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Introduction

Lancaster
University ¢ #

ATLASPix developed as the HYCMOS pixel sensor
candidate for the ATLAS Inner Tracker (ITk) upgrade

AMS/TSI 180 nm technology on 200 Qcm wafers with large
fill-factor charge collection wells

Version 3 is the first full reticle-sized sensor for construction
of multi-chip modules

20.2x21 mm? reticle size, 132 columns x 372 rows,
15050 um?

18 mm
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3-bit threshold TDAC, 8-bit ToT, 10-bit time stamp (extended by 30 more bits from the FPGA)
Voltage regulators for shunt-LDO operation in serial power chains

Column-drain readout with and without trigger (triggered and hit-driven)

Configurable through serial, SPI bus or command line

RD53 compatibility

@ Data encoding w Aurora protocol (triggerless: 8/10b, triggered: 64/66b)
@ Data link up to 1.28 Gbit/s
@ Command decoder

Low power — less requirement on cooling: 160 mW/cm? (of which 120 mW/cm? is analog) - compared
to 500 mW/cm? for ITk Pixel

Low threshold: down to 400 e

Low material budget: thinned to 150 um

Version 3.1 currently with changes on the metal layers

+ Improved biasing structure of the pixels to prevent early breakdown

+ Reduced(~halved) the amplifier's input capacitance to reduce time walk
+ Added capacitance to voltage regulators (VDD) to avoid oscillations

- Traded-off shielding of the test signal injection and introduced crosstalk
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Lancaster

Single Chip Setup University © %

@ Readout using GECCO (GEneric Configuration and COntrol) system for single chip, quad and
telescope

Diligent Nexys Video FPGA board + firmware
GECCO board (middle) with function card slots
Single chip card (can be swapped out)
Qt-based software GUI
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Lancaster

Multi Chip Setup University ©*
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@ Using the same GECCO system, swap the
single chip card for the telescope adapter, add
function cards

@ One telescope adapter card provides slots for 4
planes with a distance of 2.54 cm

@ Telescope firmware and software (similar to
single chip)

@ All telescope planes share the same HV and LV
(voltages can be fine-tuned for each plane if
regulators are used)
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Single Chip Measurements fancaster £

Threshold tuning Source scan with Sro0

905y (trimmed to 0.5V, HV:
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@ Quad flex design inspired by ATLAS ITk Pixel

@ Quad module assembly by hand and being tested in Milan

@ Source measurement with x-ray (5 min with 15k—34k hits/s, untuned threshold)
@ First quad in testbeam (display shows one chip in a quad)
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Testbeam at DESY lancaster 23

Testbeam at DESY in April using 6 GeV electron beam
2 arms in 2 standalone systems, biased at ~ 50V
Synchronisation provided by the primary system sending sync signal to the secondary
Using hit-driven readout

Interleaved arms with 1.27 cm distance between planes

Quad module in the beam (bottom, in the pixel module carrier)
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Testbeam Reconstruction University # *

@ Reconstruction and analysis ongoing with Corryvreckan
@ Use L1 (ref), L2 and L4 as telescope planes for iterative alignment

@ Associate L3 as DUT plane

ATLASPIix3_2: 2D correlation X (local)
correlationX_2Dlocal
Entries 1430320
Mean x 68.13
Mean y 64.3

ATLASPIx3_2: 2D correlation Y (local)
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DUT Cluster Map
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Live event display at B
(all layers accumulated,
different run/geometry)

cluster row

Map of associated clusters

clusterMapAssoc
Entries 168120
Mean x 62.63
Mean y 149.8
Std Dev x 33
Std Devy  98.24

120
cluster col

Clusters associated to tracks. Beamspot seen on DUT.
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Cluster Size and Charge Distribution University *

# entries

@ Use along run at 6 GeV

@ Size and charge distribution of clusters associated to tracks.
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Residual in global X Residual in global Y
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.~ ——— @ Peakstructure in both telescope and DUT residuals
@ Theory: from large pixel width and mostly single-pixel clusters
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Residuals University # #

@ Ran a simple 1D simulation to confirm our theory
@ Vary the width of the charge sharing region
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Summary and Outlook University *

Took a lot of data in the testbeam campaign

@ TB reco and analysis ongoing

Peripheral development around the chip still needed, e.g. automate the synchronisation of the
telescope arms, improve software frameworks

Minor changes on the wishlist for the next iteration of the chip
Nevertheless, matured full reticle-size chip

Single chip thoroughly characterised

Multi-chip setups (quad, telescope) shown working

@ Plan more measurements for understanding and characterisation of the chip to build more expertise

Allin all good large area tracker candidate for Higgs factories and general future experiments

The measurements leading to these results have been performed at the Test Beam Facility at DESY Hamburg
(Germany), a member of the Helmholtz Association (HGF)
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@ ATLASPIix3 Manual

@ R. Schimassek, Test results of ATLASPIX3 A reticle size HVCMOS pixel sensor designed for
construction of multi chip modules

@ Telescope public wiki:
https://git.scc.kit.edu/adl_publicsoftware/atlaspix3_public/-/wikis/Telescope-Revision-2-Wiki-Main-Page

@ Corryvreckan
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backup
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Timeline
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Jun.2014 Feb.2015
HVStripv1 H35CCPD2
AMS H35 AMS H35
Nov.2013 Jan.2017
Feb.2016 ATLASPix1
CCPDSAMS AMS H18
AMS H18
Nov.2011 Aug.2014 Aug.2016 Aug.2017
[ H35CCPD! LF_ATLASPix ATLASPix2
AMS H18 AMS H35 LFoundry LF15A AMS H18
May.2014
Nov.2012 ccppa Jan.2017 /Aug.2017 Apr.2018
ccPp2 AMS H18 MuPix8 MuPix9 MuPix7_TSI
AMS H18 AMS H18 AMS H18 TSTH18
high rad. tolerance Aug.2014
MuPix7
Feb.2015 Apr.2017 0ct.2017
high rate readout CcPD5 LF_ATLASPix2 LF_ATLASPix3
AMS H18 AMS H18 LFoundry LF15A LFoundry LF15A

from R. Schimassek

Lingxin Meng (Imeng@cern.ch

Apr.2018
LF_ATLASPixd4
LFoundry LF15A

Jul.2018
ATLASPix2 TSI
TSI H18

Mar.2019
ATLASPix3
TSI 180 nm

Project: HVCMOS Pixel
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