
The ATLAS ITk Detector System for the 
Phase-II LHC Upgrade

L. Gonella on behalf of the ATLAS collaboration
15th Pisa Meeting on Advanced Detectors

22 May 2022



High Luminosity LHC Upgrade
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LHC: Inner Detector (ID) system, TRT (gas detector) + 
Strips + Pixels (with new Insertable B-Layer)

HL-LHC: New all-silicon Inner Tracker (ITk),
Strips + Pixels

LHC:
19 – 55

pile up events

HL-LHC:
140 – 200

pile up events

https://hilumilhc.web.cern.ch/content/hl-lhc-project

Luminosity = 
5-7.5 x 1034 cm-2s-1

L. Gonella | ATLAS ITk | PM2021
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• The ITk has to meet the HL-LHC challenges while maintaining 
(or improve upon) the tracking performance of the ATLAS ID.

• Instantaneous conditions
• Pile up, high event rate, increased occupancy.

à Higher granularity sensor; SEE-robust, faster readout ASICs; 
redundant tracking for combinatorics.

• Integrated effects
• Particle fluence up to 2 x 1016 neqcm-2 in the pixel region and 1.6 

x 1015 neqcm-2 in the strip region.
• Total Ionizing Dose (TID) up to 10 MGy in the pixel region.

à Radiation hard technologies.

Tracking Challenges at the HL-LHC
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𝑡 ̅𝑡 event @ 140 avg. pileup
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The ATLAS Inner Tracker - ITk
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Strip Barrel Strip End-Cap

Pixel Inner SystemPixel Outer BarrelPixel Outer End-Cap

ATL-PHYS-PUB-2021-024

ITk (ID) Area (m2) # Modules # Channels (M)

Pixels 13 (1.6) 9164 (2000) 5100 (92)

Strips 165 (61) 17888 (4088) 60 (6.3)



• Extended coverage up to eta 4 with at least 9 space points 
per track.
• 4 strips barrel layers, 2x 6 strips end-cap disks.
• 5 pixels barrel layers (flat + inclined), novel pixel ring structure.

• Lower material budget than ATLAS ID.
• Evaporative CO2 cooling system with titanium pipes.
• Carbon structures for local supports.
• Optimised number of readout cables using link sharing.
• Innovative Serial Powering (SP) scheme in the pixels.

ITk Layout
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ATL-PHYS-PUB-2021-024
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• Tracking efficiency at 200 events pileup (ITk @ HL-LHC) vs 38 (ATLAS ID @ Run-2). 
• Similar performance to Run-2 in the barrel.
• Improved efficiency over 85% at high-eta.

Example of Tracking Performance
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More results on ITk performance in these posters:
- Expected tracking and readout performance of the ATLAS Phase-II Inner Tracker Upgrade - Daniela Bortoletto.
- Expected reconstruction performance with the new ATLAS Inner Tracker at the High-Luminosity LHC - Marianna Testa.
And on general ITk detector operation and safety aspects on these posters:
- An environmental monitoring and control system for the ATLAS Outer Barrel QC and Integration - Nicola Pacifico
- The ITk interlock hardware protection system - Susanne Kersten

L. Gonella | ATLAS ITk | PM2021

ATL-PHYS-PUB-2021-024



ITk Strips Detector Overview
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Modules
Basic building block. 

Local Supports
Barrel staves, end-cap petals. Modules loaded on two sides 
with small stereo angle to provide 2D measurements.

Global mechanics
Carbon cylinders for staves and 
carbon wheels for petals.

Endcap Global Support

Barrel Global Support

Long strip barrel module Barrel stave

ASSEMBLY AND ELECTRICAL TESTS OF
THE FIRST FULL-SIZE FORWARD MODULE
FOR THE ATLAS ITk STRIP DETECTOR

Carlos Garćıa Argos, on behalf of the ATLAS ITk Strip Collaboration (Albert-Ludwigs-Universität Freiburg, Germany)

The ATLAS ITk Strip Detector

I All-silicon detector with around 70 million read-out strips.
I Modular design with modules assembled in larger structures: staves and petals.

I Four barrel layers and six end-cap discs per side.
I Integrated cooling and electronics.

I Modules are made from one silicon sensor and one or more hybrid circuits.
I Read-out chips glued onto the hybrids and wire bonded for electrical connections.
I Forward region uses “Stereo Annulus” shaped sensors and modules.

