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ATLAS Inner Detector will be
completely replaced by the new
all-silicon ATLAS Inner Tracker

* higher (~ 10times) radiation
hardness sufficient to withstand

HL-LHC conditions
(Total Fluence: 1,1E15 neg/cm?,

Total lonizing Dose: up to 53.2 Mrad ),

* extended n coverage (I
nl<25 - [n|<4),

» strip detector - the active area will
be increased from 60 m? to 160 m?
with 60M channels.

Strip Barrel Strip Endcap

Pixel Endcap

Pixel Quter
Barrel

Pixel Inner Layers

improved muon coverage new and upgraded forward

and luminosity detectors )
trigger and DAQ

increased readout rates

ITk — the new all-Si tracker

new High-Granularity
Timing Detector (HGTD)

For the detailed overview about ATLAS ITk upgrade see T.Koffas’s contribution
Phase-2 Upgrade of the ATLAS Inner Tracker
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https://indico.phys.sinica.edu.tw/event/174/contributions/1929/

Strlps implanted on p-type silicon bulk (n+-in-p)

* single sided, AC coupled, produced by
Hamamatsu Photonics (Japan)

e 320 pm thick (active thickness 300 pm)
 full depletion voltage VFD ~ 280 V
(specifications VFD < 350 V)

e 8 sensor geometries:
« 2 for the barrel, 75.5 ym strip pitch
* 6 for the end-caps, trapezoidal + arc,
70 to 80 ym pitch
* one sensor per 6 inch wafer + test structures

* spatial resolution
~ 20 um

* the bunch-crossing resolution
~ 25ns

* Barrel strip length: 2.41 and 4.83 cm
* Endcap strip length: 1.5 - 6 cm

* Barrel strip pitch: 75.5 pm

* Endcap strip pitch: 70 — 80 um

Main sensor Test structures
poly-Si
bias remstor Al g
DC pad blas rail edge el
AC pad
i . SlO
n*-Si readout strip n*-Si n SI p* s|

blas rai guard ring edge
E ) contact
=2 p-Si bulk
S e
o™ p*-Si backplane Al backplane

—_

Schematic cross-section along the strip direction - Ref [1].

1) Klein C.,et al. Initial test of large-format sensors for the ATLAS ITk strip tracker Nucl. Instrum. Methods Phys. Res. A (2020)
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* Number of production strip sensors received by ATLAS up to September 2025 - 9 625 for endcaps and
13 987 for barrels. The nominal final totals are 14 730 barrels and 9 280 endcaps.

Accumulated number of sensors received
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Upon delivery, ATLAS performs detailed measurements of sensors to monitor quality of all fabricated devices to
ensure that their characteristics are within specifications defined by the ATLAS collaboration.

