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Physics

Detector requirements

Environment

 flavour tagging, low pT tracking, vertex/jet charge determination ¢ bunch separation 20 - 3000 ns (except CLIC: 0.5 ns),
* momentum resolution, tracking efficiency, track separation, power pulsing@ linear colliders, not @ circular ones

low pT fake track rejection
* (up to tertiary) vertex resolution few pm

* momentum resolution (;"QT ~2x107° GeV !
T

Detector Requirements

* largeleverarm 2> R_., R, ..

e coverage [cos 0] <0.99 (= n>2.7?)
=>» large area (Si Wrapper@IDEA: ~90 m?)

* single point spatial resolution:
 ~3 um for vertex detector
e ~10 um for tracking detector
* time resolution: ~1 ns (<100 ps for TOF layer)

* beamstrahlung (i.e. beam induced background)
high for linear, low for circular colliders

radiation hardness: O(100 kRad/yr) & O(10'1) Neo/ YT

low mass: 0.1 -0.2 % X, per layer

(+ beam pipe ~0.14% X0@ILC or ~0.3% XO@FCC)

—> gas flow cooling

=>» low power: <50 mW/cm?

low mass services

=» power distribution, data rate (silicon photonics?)
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adapted from A. Besson

Power requirement conflicts with all other parameters
* Low material = Baseline is air flow cooling
=» max. power density not quite clear: 20 - 50 mW/cm??

- Power Analog W/ ediin) 49>
* Driving parameters abi Bl Rt K o

1
Power Bias (W chip) 4.5

* number of channels = pixel pitch, single-point resolution p E’;]:';;ﬂ”hﬂ: 12'.:'11;-5:.-:'1';1:'5 el

* charge collection speed = time resolution Power PLL (W /chip) 185
. . Power Serializer With Data (mlV )/ chip) R (M

* data rate = on-chip and off-chip data transfer Bower Scrinlizer With Na Data (mW /chip) i

° tOtaI su rface Power LVIDYS (il efeip) i

e Power sharing

* Analog part: 25-50% —> pixel density, charge collection speed

» Digital part: 25-50% > on-chip data transfer, clock frequency

e Qutput driver: 25% CLICdet

=>» Architecture optimization crucial

e priority encoding, asynchronous design, etc
=» Technology: 180nm to 65nm ~50% power reduction
=>» Disk layers might hinder air extraction
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Number of common topics to be addressed, but all detector concepts include different Silicon detectors:

* Vertex detector
* Tracking detector
e TOF layer for particle ID

=>» Development can (should?) be split into
* extremely high performance: improve space and/or time resolution
* single-point resolution £ 3um non-trivial today
e timing at small radius very challenging: O(1ps)
* high performance, large area: reduce cost per area
* |ower hit density and longer TOF at large radii
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Large number of development lines - a selection

And probably many more...
Apologies to all | forgot!

# o

TANGERINE (DESY)

-9 A\\.
ARCADIA MD3 cosmics telescope

=

CE-65 (IPHC) |

OBELIX-1

&
®
c

<

10 Pads and Regulators

Most focussed on monolithic detectors
But: Hybrid detectors are not dead!

Digital Periphery
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MNWELL
MNMOS PMOS COLLECTION

Spatial Resolution (RSB el | :
/ Standard 3 .

Resolution in each layer depends on 15 um B3 i -
* Pixel pitch € ———mmm—— - _,.: — $ b i
* most prototypes: 10 - 35 pm rommae P o2f- DE——

* in conflict with in-pixel functionality _ "= 5Numbe,;':selectedpie.sbydec%;smgch;',‘;e 0

Entries (normalised)

* Charge deposition = sensitive layer thickness
e epilayer thickness ~10 um
 DMAPS thickness 50 pum

Sigma vs Digitisation (residualsX)

. . — —— 02 [ L I T 1 T T ] L L) I T 1 1T 1 I T 1 1 T I LI B B LI B B ) I L T ]
Charge Sharmg E 36f ' ' ' ' E § = ALICE ITS3-WP3 beam test preliminary Chip : CE65 (MLRU ' 3

. . . = + ] < 0.8 :,_ GCEHIN S sy 302210 Gavie : Process : std- AIrnod_gapB(spln 4)_,'_‘

* charge cloud width vs pixel pitch @ . f ] E oF i | e

. ] K . ] 8 X — R al IS S .M:mp Hv;mv‘r - —]

L : > = L ] - o i 0C amp- | E.w,.@w o j

° Charge encoding o 33:_ ] E 0.12 ;_ B é’ ‘;; .......... R lengbyGaussranrunctron"j ....................... -
. r + 0.1 - E ~ —=—— mod_gap-B(15 um) AC amp. (u 4me

° # ADC b|ts 321_ ] “E . —e— mod_gap-B(15 um) DG amp. (6 = 4.1 pmf]

