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Abstract: The tracking system of the ATLAS experiment will be upgraded for the upcoming High-

Luminosity Upgrade of the LHC (HL-LHC). The main building blocks of the new strip tracker are

silicon-strip modules that consist of a sensor and hybrid PCB’s. The modules are mounted on rigid

carbon-fibre substructures, the so-called staves (petals) in the barrel (end-cap) regions, that provide

common services to the modules. At the end of each stave or petal side, a so-called End-of-Substructure

(EoS) card facilitates the transfer of data, power, and control signals between the modules and the

off-detector systems. The EoS connects up to 28 data lines, each with 640 Mb/s, from the modules to

one or two lpGBT chips that provide data serialization and use a 10 Gb/s versatile optical link (VL+) to

transmit signals to the off-detector systems. The lpGBT also recovers the LHC clock on the downlink

and generates clock and control signals for the modules. To meet the tight integration requirements in

the detector, fourteen different EoS card designs are necessary. The power to the EoS is provided by a

dedicated dual-stage DC-DC package providing 2.5 and 1.26 V to the EoS cards. A first production

of almost 2000 EoS cards has been stopped due to the errors found in the lpGBT-v1 ASIC, but all

∗Corresponding author.

© 2026 The Author(s). Published by IOP Publishing Ltd on behalf of

Sissa Medialab. Original content from this work may be used under the

terms of the Creative Commons Attribution 4.0 licence. Any further distribution of this

work must maintain attribution to the author(s) and the title of the work, journal citation

and DOI.

https://doi.org/10.1088/1748-0221/21/04/C04015



2
0
2
6
 
J
I
N
S
T
 
2
1
 
C
0
4
0
1
5

accompanying DC-DC converters have been produced. We report on the production experience

including detailed QC statistics and design validation (QA) results for the EoS itself with the lpGBT-v1

ASIC and how the two lpGBT issues were identified and how many EoS boards were affected by each.

With the lpGBT-v2 ASIC now in hand, we report first QC results with the second production iteration.

Keywords: Electronic detector readout concepts (solid-state); Front-end electronics for detector

readout; Particle tracking detectors (Solid-state detectors); Si microstrip and pad detectors
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Figure 2. Block-diagram of an EoS card using the ASICs designed by CERN-EP-ESE. Reproduced from [14].

The Author(s). CC BY 4.0.

2 Electronics at the end of the substructures: EoS cards

At the end of each substructure, the so-called End-of-Substructure (EoS) cards are mounted. These

printed circuit boards (PCB) interface the front-end electronics with the off-detector system, see

figure 2. The EoS communicates with the off-detector system via the VTRX+-module and optical

fibres [7]. The optical receiver provides 2.5 Gb/s for the RX-link (to the EoS) and 10 Gb/s for the

TX-links (from the EoS). The power and some critical signals are using electrical cables. The

lpGBT-ASICs [8] convert the RX-link to signals for the front-end modules and multiplex the 14 or 28

incoming data-streams (640 Mb/s), E-links-A/B, from the front-end modules to one or two TX-links.

With the connection to the front-end modules the following is distributed:

– Low-voltage (10–12 V, <10 A),

– High voltage for biasing silicon sensors (<550 V, <15 mA),

– Three or four CCR-buses for LHC-synchronized Clocks, Control and Reject signals (160 Mb/s),

– Slow signals to and from the AMACs [10] for configuring and monitoring.

The mechanical integration of the EoS cards to the substructures, see figure 1 and for details [11],

is performed by gluing a pair of EoS cards to both sides of a carbon-fibre structure, which supports

also the sensors with their electronics. The electrical interface to the off-detector electronics is a bulky

connector, which is screwed to the overall support structure of the ITk. Because the connector positions

need to follow mechanical constraints for the overall integration, connection between the connector

and the active part requires a flex-lead as integrated part of the PCB. Its geometry and by that the

design needed to be adapted for different locations within ITk. For more details of the design see [12].

In total 2000 cards will be produced. Since these are divided into 14 different flavours, the number

of cards per individual flavour can be as low as 14. This complicates the production and the tests for

quality-control, because only very low statistics can be accumulated on the individual flavour issues.

Just for the common behaviour the statistics is sufficient to detect low-rate problems.

Three different versions of the lpGBT-ASIC have been used: v0, v1 and v2. The early version —

v0 — was used for validating the design in the early phase of the project. The v1 version was used in

production until serious faults were discovered, which are described in section 4 and 5. A new version,

v2, addressing the faults discovered in v1, was delivered by the design-team (CERN-EP-ESE) [9]

and the production of the EoS cards was restarted. To date, 1031 cards with the lpGBT-v1 were

populated and 300 cards were tested before the faults could be reliably identified. 200 cards with

the lpGBT-v2 have been tested at the time of writing.

– 2 –
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3 Quality Control (QC) during the workflow

During production, the whole workflow is accompanied by test of the involved components. Ensuring

quality and minimizing later faults are essential, because the EoS cards are single point of failures for

a complete side of a substructure. The QC starts with the production of the PCBs and ends with the

packaging for sending the EoS-modules for integration into the substructures.

– The bare printed circuit board (PCB) production was performed at an external company.

There QC-checks cover the etching per layer, the geometry, the dimensions, the drilling, the

metallization (see figure 3), the impedances and the connectivity matrix.

– A custom test coupon, specially designed for usage by the EoS-QC team, is part of each

EoS-production-panel. It is populated with the same process and machine as later the EoS cards

themselves. QC-checks allow to verify the impedances, the resistance of 1 m-long traces on

each layer and the ability to solder same pitch-Ball-Grid-Areas (BGA) (0.5 mm) and to bond

onto the Cu-Ni-Au-surfaces (ENIG) of the pads.

– After performing the SMD-soldering, every component and solder-joint are checked with an

automated optical inspection. While positioning the BGA the presence of each solder ball is

checked optically.

– The boards are sent out to an external institute for an X-ray control of the BGA soldering, since

that is hidden and no more visible below the chip itself (figure 3).

– The through-hole soldering of the electrical connector to the off-detector system is performed

afterwards.

– The final QC-tests for functionality, mechanical integrity and dimensions are then taking place.

Using a fine-pitch (0.7 mm) needle prober each input or output can be connected and by that the

full functionality for digital and analogue performance can be checked. Another test allows

to thermal cycle the PCB’s down to -35 ◦C and to 25 ◦C and perform basic function test over

the entire temperature range. For the high voltage the isolation is checked up to (1.1 kV) twice

the maximum operation voltage with TΩ-measurements. All tests monitor the voltage, current

and temperature behaviour. Dedicated emphasis is given to the high speed data lines RX, see

section 5, and TX. For the TX special firmware allows recording the eye diagrams without a

company-specific protocol and during normal operation.

– Just before packaging final optical checks are performed to exclude mechanical damages that

might happen during handling for the QC.

In figure 3 examples of the QC-tests are demonstrated, which are selected from two different production

steps. For the in-house QC, the RX-checks are described in section 5. Details to the test and the

equipment are described in [13] and [14].

4 Identified faults in the lpGBT-v1 and solved for the version v2

Statistics from 300 EoS cards with lpGBT-v1 were accumulated. Two error modes inside the lpGBT

were identified and were discussed with the ASIC-design team [8, 9]. At start-up, the clock-tree

– 3 –
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