On every sensor
1) Visual Inspection,

* look for scratches, chips, blotches etc.,
2) Visual Capture,

* image of the whole sensor in a high resolution,
3) Mechanical bow test,

e sensor bow < 200 pum,
4) Current-voltage (1V),

° Vbreakdown > 500 V,

*  lieakage @500 V < 0,1 pA/cm?
5) Capacitance-voltage (CV),

° Vdepletion < 350 V

On batch subset
1) Mechanical thickness test,
« atleast one per batch,
e sensor thickness (320 £15) um,
2) Leakage Current Stability: 10 — 20 % samples,
e current fluctuations < 15 % for 24h+,
3) Full Strip Tests: 2 — 5 % samples,
* lsip <200 nA,
1 MQ < Rpias < 2 MQ,
Ceoupiing > 20 pF/cm,
< 1 % failed strips per segment,
< 8 consecutive failed strips.
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* Strong correlation with high static charge measured on sensors
and electric tests failures.
* A big part of failed sensors can be recovered with different
treatments [1,2] :
1) UV-A (315-400 nm) light setups with typical exposure
between 2 and 8 hours,
2) UV-C (100-280 nm) light setups with typical exposure of 60
seconds,
3) lonizing air blowers with typical exposure of a few
minutes up to 30 minutes,
4) High-temperature (160 °C) exposure ("baking") of sensors
in an oven for more than 16 hours.
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1) Setups for eliminating static charge of the ATLAS18 strip sensors, P. FederiCova et al 2024 JINST 19 C02001
2) Identification and recovery of ATLAS18 strip sensors with high surface static charge, E. Staats et al 2024 NIMA 1064 169446
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Strip test falil
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/C02001/pdf
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900224X00066/1-s2.0-S0168900224003723/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQDCIRN8XjCtDsoamIlUbUPX%2Fb%2FGU4PUfFAstMnaev%2BNXwIhALLiVWHpbfpNIBy0GGtMFaRWhrdC%2BcH65jZR3HB3vpj2KrIFCFgQBRoMMDU5MDAzNTQ2ODY1IgxmuqdgmKVeuyzZNAkqjwUq7vfPeQn2qYQWTwJPXrKA%2FkCZ5Qc8l4PeavmEv82vAB%2BeI8czRM5UeUmCbXWKe0Kig8iBx07Yyq%2BqZ4G1ipvvzm00XmkX6XTHXemWNWd%2FWvUCC5coH%2BKD4Ahbn4edsss4ln%2FU1CD2v9neE4KDiK%2B3UokzfOAubYMugziPNEQWeJmvGZzwA38at1MBfiETJBWPEstEiAwOLnVxPM4sPxY6mH861jFnQ3QoiwJgL3mlBzda%2BuoCvECOEshf2V5AfGKoJvxnkAb9LHtezwdDj4mmWQxwGm0eLSRI5aRgrAsQBWoqp7AM6u%2B7ifYta6gEcJEzD5YMCb0Ph4slXqlnBrbbeYak%2BXZqhUOV09lUpP9nQrUvCOBtp6QQ75JuJBuv63GTj3W2KoVi%2BXhBor1vLAY9OM0AYm26hvoarsG2dseff4UA3WqRIDXcsREQB0n8Es%2FUNPcmnkKKiHBEqxrjPsEQfVGFjNiG6SqK04OypoFjFwNCGyQ2CYXRpgEXTeKgxra1OcmfAkDRNFgymD0JhQlnJXxvR%2BoGm0Y7jwgjPV61kfO2AxlmPkBqpkipiTKv5q%2F06PVMXsU1VWmurUczjVhDwKPWvHpoR%2B48HsMe6RwdhNq7SNczq%2FKn2kYroS9ZMbSPN1y%2FZvGFNtZ32AiDssvuiVDiQFk9I7Ktb5kmgFtVYjMPntDvOVuo6xebkwB3A321kp45CdPpFnpsOudWOylt0dYirhb9twOd6j30pCqmeXPSO3tgYWBSTMPvDFRQEra3Ak21DNl3epSe8cJP9WbrE8An4wnEDb8sWrqenbWtlkwkiVTbPGbO%2FThJmBI8R5WExLdeWstx0U81pdH33DCVTgUkzbgTelUt4e6cueJKMOzot8cGOrABBGGj7pNxpqNSQ0uatE%2FOOwxD3PJzMe%2B1M5OiMa35gf3wjIJaXYShjGg99%2ByKUEndHtxwnmhNexCF8NuUhRzwsNXmQME%2Fgz6lCF%2BoGZgKUbMfyCJRmyJ%2Fc5GAtQK5Ot7%2BGUl%2BPVpqEyhADh1QqzfhbqwcsSwPudlGXDsQEPputTS%2FeNz86JzBwSD9CGSSkh6YRCBxCmWzdhc5e%2BPjLBLSk6chBUfxvbmPJvDcCC3qAcc%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20251014T072530Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXNDKC6QT%2F20251014%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=9bd89fcaacf9a74b527752d2900cd65ea193f3ff66c5c04f4e05651ea02226fe&hash=2321523a6ea89f2e7031e03f5c295d4c512b1a9a6fad496fc06fce3c1c113e79&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900224003723&tid=spdf-82449c84-122e-4d3c-8d8e-6dc7b1bb624e&sid=a9be05e8274c1047d578e174f10ebab89b6egxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=051a5d5d0451545006&rr=98e557d7eda7f992&cc=cz

