
Radiation-Hard Silicon Strip Sensors for the 

ATLAS Phase-2 Upgrade

The ATLAS upgrade for HL-LHC operation includes the installation of an entirely new all-silicon Inner Tracker (ITk). The silicon strip region comprises 165m2 of instrumented area, made possible by the mass

production of silicon strip sensors. This area is covered in a nearly hermetic way. Multiple sensor shapes are utilized: square sensors in the barrel part and skewed trapezoidal sensors with curved edges to provide continuous

coverage of the disc surface in the endcap part of a detector. As a result, there are 8 different strip sensor types in the system. They all feature AC-coupled n+-in-p strips with polysilicon biasing, developed to withstand the total

fluence of 1.6x1015neq/cm2 and the total ionizing dose of 66 Mrad. Following many years of R&D and 4 prototype submissions and evaluations, in 2020 the project transitioned into pre-production, where 5% of the total volume

was produced in all 8 designs. In this contribution, we will summarize the evaluation program, test results, and experience with the pre-production sensors.
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Quality Assurance (QA)

Quality assurance aims to guarantee that quality requirements will 

be fulfilled throughout the whole fabrication process for the ATLAS 

ITk development.

• QA is based on monitoring the manufacturing process to 

prevent defects and to predict deviations of the key parameters

• It is carried out on test structures (Mini&MD8, Testchip&MD8), 

and it involves understanding the process parameters and the 

relationship between different device characteristics

• Tests can be destructive, as irradiation tests are performed

Quality Control (QC)

QC procedures are required to see whether the delivered devices 

adhere to the “ITk Strip Sensor Specifications Documents”. 

These tests are performed by the sensor QC sites before the sensors

are sent to the module sites for assembly

On every sensor

• Human Visual Inspection

• Machine Visual Capture

• Metrology: sensor bow and 

thickness

• Reverse bias leakage current (IV) and Bulk capacitance (CV)

On sample sensors (2-10%)

• Leakage current stability

• Full Strip Test: every strip is 

probed to measure its properties

• QA aims to identify 

defects on the process 

used to make the product

• Its goal is to assure that 

the fault won’t happen 

in the final product

• It is a proactive process

• It is focused on the 

process

• Test can be made on

other structures

• QC aims to identify 

defects in the finished 

products

• Its goal is identifying and 

discarding faulty 

products

• Is a reactive process

• It is focused on the

product

• Tests are made on the

final products

Stave in the Barrel Petal in the Endcap

• From every wafer one Testchip&MD8 and one Mini+MD8 piece is diced

• From every batch at least:

- One Mini+MD8 irradiated for displacement damage (protons/neutrons)

- One Testchip&MD8 is irradiated for ionization damage (proton/gamma)

8 sensor geometries

• 2 for barrel, 6 for endcap

• 320 µm thick n-in-p silicon

• 75.5 µm strip pith (barrel)

• (70-80) µm strip pitch (petal)

• One sensor per wafer

• High reverse bias voltage (-500V)

• 36 batches

received and 

validated

• Samples

irradiated up to 

1.6x1015neq/cm2

• Measurement of 

CCE with

ALiBaVa setup

Sensor pre-production provided excellent opportunities to prepare the infrastructure to handle production. 

Did not find major issues and most of the results are fulfilling the specifications. All 8 sensor types/layouts look OK a significant 

accomplishment made possible with >23 layout verification iterations with HPK. Despite IV is the most-failed QC test for pre-production 

sensors different recovery methods applied are showing promising results (not covered in this poster). 

QA/QC sensor site qualification and pre-production testing was delayed by the COVID-19 related shutdowns, which in some cases lasted for 

6 months of 2020. Despite that, excellent agreement was achieved among sites that matched well the data provided by the manufacturer. 

All pre-production batches have been validated. Strip sensor production started in Aug-2021 with ~18% of production quantity delivered to 

date.

Sensors in 

metrology 

frame of CNC 

500 machine 

(Prague)

Evidence of 

required 

resolution 

(KEK/Tsukuba)

Shelving unit 

with slots for 

module frame 

inside dry 

cabinet in 

SCIPP

IV/CV/Current stability

• Verify sensor basic electrical behavior

Full strip test

• Verify manufacturing process quality/uniformity of electrical characteristics throughout the wafer surface

• Individual strips are contacted to identify metal shorts, broken implants, faulty bias resistors or low inter-

strip isolation.
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ABSTRACT

SENSORS FOR THE ITk EVALUATION PROGRAM

QA RESULTS QC RESULTSMetrology and Visual capture

• Verify sensor shape and bow. Provide detailed snapshot of sensor condition
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Mini sensors with same layout as 

main barrel sensors but with 8mm of 

strip length. Used for charge collection 

efficiency measurements (1) Polysilicon bias resistors

(2) Coupling capacitor

(3) Interdigitated structures

(4) Cross-bridge resistors

(5) PTP structure

(6) Field oxide MOS capacitor

For different measurements:

• Bias resistance

• Full depletion voltage

• Breakdown voltage

• Interstrip capacitance

• Interstrip resistance

• Field oxide capacitance

• Field oxide thickness

• Flat-band voltage

• Coupling capcitance

• PTP voltage

• Implant and metal sheet

resistance

Testchip structures:

Main sensor wafer

Special sensor with defects provided by HPK. Used for consistency check for

quality testing sites. The fraction of bad strips was <0.1% in reality. 

Bias resistors MD8 structures Interstrip resistance

Structures irradiated only with 

gammas suffer higher 

degradation of RINT due to 

ionization damage.

It is not a realistic scenario in 

the experiment.

15MΩ

Part flow diagram for the sensors used in the tracker assembly

QUALITY ASSURANCE vs QUALITY CONTROL