T ++ ] 0.08 F— —— mod_gap-B(15 um) SF (o = 4.0 pm)‘---—-_-_

E ] - -0 -~ std-A(15 um) AC amp. (o = 3.1um) =

3-1:‘ ] 0.06 = 7 --o-- std-A(15um) DC amp. (o = 28 p)

~ . - ) | ) | 1 0.04 F- -o-- std-A(15um) SF (=28 pm)

=> 0,, ~ 3 um seems achievable e R N - | 3
Digitisation bits 0.02 -~ i i —

) : 0 1 IO BT B |

PhD G. Sadowski ) 30 % ) “0 %0 20

Xirack ~ Xcluster (um)
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. . . ATLAS HGTD Preliminary
Timing Resolution "
& 60
Many applications < \\g\:
* TOF particle ID 3 w0 | eHpcr2was \\
. . b = FBK-UFSD3.2-W19
° plle-up suppression T ecNM-R12916-W1
. - . £ 5 +IHEPIMEVI-W1  ®,=2.510" cm? (reactor neutrons)
* tracking pattern recognition, shower analysis E % e MEvzwra2
. . . 10 NDL-V3-B14 =-30%
° phyS|CS Of |Ong-|lved pa I’tIC|eS . --USTC-IME-V1.1-W11 JSrae(I)egtrons
Bias Voltage[V]

Oiotal” 35 PS demonstrated by ATLAS HGTD and others

Directions in R&D g0 T T T T —I_

* LGADs, e.g. Resistive Silicon Detectors éﬂsz-% T 1
¢ LGADs with continuous gain layer R e L
 charge collection through resistive n-layer 2 00 %g - o o ILGAD . jotem
* hybrid 3D silicon detectors - 75 T e L
e CMOS detectors with gain layer TN | b i e .
R L -

E. Curras, VERTEX 2020

N. Cartiglia, TF3
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Large Area

Since there is some confusion in DRD3...
These detectors don’t need ultimate performance but high yield and

production capacity (at the vendor and when building modules),
affordable cost, efficient connections and services

* reduce production cost for “classic size” sensors
* hybrid passive CMOS sensors (pixel & strip)—> production,
interconnection (wafer-to-wafer bonding, etc)
* monolithic active CMOS strip sensors
e wafer scale sensors
» stitching (+ bent sensors) = ALICE ITS-3

* post-process RDL (Belle Il iVTX Upgrade: 4 sensors per self-
supporting ladder)
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Power Consumption Brief considerations about electronics: power

* some of the prototypes reach ~100 mW/cm? ““m
*  MIMOSIS reports 40 - 70 mW/cm?, o - e
ATLASPiX3_1 ~ 175 mW/sz . ALTIROC LGAD 130 1.3x 1.3 mm?2 ~ 40 0.4
* others estimate 10 - 50 mW/cm? % TDCpic PN 130 300x300 -120 e
* max allowable power density not very clear % I - s w55 o o8
* Mu3e (He cooling) reports AT <50 K detector temp wrt > — o = iz e -t
gas inlet temp for a heat dissipation of 350 mW/cm? : N T =[ES z
H o} miniCACTUS monolithic 150 0.5x 1 mm? ~ 90 0.15-0.3
e subject of DRD7.1 5@ P 715 R— — D B}
% Monolith méf(ﬁiﬁ’lic 130 SiGe 25 x 25 pm? = 75 40
=» limit not clear, but: the lower, the better - e -

Layer O 0
. . 0 . 20 Measured temp, of Layer 1 Ladder 7 for [y, = 1.65A
=>» need engineering support Q 2005
. . . ' g 40 3 o 175
—> thermal simulation crucial : ; z
o o g 2T
5’ 3" 05 81251 T
E 4 E 5 N L:: té; 10,0 fa-*'*-'
5 6 &
a 2 7.51
6 7 8 5 5.0 /‘
7 8 10 £
2 2.5 |
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Working Groups

WGL1 - Monolithic
silicon technologies

WG2 - hybrid silicon
technologies

WGS3 - Radiation
hardening

WG4 - Simulation

WG5S -
Characterization
techniques, facilities

WG6 - Wide bandgap
and innovative sensor
materials

WG7 -
Interconnection
technologies

WGS - Outreach and
dissemination

Working Packages

WP1 - CMOS
sensors

1.1 Spatial resolution

X

X

1.2 Timing resolution

X

1.3 Read-out
architectures

X
X
X

1.4 Radiation
tolerance

1.5 Low-cost large-
area CMOS sensors

WP2 - Sensors
for 4D tracking

2.1 3D sensors

x| x

2.2 LGAD

XXX

xR (XX

XXX |X|X

x (XX

WP3 - Sensors
for extreme

3.1 wide band-gap
materials

fluences 3.2 diamond-based
detectors
3.3 extreme fluence:
silicon detectors
WP4 - 3D- 4.1 integration: fast

integration and
interconnection

and maskless
interconnect

4.2 3D in-house post-
processing for
hybridization

4.3 Advanced
interconnection
techniques

4.4 mechanics and
colling

X| X | X | X

X| X | X | X
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Mapping R&D to DRDY7