* Very low rejection rate 2.8 % (including both individual sensor and batch rejections),
* Six batches were rejected:
« Afull batch of sensors can be rejected if its QA results are found to be out of specification or = 4 sensors falil
the same QC test,
* two due to instability and non-recoverable IV breakdown, four due to non-uniform p-stop doping.
* Rejection rate 1.8 % for individual sensor rejection.
* The main rejection issues for individual sensors are |V failures (Voreakdown < 500 V), Visual inspection defects (mainly
scratches and chips), and Stability test.
* No rejections attributed to bow, thickness, or CV (correlated to IV fail).
* Aninstability in IV tests was observed after the long-term stability test...see
the poster Analysis of unstable leakage current in ATLAS18 Strip Sensors after long-term tests — Ch. Klein

Visual Inspection fail examples

IV fail examples Stability fail examples
Vpreakdown > 500 V, Leakage current variation < 15 %.
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https://indico.phys.sinica.edu.tw/event/174/contributions/1985/

590 batches were accepted (642 delivered).
Results of rejection ratio for each sensor geometry moves from 1 — 10 %.
About 98 % sensors of required total were delivered.

The remaining number of sensors will be accepted after on-going tests and from new deliveries.

Sensor type

| Total | LS | SS | RO | R1 | R2 | R3 | R4 | R5

Nominal quantity 24010 | 9470 | 5260 | 1040 | 1020 | 1020 | 2120 | 2030 | 2030
QC tested 22376 | 9434 | 3774 | 1040 | 1040 | 1020 | 2042 | 1996 | 2030
Accepted 21751 | 9335 | 3741 | 917" | 1020 | 917* | 1939* | 1909* | 1973
% tested rejected 1 0.9 12 1.9 10 5 4.4 2.8

% of final accepted 91 99 71 88 98 90 91 94 97

* include batch rejections

Sensor type Total | SS LS RO R1 R2 R3 R4 R5
Nominal quantity | 24010 | 5260 | 9470 | 1040 | 1040 | 1020 | 2120 | 2030 | 2030
Delivered 23614 | 4517 | 9470 | 1161 | 1040 | 1109 | 2201 | 2030 | 2086
% delivered 86 100 112 100 109 104 100 103
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The histogram compares the full-depletion voltage (Vfd) measured by Hamamatsu (HPK) with that obtained by
the ATLAS ITk institutions.

It can be seen that all Vfd values, both from HPK and ATLAS, met the specification of < 350 V.

There is also very good agreement between the two data sets.
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Bow distribution

Thickness distribution 1500V distribution
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» All sensor types satisfy the specification limit for bow (< 200 um).

» The barrel sensors exhibit a slightly broader distribution compared to the endcap types.

» All sensors also comply with the thickness specification; borderline cases were manually accepted
considering the measurement accuracy.

 The normalized leakage current at 500 V is well below the specification for all sensor types.
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Vfd distribution Vbd distribution Leakage current variation distribution
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Breakdown voltage > 500 V.
Sensors in the final bin have
no breakdown.

Full depletion voltage < 350 V. Leakage current variation < 15 %.

» The distribution of full-depletion voltage (Vfd) indicates that all sensors are well below the
specification limit of 350 V.

* From the breakdown voltage distribution, it can be observed that a small fraction of sensors
(~ 1%) did not meet the specification, while approximately 99% passed, with
a large amount showing no breakdown.

* The leakage current variation also satisfies the specification for the majority of tested sensors
(~ 99%).
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VPT

VPT

3) E. Bach, et al. "Analysis of the quality assurance results from the initial part of production of the ATLAS18 ITK strip sensors," Nucl. Instrum. Meth.
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Interstrip isolation is essential in ITk strip sensors to minimize charge sharing and maintain high spatial resolution by reducing readout noise.

QA results indicated that the threshold voltage (V_PT) of the Punch-Through structure (PTP) is out-of-limit in several production batches.
(see Quality Assurance during production of the ATLAS18 ITk strip sensors — R. Orr)

To verify whether V_PT is non-uniform across a wafer or else, PTP measurements were performed on main sensors from the affected batches.
For comparison, additional PTP measurements were performed on main sensors that either satisfied the QA specifications or were close to the
specification limits (12 V < PTP_IV < 18 V), for two different furnace processes.
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PTP structure on a main sensor
under a microscope

A 1064, 169435 (2024)
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https://indico.phys.sinica.edu.tw/event/174/contributions/1956/

* The punch-through voltage (Ver) in the affected batches decreases in some cases from left to right across the sensor (i.e., with
increasing strip number), consistent with a reduction in p-stop doping. Towards the right side, Ver falls below the specification of 12 V.