I Di↵erent number of strips leads to di↵erent number of read-out chips.
I Changing strip pitch and length for each segment.
I Here, we focus on Ring 0.

Ring 0

Hybrid Building

I UV-cured glue for hybrid-ASIC attachment.
I Glue dispensing robot.
I Special tooling for precise positioning and
glue height control.

I Wire-bonding.
I Electrical testing.

Module Building

1st Segment (17 mm)

2nd Segment (22 mm)

3rd Segment (28 mm)

4th Segment (30 mm)

I Sensor held on precisely
machined tool with vacuum.

I Epoxy glue cured for 10 hours.
I Hybrid glued on sensor active area.

I Electrical connections: four row
wire-bonding of front-end
channels.

I Noise increases with strip length
and decreases with hybrid-sensor
glue thickness.

Final Module Assembly

I Addition of power board for
DC-DC conversion.
I Buck converter using a coil for energy
storage.

I Glued on top of the sensor
active area with Epoxy glue.

I Wire-bonded to both hybrids and
to test frame.

Sensor Testing

I Bare sensor measured on
probe station: I/V and C/V
curves.

I C/V used to determine full
depletion voltage: ⇡ 300 V.

I I/V of bare sensor, after gluing
hybrids and after wire-bonding.
I Used to determine whether there
is damage to the sensor.

I Slightly worsening of the I/V
after gluing and wire-bonding.
I Signs of potential mechanical stress
on the sensor.

I Sensitivity to humidity is another
source of increased current.

Initial Electrical Tests

I Characterisation by: Input
Noise (Equivalent Noise
Charge, ENC) and Noise
Occupancy.

I Tests: Response Curve
and Noise Occupancy Scan.
I With changing sensor bias
voltage.

I Noise behaves as expected
with bias and strip length.
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Electrical Tests With Power Board

I Slight noise increase in areas underneath the power board.
I Small B-field leakage measured next to the power board.
I We expect some noise reduction by improving the shielding.

ATLAS ITk Test:  Response vs. Channel  -  Mon Jun 12 12:20:14 2017  -  FR_CLEANROOM
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With power board

Conclusions

I The electrical tests performed so far on the first prototype end-cap sensors show good performance.
I Module building procedure is under control: precision mounting of chips, gluing to sensor and wire-bonding.
I The module noise performance is consistent with the sensor characteristics.
I Addition of a power board on top of the sensor introduces some extra noise which we expect to be able to control by improving the shielding.

R0 end-cap module

End-cap petal

Production end-cap 
wheels

L. Gonella | ATLAS ITk | PM2021



• Different module flavours based on sensor geometry for 
barrel (short and long strips) and end-caps (R0, …, R5).

• Common modular design: sensor + hybrid + powerboard.
• Hybrid: (up to 12) strips binary readout chips (ABCStar) and 

up to 2 controller chips (HCCStar).
• Powerboard: HV switch and filter, LV DC-DC converter, 

Monitor and control chip (AMAC).

ITk Strips Modules

7

ITK-2021-003

Clear operational window with 
>99% efficiency, <0.1% noise 

occupancy for modules 
irradiated to end-of-life dose.

Sensor

Hybrid Powerboard

ABCStar (x10)

HCCStar

AMAC

HCCStar + AMACStarABCStar

L. Gonella | ATLAS ITk | PM2021

Four posters on ITk strip sensor characterisation 
(Jiri Kroll;  David Rousso; Xavi Fernandez-Tejero; Vera Latonova).

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2021-003/


ITk Strips Module Production

8

• Global effort with 11/20 assembly and testing sites for 
barrel/endcaps to build 17888 modules in 3 years 
• Including yield 20625 to be built.
• Extensive QC/QA procedures on all components and on the 

modules.

• All sites undergoing site qualification to setup and verify 
full assembly, bonding, storage/shipping, electrical/QC 
testing, DB upload procedures; 72% completed.

• Module Pre-Production (PP) well underway.
• Build ~1000 modules to demonstrate readiness for full 

production.
• PP-A with PP sensor and ABCStar, else prototype 

components, almost completed.
• PP-B modules with all PP parts starting.
• Production Readiness Review in Sept 2022.

L. Gonella | ATLAS ITk | PM2021

Production to start in Q4 2022

End-cap overall part flow

First PPB module and hybrids

Noise from 112 
PPA Barrel Hybrids

ITK-2021-004



• Local support structures 
• Carbon-fiber composite with integrated electrical and cooling interfaces.
• Co-cured polyimide/copper bus tapes, EOS card (data links & power).
• Pre-production of both staves and petals ongoing.
• First pre-production stave loading ongoing, one side fully assembled, preliminary results on noise 

performance as expected.