6RD7 structure

WG 7.1 WG 7.2 WG 7.3
Data Density &

Power efficiency

Intelligence 4D & 5D
On-Detector Techniques

Projects Projects I

Projects

A

WG7.4
Extreme
Environments

Projects

Transverse WG 7.7 Tools and Technologies - -

-

WG 7.5 WG 7.6
Backend systems Complex

& COTS imaging ASICs &
technologies

Projects I

Projects

/J 11
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Si-D Consortium

CMOS detectors for particle identification
and energy measurement

HU Berlin, Heidelberg, KIT, DESY CMOS se

WP1: Position-Sensitive Monolithic Detectors WP2: Fast Timing
Dingfelder, Weber Garutti, Galatyuk
WP 1.1 LG:E"P 2.1
CMOS tracking detectors seq.sprs
Darmstadt, DESY, Frankfurt, Gottingen, Hamburg, KIT,
Bonn, DESY, TU Dortmund, FH Dortmund, Frankfurt, Mainz, GSI, HLL-MPG, MPP-MPG
Freiburg, Heidelberg, KIT, Siegen, Gittingen,
GSI, HLL-MPG WP 2.2
3D sensors
WP 1.2 Bonn, DESY, Freiburg, MPP-MPG

WP 2.3
nsors with gain layers

Freiburg, Heidelberg

WP3: System Integration and Simulation

Dierlamm, Karagounis, Masciocchi, Stroth

WP 3.1 WP3.2
Power management Optical data transmission
Aachen, FH Dortmund Wuppertal, FH Dortmund, KIT
WP3.4 WP3.5
Al strips on pCVD diamond carrier Reusability by on-detector intelligence
Frankfurt, G5I, Mainz FH Dortmund

23.05.2024

WP3.3

2.5D/3D integration
FH Dortmund, KIT, HLL-MPG

WP3.6
Radiation hardness and simulation
Frankurt, G5I, Hamburg, Heidelberg, KIT
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Si-D consortium covers all requirements
— Use it to consolidate collaboration: Production cost, person power
but also: specialization of groups
- Transport collaboration into DRDs = Start writing proposals

Rich R&D landscape
- Do we want to concentrate efforts now?
- If not, how do we decide, when to converge?
- Which technologies are worth concentrating on?
Process lifetime, industry interests, availability/accessibility of foundries, affordability now and in 20
years

With all the uncertainties, how do we keep experts interested enough until 20XY? Sustainability
- Huge (or no) competition with industry
- Low threshold contributions: MSc theses

Thank you for your attention

23.05.2024 FC@CERN - German Community Workshop
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T S T S = T

Bunch separation (ns) 330/550 20/99/3000 25/680 moderate time resolution
(except CLIC)

Power Pulsing yes yes no no very low power

beamstrahlung high high low low moderate radiation
hardness

Detector concept SiD ILD CLICdet CLD IDEA LAr Baseline IDEA

B Field (T) 5 3.5 4 2 2 2 3 2

Vertex det. Si Pixel  Si Pixel SiPixel Si Pixel Si Pixel  Si Pixel Si Pixel  Si Pixel

Vertex Rmin (mm) 16 16 31 ~12 ~12 ~12 16 16

Tracking det. Si Strip  TPC Si Pixel  Si Pixel DC/Si DC/Si TPC or DC/Si

(+RICH?)  Strip Strip Si Strip  Strip
Tracker Rmax (m) 1.25 1.8 1.5 2.2 2.0 2.0 1.8 2.1
Disks 4+4 2+5 6+7 3+7 3 2+6
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Brief considerations about electronics: power

mmmm
ETROC LGAD 1.3% 1.3 mm?2
ALTIROC LGAD 130 1.3% 1.3 mm?2 - 40 0.4
3 TDCpic PiN 130 300 x 300 um? ~120 0;?{}‘;2;;”:};
. . L. . S TIMEPIX4 PIN, 3D 65 55 % 55 pm2 - 200 08
Contributions to timing resolution: mespo] o s 5555 e 10
2 2 2 2 5
Utotal - Jdet + Jelec -+ crclock > FASTPIX monolithic 180 20 %20 pm? - 130 40
. .. <
Odet from Landau fIUCtuatlonS; oclock from clock Jltter g miniCACTUS monolithic 150 0.5% 1 mm2 - 90 0.15-0.3
9 9 9 % MonPicoAD menalithic 130 SiGe 25 x 25 pm? - 36 40
0_2 L t’r’is € ‘I‘ V;fhr _I_ TD Cbin E Monolith - gf’c’;iﬁ‘i - 130 SiGe 25 x 25 pm? =35 40
elec — z s
S/N S/trise RMS v 12
- - N S - >y
NV " a vV
Jitter timewalk TDC binning
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