Proof-of-principle demonstration: o —

Phase Il SBIR (EPIR-Fermilab) award:

* 250um x 250um pixel source!

+ 8x8 pixels Sensor: for example, small-pixel AC-LGAD

Bojan Markovic

Amplitude Accuracy

ke i s Nckar

Francisco P Diaz

INFN Ground-up iNiTiative for | Electronics  evelopments Vertically integrated chip

Front end preamp +
discriminator +
charge injector

done

Task period

, results on the Ignite-0 test ASIC in

Detector:LGAD  Phase 1 (67 ACAGAD Phase 2 Low power TDC +
H-tree clock distribution

Front end preamp
+discriminator +  Phase 1
injector Circular buffer
e Readoutcfcut  Phase?  mmm—— memory array
+readout logic

PCB:ACIGAD  Phase2

Low power TDC ““Phase 2

PCB: LGAD Phase 1

glanmatteo.cossu@ca.infn.it

> providing separation of low-noise m digital blocks

on behalf of the IGNITE collaboration

Interconnections made by TSVs and Dir t (DBI)

Gian M Cossu
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https://indico.cern.ch/event/1381495/contributions/5988703/
https://indico.cern.ch/event/1381495/contributions/5988501/
https://indico.slac.stanford.edu/event/8288/contributions/7645/attachments/3568/9948/ETROC-CPAD-2023-v2.pdf
https://indico.cern.ch/event/1250075/contributions/5349854/attachments/2670273/4630527/IMCC_DetectorR&D_Jun2023.pdf
https://indico.cern.ch/event/1381495/contributions/5988499/attachments/2938055/5161380/Ignite_results_on_microelectronics_gmcossuTWEEP24.pdf

Is this where the future lives?

4 N

e Minimizing signal path length and parasitic

MAPS capacitance at the pixel level.

e Small signal amplitudes easier to deal with
optimized analog front-end design tightly integrated
with the sensor

e Integrating components and simplifying local power
routing, less localized heat sources in this layer.

\_ ) 3D Integration
<
iz
. N . /- Efficient heat removal pathways (microchannels or \ I;:
P =1 R 2| Tunction, thermal vias) closer to or in between the heat sources =
thereby lowering the overall heat generated by the most ‘ . : S
complex layers. e Shorter, lower-impedance power and ground paths x
e Faster digital processing and higher clock speeds with through the stack. Shorter, more direct clock routing L
improved power efficiency. paths with reduced skew across the chip
e May provide the transistor density and performance e Stacking multiple layers of electronics vertically can help

needed to implement sophisticated radiation-hardened
digital logic and error correction schemes efficiently in
terms of power and area.

with footprint
e High data rates due to high-bandwidth, low-power

e Possibly allows for more complex on-chip circuitry for vertical interconnects between layers.
advanced techniques, sophisticated power management, e Possible noise reduction allowing physical separation
and clock management units within the digital layers, all and shielding between sensitive analog layers and noisy

while contributing to lower overall power. \ digital layers. /
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https://indico.cern.ch/event/1381495/contributions/5988703/
https://indico.cern.ch/event/1381495/contributions/5988501/
https://indico.slac.stanford.edu/event/8288/contributions/7645/attachments/3568/9948/ETROC-CPAD-2023-v2.pdf
https://indico.cern.ch/event/1250075/contributions/5349854/attachments/2670273/4630527/IMCC_DetectorR&D_Jun2023.pdf
https://indico.cern.ch/event/1381495/contributions/5988499/attachments/2938055/5161380/Ignite_results_on_microelectronics_gmcossuTWEEP24.pdf
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CMS ETROC

1

Charge 1
Injection | — L1 trigger

|

|

Discriminator

Bump Pad
Local Ref Strobe—T
Slow Control Clock——
RO Test
\ Pattern

Dec 2018

ETROCO submitted

FERMINATIONAL ACCELERATORLABORA

Waveform sampler

Roubl _
Ao, T

AFE 1.6 - 2.4mW / px
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CMS ETROC

Charge
Injection

Discriminator

Bump Pad

Local Ref Strobe —T
Slow Control Clock——

—> L1 trigger

\ /

RO Test
Pattern

.

Aug 2019

ETROC1 submitted

TR

A S T

Waveform sampler

AFE 1.6 - 2.4mW / px

TDC 0.1mW / px
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ETROC2,21 mm x 23 mm
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CMS ETROC - TDC Design

Charge
Injection

Bump Pad

—> L1 trigger

Discriminator

Local Ref Strobe—T
Slow Control Clock——

RO Test
Pattern

Aug 8 2025

N,-N,=(1/f)/At

1/f: Clock Period
At: Average Bin Width

Murtaza Safdari | Deep Dive on Timing Detectors

Several design features aimed at reducing power compunstion
and complexity while retaining good performance

e Delay line based TDC with uncontrolled delay cells

e PVT Effects calibrated with Self-Calibration scheme

e TOA bin size ~ 18ps, TOT bin size ~ 36ps

e Power Consumption limited to 0.1mW at 1% occupancy

FERMINATIONAL ACCELERA




ETROC - Beyond The Timing Precision

ASIC Design must incorporate features that make the detector operation feasible

Automatic Baseline Calibration 2.56GSps Waveform Sampler

6b CDAC,
fexta
|
Asynchronous
Logic

A
= 5
Discrim. Pulse .l.l.l._ll .

Output Memory(52K)

Study LGAD signal shape evolution with
TID, etc with 33k oscilloscopes across ETL!

FERMINATIONAL ACCELERATO

ET2p01_PT_NH9: NW (DAC LSB)
CMS ETL ETROC -05- :01: CMSETL ETROC 2025-05-11 03:01:09
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ETROC - Beyond The Timing Precision

ASIC Design must incorporate features that make the detector operation feasible

20.8 mm

li ! 'ﬁ}eshbld“\\
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= _ _ 5
{; = 256 Unique time =
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[ o
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ETROC - Beyond The Timing Precision

ASIC Design must incorporate features that make the detector operation feasible

Bar 4 Delta

We only need 1 pixel’s!

TDC Self-calibration with double strobe method
helps eliminate PVT variations across the 16x16
array of pixels

This also means each of the 16x16 pixels is
expected to perform identically once the self
calibration is applied to each pixel

CMS ETL ETROC Test Beam 180 GeV (m*) at CERN SPS H8 | BB 1-3 HV200V 0S:20

‘s

T o e T e & e
BN PPL AP H® SN PN AR PR P
SUREEEERE S 0T 8 Y B

4 GeVe at DESYTB
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