• Global mechanics parts are in production, most elements nearing completion in end-cap.

ITk Strips Support Structures

L. Gonella | ATLAS ITk | PM2021 9

7

Petal testing status

First prototype end-cap petal

The ATLAS experiment is currently preparing for an upgrade of the inner tracking detector for High-Luminosity LHC operation, scheduled to start in 2027. The new detector, known as the Inner Tracker or ITk, employs an all-
silicon design with five inner Pixel layers and four outer Strip layers. The staves are the building blocks of the ITk Strip barrel layers. Each stave consists of a low-mass support structure that hosts the common electrical, 
optical and cooling services as well as 28 silicon modules, 14 on each side. To characterize the stave, a set of electrical and functional measurements have been performed both at room and at cold temperatures. At this 
conference, the results of the first fully instrumented pre-production staves assembled at Brookhaven National Laboratory will be presented.

Electrical Characterization of Stave prototypes 
for the ATLAS ITk Strip Detector Upgrade
Punit Sharma *, on behalf of the ATLAS collaboration
PM2021 – 15th Pisa Meeting on Advanced Detectors – Edition 2022

The University of Iowa – punit.sharma-1@uiowa.edu

ABSTACT

ITk Strip Detector
❖ 4-barrel layers
❖ End-Cap(EC) system with 6 rings on both 

sides

ITk Pixel Detector
❖ 5-barrel layers with inclined sensors
❖ End-Cap(EC) system containing individually 

located rings 

STAVE TESTING SETUPINTRODUCTION

❖ The new all Silicon, ATLAS Inner Tracker (ITk) will replace the current ATLAS inner Detector for the 
High Luminosity LHC. 

❖ HL-LHC : nominal luminosity ℒpeak ~ 7*1034 s-1 cm-2, ℒIntegrated ~ 3000(4000) fb-1 and Pileup of ~200 
per 25 ns. 

❖ The ITk is made up of barrels and endcaps centered around the interaction point, covering the 
pseudo rapidity range from -4 to +4

[1] The ATLAS Collaboration, “Technical Design Report for the ATLAS Inner Tracker Strip Detector”,  Tech. Rep. 
CERN-LHCC-2017-005, ATLAS-TDR-025, CERN, 2017.
[2] ATLAS NOTE ATL-UPGRADE-PUB-2012-002

REFERENCE 

STAVE TESTING RESULTS

SILICON STRIP MODULES

❖ Building blocks of the ITk strip detector.
❖ Consists of the Silicon microstrip sensor, one 

(for long strip, LS  strip length 48.20mm) or two 
(for short strip SS  strip length 24.10mm) PCBs 
called Hybrid and one Power board responsible 
for delivering Low Voltage power through the 
DC-DC buck Converter and also hosts the 
monitoring and controller chip AMAC.

❖ The hybrid hosts readout ABCStar and the 
controller chip called HCCStar.

ITk BARREL STAVES 

❖ Staves are the Barrel support structure for the modules. 
❖ It hosts the common electrical, optical connections and cooling 

services. 
❖ 28 Barrel modules on each stave (14 modules per side)
❖ Made up of a low-mass composite carbon fiber support structure
❖ End of Substructure (EoS) at one end of the Stave

1400mm

IMG: Schematic of the internal structure of the stave core, with the silicon sensors and ASICs .

IMG: Overview of the 
electronics components of the 
ITk Strip Detector located 
within the active area of the 
detector. Timing, Triggering 
and Control (TTC), power and 
DCS are interfaced to the 
stave/petal at the EoS card

IMG: Electrical stave built at BNL in the early 2022 with only Master side loaded

❖ The Stave is tested in the coldbox which acts a Faraday cage  
with Relative Humidity and Temperature control. 

❖ Cooling of the stave is done with the SPS chiller, ISEG SHR 
and Keithley Power supply units for HV and LV respectively.  

Data Acquisition 
❖ The EoS hosts the Low Power Giga Bit Transceiver (lpGBT), a 

radiation tolerant ASIC that is used to implement multipurpose 
high speed bidirectional optical links between the DAQ (Genesys
or FELIX) and the front-end ASICs.

