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A bit of History E |rfu

We started around 2017 after being involved into LF-CPIX and MONOPIX strip detector for ATLAS-
ITK outer layers (possible backup solution)

At that time, 2 possible applications for sub-100ps timing detectors:
= ATLAS High n muon tagger (upstream forward calorimeter)
= HGTD in front of ATLAS-LAr
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First try with CACTUS:
- Yield correct, High break down voltage,
homogenous charge collection, deep depletion

® » depth
=—= i - Main problem with CACTUS: underestimation of
o C31V 3 S parasitic capacitance - bad S/N
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-Also coupling between analogic and digital part -
ringing of digital pulse
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- Version 2 of CACTUS called Mini-Cactus


https://arxiv.org/abs/2003.04102

MINICACTUS PROTOTYPE CHIP E Irfu

= MiniCACTUS is a small detector prototype designed in order to address the low S/N issue of
the larger size CACTUS

=  Main change in MiniCACTUS: FE integrated at column level, pixels mostly passive
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= FE parameters programmable through on-chip Slow Control

= 2 digital (LVDS) and 2 analog monitoring (slower than CSA output) outputs for 2 columns

Pixel Flavors :

Pixels 3 & 7 : 1 mm x 1 mm baseline pixels
Pixels 2,4, 6 & 8 : 0.5 mm x 1 mm pixels
Pixel 8 : 0.5 mm x 1 mm pixel with in-pixel AC coupling capaC|tor (20pF)
Pixels 1 : 50 pum x 50 um test pixel
Pixels 5: 50 um x 150 um test pixel

Analog Mon. Quiput

FE (1/pixel)

Laywc.)ut“o;‘ MiniCACTUS chip

U Front-end mostly optimized for 1 mm? pixels with peaking time of 1-2 ns @ 1-2pF (lbias_total=800pA = P = 150mW/cm?)
 Small pixels can be seen as test structures to study charge collection (no power optimized FE available)
L Some detectors thinned to 100um/200um/300um and than post-processed for backside polarization after fabrication
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CACTUS: FRONT-END n Irfu
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CSA architecture plus fast leading edge
discriminator. Bias and feedback currents
are set from outside by a 6-bit DAC for
fine-tuning
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Typical CSA transient simulation result
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fast 1ns input signal
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Rise Time (from 10% to 90%) ~0.9ns ~ 0.8 ns

Input Referred Noise ~ 290 e- ~ 220 e-
[estimated from AC simulations]

Jitter ~ 67 ps ~ 44 ps
[estimated from t,/(S/N) ]
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|,V Curve of MiniCactus
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Test Beam Setup (parasitic mode RD51):

- Period 1: October 21 for ~2 weeks
- Period 2: mid-may 22 for ~3 weeks

<
Muon beam some times Pions n Irfu

higher intensity which are difficult to

- Period 3 : Mid October 22 for ~2 weekg!se for timing because of pileup

SC+PMT MINI-Cactus

GEMA1
H4 BEAM n

yavuz.degerli@cea.fr
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& LeCroy WaveRunner 8254
3 with 10 Gs/s
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Many thanks to the RD-51
team, esp. Eraldo Olivieri and
Florient Brunbauer for the great
technical support !

ATLAS HGTD Week 23/02/2022



H4 North Area,
RD-51 beamline
at CERN in
parasitic mode

Sensor

Readout system




Typical testbeam events:
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Result from May 2022 testbeam campaign, RD-51 parasitic data taking (muons)
17 May-7 June 2022

After TW correction

DT MCPMT-MINI (ps)
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h DtMINIMCPMT
Entries 4243
Mean -0.5173
Std Dev 96.44
x2 / ndf 195.4 / 91
Constant 2474 +£5.0
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Sigma 65.3+0.9
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Collected charge is about 8 k
electrons (2.5 fC)
Improvements in Front-End
settings plus

HV increase give an
improvement of 23 ps w.r.t.
October 2021 testbeam results

MCP resolution not subtracted,
but we have checked it is
negligible (runs
MCP/PMT/MiniCactus)

65 ps time resolution measured
consistently on several runs
taken several days apart



Pixel 8;200um; Resolution versus HV .."]Irfu
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+ ® chip5;200um;BLRES3;VFOLL10 standard preamp parameter (obtained by CADENCE)
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SOLEIL

SYNCHROTROMN

Test-beam at Synchrotron Soleil
June and November 2022

Many thanks to Fabienne Orsini and Arkadiusz
Dawiec (Synchrotron Soleil)
for the beam time and the technical support !