* Observed results: When the QA results are within specifications, the PTP measurements on the main sensors are satisfactory as well.
QA results near the specification limits do not necessarily indicate poor PTP performance on the main sensors. When the QA results
deviate significantly from the specifications, the PTP results on the main sensors are also poor. -

See posters :
Measurement of Threshold Voltages in PTP Structures and Estimation of P-stop Densities Across an ATLAS18 Silicon Strip

Sensor Wafer Using TCAD Simulations The illustration of
- Y. Unno o ‘ o the approximate
Evaluation of Performance of the p-stop Process Splits in ATLAS18 strip sensors, Pre- and Post-Irradiation - J. Kozakova locations of the
See talk: strips tested
Evaluation of post-irradiation performance of strip sensors affected by low p-stop issue— J. Fernandez-Tejero on a main sensor.
" V_PT values across wafer positions - Equipment A 18 V_PT values across wafer positions - Equipment B
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 Strip sensor production is on-going well (started in August 2021).

* Over 98 % of full production sensors were delivered.

* The QC testing throughput is able to comfortably cover the HPK deliveries.

* Recovery efforts (UVv-A, UV-C, ion blower, baking) and static charge measurements/eliminations
were put into practice effectively and thus reduced the sensor rejection rate to 2,8 %.

* Nearly 21 800 strip sensors have been accepted for using in the ITk detector.

* Decreasing levels of p-stop doping was measured in some batches during production. Four
production batches were rejected due to this issue.

* The distribution and shipment of sensors (between vendor and the QC sites, or the QC and Module

sites) are also successfully implemented.
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Vancouver UV-A setup QMUL UV-C setup Cambridge lon Blower setup

i
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Carleton UV-C setup
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Carleton UV-A setup
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SCIPP baking oven
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Prague lon Blower and lon gun
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Prague UV-A setup
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8 QC tests in total : 6 to be performed on every sensor + 2 on a batch subset due time consuming.
« Tests on every sensor are performed first and based on their results a subset of the batch is selected for
the Current Stability test and the Full Strip test.

Usual testing time:

* IV - 20 - 30 min/sensor,
CV - 20 - 30 min/sensor,
Visual Inspection — 5 - 10 min/sensor,
Visual Capture — 2 h/sensor,
Bow and Thickness — 30 min/sensor,
Leakage Current Stability — 40 h/test,
Full Strip Test — 8-10 h/sensor.

* Each endcap sensors delivery contains 4-10 batches of different sensor types, typically 30-50 sensors/batch.
« Each barrel sensors delivery contains 8 batches, typically 30-50 sensors/batch.
* Typical monthly delivery rates are 300 wafers for barrel and 180 wafers for endcap sensors.
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Endcap workflow
 all endcap sensors distributed through CERN
* 1% endcaps go to Prague
* Y4 each to Vancouver and Carleton
* Vancouver returns all the sensors back to CERN from where they are distributed to the Module Sites.
* Prague distributes its sensors directly to the Module Sites.

1/2 barrel

HPK KEK >
Barrel workflow it
* Barrel sensors divide between e e =

KEK and CERN
* 1% barrels go to KEK and SCIPP
for testing and after that sensors
are distributed directly to
the Module sites.
* Yieach to Cambridge and QMUL
« Each UK site distributes directly its
sensors to the Module sites.

1/2 barrel & full endcap

-

1/2 endcap

Vancouver

114 EC
Carleton

Prague

[

1/2 endcap

A 4

Y
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QC sites overview - table

Testing Additional setup
throughput

Endcap Prague 40 sensors/week UV-A setup, ion
gun/blower, static
charge measurement

24 sensors/week UV setup, baking oven,
static charge
measurement

35 sensors/week ion blower, UV-A/UV-C
setup, static charge
measurement

Cambridge 20 sensors/week
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P-stop doping

V_PTP vs Strip for poor wafers
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The plot shows Vpr distribution across the wafers exhibiting the p-stop non-uniformity.
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