❖ The data from the lpGBT is decoded at the DAQ, which is then 
passed on to the DAQ software(ITSDAQ or YARR) for analysis.

Front-End Characterization
❖ When a particle passes through the sensor, signal from the strips is transmitted to the front-end ASICs.
❖ Strobe Delay is used to scans over the possible delay values of charge injection with respect to the 

system clock.
❖ Response Curve is used to measure the response of the front 

end (in mV or DAC counts) to the injection   of a calibration 
charge. Output of varying the trim-DAC threshold is an S-curve 
for a given charge. Threshold at which Occupancy is 50% is called 
vt50.  Standard deviation of the erf-fit to the S-Curve is the 
Output Noise. Input Noise is calculated from the Chip-Gain 
(slope of vt50 vs charge plot) and output noise for each charge 
variation.  

The stave was tested at T=20C and T=-26C (temperature of the coolant at stave inlet) and V bias of -400V.
Uniform noise performance was observed for all the modules on the Master side.

Input noise for stream 0 on 14 hybrids of Master Side 

Input noise for stream 1 on 14 hybrids of Master Side 

Gain for stream 0 on 14 hybrids of Master Side 

Gain for stream 0 on 14 hybrids of Master Side 

Variation with Temperature (all channels combined)

❖ Average gain increases 
with temperature.

❖ Average Input noise 
decreases with 
temperature, as 
expected.

CONCLUSION
❖ The noise is what we expected(from other 

tests) indicating that the testing setup does not 
introduce any additional noise. 

❖ The noise performance over the modules on the 
master side was uniform. No anomalous 
behavior was observed.

❖ The master side of the stave is loaded for now, 
the slave side will be loaded in May 2022. 

❖ Once finished the stave will be shipped to CERN 
for further testing.  

FIG: Output at the trim-DAC for a given charge [2].

IMG: Stave Coldbox

ITk BARREL STAVES ASSEMBLY AT BNL

ABCStar

HCCStar

DC-DC

Sensor
AMAC

EoS

❖ In the assembly stage, modules are precisely 
glued on the stave-core while making the 
electrical connections at the same time. 

❖ The Stave was assembled at BNL with the LS 
modules with ABCStarV1.

❖ Mounting was only done for the Master 
Side(side which has the Low Power Giga Bit 
Transceiver-lpGBT acting as a transceiver).

❖ Mounting on the Slave side(side which has the 
lpGBT acting as a transmitter or receiver) will 
be done in May.

IMG: Master side of LS stave being assembled at BNL.

PPA news

2

• First PPA Stave Side has been assembled at BNL 
✦ First stave with pre-produc<on ABCStarv1, (but s<ll with prototype HCCStar) 

• Tested warm 02/05/22, cold 06/05/22 
✦ Noise results look good 

• Stave also being used to help prepare FELIX/YARR for ABCStarv1  
✦ One of the SR1 team went to BNL last week

Not under hybrid

Under hybrid

WARM  
vs  

COLD
Typical observed  

input noise

First PP-A barrel stave (one side)

See poster session: Electrical performances of 
pre-productions staves for the ATLAS ITk Strip 

Detector Upgrade - Punit Sharma



Local supports: Different designs to support flat and inclined module mounting.

Modules: two main module types, quad & triplet.
(Variations of pixel size and sensor thickness within each type)

ITk Pixels Detector Overview

L. Gonella | ATLAS ITk | PM2021 10

Layer Module type Sensor type Sensor thickness [um] Pixel size [um2]

L0 barrel Triplet 3D n-in-p 150 25x100

L0 rings Triplet 3D n-in-p 150 50x50

L1 Quad Planar n-in-p 100 50x50

L2-4 Quad Planar n-in-p 150 50x50

ATL-PHYS-PUB-2021-024

L0

L1

L2

L3

L4

Inner System (IS)

Outer End-Cap (EC)Outer Endcaps Pre-production. Procurement

7

Raw Materials 
procurement

Italy
L2 + L4

UK
L2 +L3

Pre-preg
100% in UK 

(shipment to 
Italy delayed )

100%

Foam 100% 100%

Evap. (pipe +EB) 100% 100%

Small pieces Enough to 
start

Enough to 
start

Carbon veil 100% 100%

Glue +graphite 100% 100%

Frames + case 100% 100%

100% enough for pre-production (4 HRs/site +2):
• 3HR/ flavour/site

Bus Tape

Co-cured facesheet
Electrical isolator

K13C2U Facesheet
Carbon foam core

End closeouts

Inner support 
lug

Outer half ring 
fixation lug

Titanium 
cooling tube

Outer 
Barrel 
(OB)