Photon beam is bunched : 90 ps pulse length
every 2.6 ns

Allows to study energy and time response
Beams of 10 keV, 20 keV, 30 keV, 40 keV
available, attenuated to have ~ 1 photon/bunch

With X/yradioactive sources, only energy
response can be studied



Setup pictures
ol

Beam
direction

Data acquired with LeCroy
oscilloscope,
At 10 GSPS, 8 hits

MiniCactus



Typical waveforms
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Energy spectra
300 micron chip, pixel 18, 400 V
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Often get parasitic peaks, due to
fluorescence of PCB material



Peak position (mV)
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Results from Solell test beam

® CHIP5 (200um) 241Am BLRes=3, Vfoll=10
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Calibration comparison between Soleil data and 241Am X-ray lines
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Pixel position scan at 20 keV with photons
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Used a pencil beam (50 microns by 50 microns) to scan pixel

surface

No non-uniformity found



=5 mm

MiniICACTUS V2 Sensor Chip
Irfu : Yavuz Degerli, Fabrice Guilloux, Jean-Pierre Meyer, Philippe Schwemling

IFAE : Raimon Casanova, Yujin Gan, Sebastian Grinstein
=~4.6 mm

& »

T »

= =y~ 2times larger than MiniCACTUS

* 0.5mmx1mm(baseline), 1 mmx1mmand 0.5 mm x
0.5 mm diodes

50 pm x 150 pm and 50 pum x 50 pm small test diodes

———— 1l * Newmultistage discriminator with programmable
IR S . hysteresis

EEEE E | EE— * Improved layout for better mixed-signal coupling rejection

i it aitic| { i il G DS | | i g ||| « CEA-IRFU & IFAE-Barcelona coll.

E:: ______ RRURRORT Y | URRUOR IUURURRORN 1 S N UURRRUR N A NUROOR NS « Submission in progress (Lfoundry MPW, 8th May 2023)

- L - - A T 1 LIl EEERE R hystere5|sctrl (3 bits)

>

single ended
fully differential Iow -gain stages high-gain stage

i ‘ TR T MR T R AT IHHIH)—H\H T H




Transi

MiniCACTUS V2 Sensor Chip

3 different preamps implemented in MiniCACTUS V2
2 new preamps (CSA_new and VPA) designed by IFAE-Barcelona for better jitter and

reduced ToT

ent Response
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Responses of the 3 preamps to
an input pulse of 12ke (Tcoll=5 v wnsus

ns)

:53:20 2023 1

SA1l: MiniCACTUS V1 charge sensitive preal

CSA new :

VPA

new charge sensitive preamp

. hew voltage preamp




CONCLUSIONS AND NEXT STEPS /N
wallrfu

1 Non amplified HV CMOS MiniCactus v1 sensor reaches 65 ps time resolution on MIPs, power consumption 0.3 W/cm?
O A new iteration of the MiniCactus is underway, under submission
o Improved front-end : better discriminator, programmable analog filtering

« Altiroc-inspired Front-end designed and studied by IFAE, improvements in jitter and shorter signal expected - needed
for potential use at LHC

O Irradiated MiniCactus v1 chips (1014, 101°, 101 1 MeV neg/cm?) are available, test setup being modified to run at -15°C

1 Measurements with X-ray photons from Soleil synchrotron confirms energy calibration obtained in lab with 241Am
source, bring complementary information to MIP testbeam measurements

O MiniCactus v1 results presented at VCI 2022, TWEPP 2022 and NSS 2022



