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Motivation:

Need for a precise track timing and
radiation hardness in HL-LHC
experiments
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LHCb Upgrade 2 FTDR
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

LHCb Upgrade 2 FTDR
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

Semiconductor detectors - in a nutshell

H b : d = current predominant detector concept
y rl - vertex detection & track-timing
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metal pad
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Separate sensor & ASIC = intercon. hybrid detector
sep. R&D and manufacturing process

Efficiency, spatial and timing resolution

Material budget

Interconnection and minimum achievable
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Semiconductor detectors - in a nutshell

: - current predominant detector concept el - future detector concept
Hyb"d - vertex detection & track-timing MOnOI Ith IC CMOS - vertex detector & tracker

frontend
circuitry
--metallization

Si-oxide
passivation

. -n-type implant
sensor e, ! sensor . :
thickness absorption * ----D-type sensor thickness p-type implant
% B n-type sensor
----p-type implant n-type implant
solder bump - 5 - -metallization
metal pad

pixel frontend

Sensor and readout electronics fully integrated

pitch > -> Adapted industrial manufacturing technologies

Separate sensor & ASIC = intercon. hybrid detector S _ _

sep. R&D and manufacturing process Simplified, cost-effective construction

Low capacitance, high signal/noise, low power, low

Efficiency, spatial and timing resolution material budget

Material budget Complex in sensor

Interconnection and minimum achievable Complex & proprietary design rules
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Semiconductor detectors - in a nutshell
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Low Gain Avalanche Detectors (LGADS)

++
n Cathode

- Benefits of intrinsic charge multiplication

|
|
|
» Improved Signal-to-Noise Ratio i
« Excellent timing capabilities (~ 40 ps) for thin + E
LGADs (~ 50 pm) hi P |
+ Low energy X-rays detection (< 5 keV) f,-e}g: delectf'ic \ re -_;7
» Y Performance degradation with hl;ql,/% Ve to D A 1N :
radiation damage Sain /ayZOPed R i
« Challenging performance uniformity with r /1 ' E
|
|
|

small pixels
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LGADSs on 4H-SIC silicon carbide:
Future of track-timing detectors?
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Re-discovery of Silicon-Carbide

\\I{

Ionization [ 1 Si Ferr
+ Wider bandgap of 2.4 < Eg < 3.3 eV compared to Si (1.2eV) energyleVl 1 4msic
o Adva ntages Displacement ] Diamond
Energy [eV] [ 1 GaN

« Lower dark current

» Excellent temperature stability (up to 300 °C)

« High radiation tolerance

» Material hardness (resistant) Band Gap [&V)

- Disadvantages
» Lower signal (48 e-h pairs/pm
« Difficult to manufacture
. Material hardness (hard to dice, easier to shatter) Field (MV/em)

Electron Saturation

- Affordability due to advancements in the automotive industry Velocity [107 cm/s]
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Availability thanks to onsemi

Onsemi invests 2bn $ in SiC fab in

Roznov, CZ

- Silicon sensor manufacturing for ATLAS A w
detector LSS 14
- New SiC design center in CZ e
+ Multiple common project developing SiC
detectors segmented SiC LGAD
‘e ;
onsemi
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LGADSs on SIC - design

 Diode 3 x3 mm2 used for R&D

- Comparison no-gain and LGAD
« 30-100 pm EPI grown on 4H-SiC substrate

* n-type bulk

————— -
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LGADs on SIC - design

 Diode 3 x3 mm2 used for R&D

[

Active area

MHE
114

by
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Electrical characterisation
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Electrical characterisation - results

Current-Voltage
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Transient Current Technique (TCT)

TPA-TCT setup at CERNSSD [ araday e W /

7

Inside the Faraday cage

D [

FYLA laser module L ’
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Pulse management
(with SPA reference)
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Laser output pulse properties:
. approx. 430 fs width

. pulse frequency 8.2 MHz to single pulse
. pulse energy up to 10 nJ

. central wavelength 1.55 um

IR camera

Laser path

IR microscope
--------- Alignment laser
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Signal [V]

Transient Current Technique (TCT) - results
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Gain [W19 PIN 21 charge]

Transient Current Technique (TCT) - results
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Gain in range of 10-80, non-calibrated signal
PII-__I(Y)gICS response down to 20ps
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Beta-so

Agilent E3631A

7 SRR

| +12Vin

BEREEE

‘il Agilent DSO 925A "¢
# | 2.5 GHz 20 Gs/s

i "

urce tests

RF-CAGE 2

Binder MKT 115
T .. [-70, +180]

Climate Chamber |[T=-30C

« Each sensor
individually read
out with current
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Signal Out

sensitive
+ BiasT
* Triple coincidence
fﬂittltlgodgz’ngt?se%gzgfibg Robert Loos fo r t h e
Further improvement:
Marcos Fernandez Garcia and Julian Boll o
Curras Rivera: Advanced silicon O S C I I I 0 S C O p e

sensors for future collider experiments

trigger
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https://cds.cern.ch/record/2291517?ln=en
https://cds.cern.ch/record/2291517?ln=en

Beta-source tests - results
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Gain

Beta-source tests - results

Gain comparison

Timing-from

-coincidence
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IN733- 3 LGAD1 matches TCT calculated gain, particle detection down to 100 ps!!
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Future of track-timing detectors..? FQRTE

PHYSICS url: FORTE

FOR
» LGADs provide improved timing FUTURE

» Reduces pile-up url: P4F Onsemi

 Not as radiation hard on normal silicon (\ I url: OnSemi
nstitute O YSICS
N FZU 6
] ] url: FZU
« SiC as an alternative é@A

« Radiation hard ? - to be investigated!
CZECH TECHNICAL VAPADS

e On a path to reach the same Aa- ks |/

performance url: CAPADS
« UV detectors?

* ... R&D still necessary but promising!

CTU
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https://www.onsemi.com/company/news-media/press-announcements/en/onsemi-selects-the-czech-republic-to-establish-end-to-end-silicon-carbide-production-for-advanced-power-semiconductors
https://capads.fjfi.cvut.cz/
https://fzu.cz/
https://p4f.fzu.cz/
https://opjak.cz/
https://arxiv.org/abs/2503.07490
https://arxiv.org/abs/2504.09264
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