23

Local supports
Inner system: 
Barrel staves and coupled rings
Endcap: 2 additional flavors of rings

Outer Barrel: 
Longerons and inclined half rings

Modular approach for the local support, it allows 
total re-workability by replacing single cell

Outer Endcap: 
Double sided 
half rings

Inclined half ring

23

Local supports
Inner system: 
Barrel staves and coupled rings
Endcap: 2 additional flavors of rings

Outer Barrel: 
Longerons and inclined half rings

Modular approach for the local support, it allows 
total re-workability by replacing single cell

Outer Endcap: 
Double sided 
half rings

Longeron

IS to be replaced after 2000fb-1 to 
reduce radiation damage.
L0 placed 34 mm from beam pipe.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/


• 3D sensors with new single-side technology.
• Thin active substrates (150 µm) à Reduced cluster size and data rates.
• Small pixels à Low occupancy, improved impact parameter resolution.

• Efficiency >96-97% at 1.6 x 1016 neq/cm2.
• Bias <150V, power < 40 mW/cm2 (at -25C).
• Measured on prototypes. Irradiation of PP sensors starting.

ITk Pixels 3D Sensors

L. Gonella | ATLAS ITk | PM2021 11

Standard FE-I4 250×50 µm2, 2E 50×50 µm2, 1E 25×100 µm2, 2E
250 µm

50 µm

50 µm

25 µm

50 µm
100 µm

Lel=67 µm

Lel=35 µm
Lel=28 µm

n+ junction
column

p+ ohmic
column

Al connection
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Lel=52 µm
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Al connection
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In pre-production



• New Front-end ASIC in 65 nm CMOS technology.
• Common ATLAS and CMS R&D.

• RD53A: large prototype.
• Small pixel size: 50 x 50 µm2

.

• Three different Analog Front End (FE).
• Integrated shuntLDO regulators for serial powering.

• Full size chip ITkPixV1/V1.1/V2.
• Radiation hard above 5 MGy (1016 neqcm-2), SEE hardened.
• Trigger rate: 1 MHz.
• High hit rate: 3 GHz/cm2.
• Improved shuntLDO design for serial powering.
• Data format including compression.
• Command forwarding.

ITk Pixels ASIC

L. Gonella | ATLAS ITk | PM2021 12

RD53A prototype

Full size chip ITkPixV1/V1.1/V2

38
2 

pi
xe

l /
 2

0.
7 

m
m

400 pixel / 20 mm

ITkPix V1  in pre-production.
ITkPix V2 submission in June.



• Module = Sensor + ASIC + flex circuit.
• Hybridization: bump bonding of sensor to ASICs.
• Flex attachment.
• Parylene protection deposition: reinforce bonds, avoid corrosion, 

prevent discharge between sensor and front-end.

• Quad module: one large single sensor bump bonded to four ASICs.

• Triplet: three single-chip modules connected to one flex.

• More than 200 RD53A module prototypes built.

• First prototype modules with ITkPixV1/1.1. becoming available.

• Module pre-production starts Q3-22.

• Module production starts Q3-23.
• 2 years, 9000 modules, approx. 20 assembly sites.

ITk Pixels Modules

L. Gonella | ATLAS ITk | PM2021 13

See poster session: Module development for the ATLAS Phase II Pixel Inner Tracker - Abhishek Sharma

20

Module design Layer 1-4 Quad 

LinearTriplet Flex (Layer-0 barrel)

Ring Triplet Flex (Layer-0 rings)

Quad module (layers 1-4: barrel and rings)
• 1 large single sensor bump bonded to 4 readout chips
• Common design for all outer layers, just difference in pigtail 
• Longest Serial Powering (SP) chain of 14 modules

Pseudo Triplets (innermost layer and rings)
• 3 single-chip bare modules connected to the same flex
• Power and ground in parallel + 1 data connector
• Limited space for services -> Serial Powering is essential
• Longest SP chain in L0: 5 SP units in endcap rings

Parylene protection
• Reinforce bonds and to avoid corrosion
• Prevent discharge between sensor and front-end

Quad module

Ring triplet module

Barrel triplet flex



8-module serial power chain

• Early programme of pixel system demonstrators with 
ATLAS IBL FE chip (innermost ID layer) for OB and EC.

• Demonstrators programme now moving to RD53A 
modules à all the subsystems are building loaded 
supports in view of the pre-production.

• Serial Power chain tests with RD53A modules. 
• Quad and irradiated single chip modules. 

• IS rings and staves partially loaded, testing ongoing.
• R0/1 ring, 1 side fully loaded, 3 ring triplets, 10 quads.
• L0 stave, 1 side fully loaded, 1 side partially loaded, 

4+4 linear triplets.
• L1 stave, 1 side fully loaded, 1 side partially loaded, 

6+6 linear triplets.

ITk Pixel Demonstrators
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See poster session: ATLAS ITk Pixel demonstrators - Jonathan Thomas Taylor

Benedikt Vormwald 7benedikt.vormwald@cern.ch

Status of the System Tests – Inner System

Module-by-module Loading Validation
● One side of RD53A ring electrical prototype fully loaded!
● Other side not loaded due the limited number of RD53A modules
● Each loaded module tested individually
● YARR electrical test and visual inspection
● No significant change before and after loading

➔ See presentation by Sanha Cheong
(Pixel System Test session: Thursday, 16:15)

System Test and Realistic Readout Chain
● IS demonstrator contains:

loaded RD53A modules, module flex to type-0 
ring, ring flex to PP0, and PP0

● Chain has been tested with a digital module
● Studied signal loss and bit error rate

➔ See presentation by Zhi Zheng (Pixel System 
Test session: Thursday, 16:15)

“

R0/1 demonstrator with 
RD53A modules

ITk Pixel Demonstrators
Jon Taylor (University of Liverpool, UK)

on behalf of the ITk Pixel Collaboration

Abstract

The ATLAS upgrade programme for the high-luminosity large hadron collider (HL-LHC) includes the replacement of the inner tracking
detector with an all-silicon system (ITk). The outer layers of the new tracker consist of strip sensors and the inner region is made up of pixel
sensors. Due to the increased channel count and power density in the pixel detector, a serial powering scheme has been chosen for the ITk
Pixel Detector. In this scheme, the readout chips of the pixel modules are powered in series; however, in much of the detector, the sensors of
several modules will be connected in parallel to a common supply line for the depletion voltage. Details of the serial powering scheme along
with a description of various demonstrators that test powering, data readout and cooling for the ITk Pixel detector are presented here.

Pixel demonstrators and infrastructure for testingITk Pixel layout and sub systems

Fig. 4: (Centre, right) Results from a serial powering chain 
constructed using 16 irradiated single chip (left) RD53Ac

modules. No discernable difference between serial and non-
serial powered modules is observedd

Fig. 2: A layout quadrant for the ITk Pixel detector showing 
the relative positions of the Inner and Outer pixel Systems.

Fig. 5: (Left) The outer barrel demonstrator test stand at SR1 in 
CERN. (Right) An inclined ring loaded with heater modules and 
services for thermal tests.

The ITk will comprise both silicon pixel and silicon strip sub 
systems aiming to provide tracking coveragea up to |η| < 4. In 
total, there will be >10m2 of pixels and 165m2 of strips.

Fig. 1: A simulated proton-proton collision in the ITk tracker. 
A pile-upb, μ~200 is expected at typical HL-LHC luminosities. 

Fig. 3: Serial powering and services scheme for ITk Pixel quad 
modules. Front-end ASICs within a quad module are 
powered in parallel and serial powering chains of quad 
modules are constructed with up to 13 modules

Serial powering

Fig. 6: (Left) Loading of RD53A pixel quad modules onto an end 
cap ‘half ring’ local support at RAL (UK). (Right) The outer endcap 
test stand with Lukasz CO2 cooling plant in Liverpool (UK). 

Fig. 7: (Left) Loading of RD53A pixel quad modules and RD53A 
triplet modules with 3D sensors (red PCB) onto a ‘coupled ring’ 
local support structure for the Inner System at SLAC (USA). (Right)
8 ITkPixe v1.1 quad modules in a serial powering test stand at 
Berkeley (USA).

Fig. 8: Readout of the 8 ITkPix 
v1.1 quad modules (Fig. 7) is 
carried out using YARRf with / 
without serial powering. No 
significant difference is 
observed at the minimum tuned 
threshold of 1000e-

Bibliography and acknowledgements
aPseudorapidity (η) describes the angle of a particle relative to the beam axis
bPile-up (μ) is the average number of particle interactions per bunch crossing
cRD53A readout chip manual: https://cds.cern.ch/record/2287593
dFurther results here: https://cds.cern.ch/record/2808444
e RD53B (ITkPix) readout chip manual: https://cds.cern.ch/record/2665301
f Yet Another Rapid Readout: https://yarr.web.cern.ch/yarr/

Quad module minimum threshold operation 
versus powering option



• A new tracking system is being developed by the ATLAS experiment for the HL-LHC to 
cope with increased particle multiplicity and radiation levels.

• The new all-silicon Inner Tracker (ITk) provides large acceptance, a large number of 
points per track, high granularity and radiation hardness with minimised material 
budget.

Strips and pixels detectors have demonstrated the required functionality for tracking is 
maintained up to end-of-life dose.

• The Strip system is progressing through pre-production and production has started for 
several parts (sensors, ASIC, global mechanics).

• The Pixel system is finalising an extensive prototyping phase and has recently started 
pre-production of some components.

Conclusion
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Backup slides
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• 320 μm thick float zone n-in-p silicon.

• 8 sensor geometries.
• 2 for the barrel, 75.5 μm strip pitch.
• 6 for the end-caps, 70 to 80 µm pitch.
• One sensor/wafer + test structures.

• First production batch delivered August 2021.
• 17% of production sensors delivered.
• 40/114 batches approved so far, 1 rejected after QC/QA.
• 4 months acceptance testing period.

• Extensive QC on main sensor and QA on test structures.
• 7 QC and 7 QA testing sites.
• QA irradiations with neutrons, protons, gamma rays.
• ~ 500 production QA pieces (108 batches) irradiated and tested.

ITk Strips Sensor

17

QA acceptance production testing, parts flow

QA strategy
• Bulk effects on irradiated mini& MD8: 

(CCE, IV, CV)
• Surface effects on irradiated Test chips 

to monitor the TID effects (dielectrics, 
surface current)

• Pre-irradiation monitoring of the 
technology stability

The strategy is based on batch sampling
• Several test pieces from every batch 

are tested before irradiation and 
several other, irradiated and tested

Mini 

Test chips 

AUW, CERN, May 9th, 2022

• Acceptance testing period – 4 months 

3

QA test structures distribution 
for irradiation and testing

L. Gonella | ATLAS ITk | PM2021



• Three custom developed ASICs in 130 nm technology.

• Pre-production version of all three ASICs extensively 
modified to improve SEE protection.
• Tested in heavy-ions and protons with excellent 

performance.
• Pre-production ABCStar with triplication enabled had 

no measured Single Event Upset (SEU).

• ABCStar
• Wafer probing at two sites, including one industrial 

partner. 
• Pre-production completed with yield ~92%, dicing and 

distribution to hybrid assembly sites ongoing.
• Production started, received  ~30% of first batch.

• HCCStar/AMAC
• Produced on same wafers, one probing site.
• Pre-production delivered, yield well above 90%.
• PRR in June, production to start Q3-2022.

ITk Strips ASICs

18

ITK-2021-002

CERN

WBS 2.2.2: Read-out Chips – Production Flow, ABCStar

RAL,
probing

Dicing 
vendor

(Carleton runs probing at their industrial partner,
DA-Integrated, who sub-contract the dicing)

CERN Carleton

Carleton

Carleton,
probing

Penn

RAL

IHEP

Uppsala

Toronto

Freiburg

DESY

SCIPP

LBNL

BNL

Liverpool

Birmingham

CERN
INER, 

Taiwan, 
pre-

irradiation

CERNFoundry

JJ John and PT Keener     — 8

Production parts flow - ABCStar

L. Gonella | ATLAS ITk | PM2021
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• Thin n-in-p planar n-in-p sensors technology (single-side process) with 50x50 µm2 pixel cells.
• 150 µm for the outer layers, 100 µm for the Layer-1 (more rad-hard).

• Different testing solution employed.
• Punch through (PT).
• Bias rail and bias resistor (BR).
• Temporary Metal (TM).

• Performance required.
• Hit efficiency >98%.
• Bias voltage at 5e15 neq/cm2 up to: 

• 600 V for 150 µm active thickness.
• 400 V for 100 µm active thickness.

• Pre-production ongoing for both thicknesses.

ITk Pixels Planar Sensors

S. Terzo (IFAE, Barcelona)  - VCI 2022 19
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