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Abstract: The silicon tracker of the ATLAS experiment will be upgraded for the upcoming High-16

Luminosity Upgrade of the LHC (HL-LHC). The main building blocks of the new strip tracker are17

modules that consist of silicon sensors and hybrid PCBs hosting the read-out ASICs. The modules18

are mounted on rigid carbon-fibre substructures, that provide common services to all the modules.19

At the end of each substructure, a so-called End-of-Substructure (EoS) card facilitates the transfer20

of data, power, high voltage and control signals between the modules and the off-detector systems.21

The module front-end electronics transfer data to the EoS card on 640 Mbit/s differential lines. The22

EoS connects up to 28 data lines to one or two lpGBT chips that provide data serialisation and23

uses a 10 GBit/s versatile optical link (VTRx+) to transmit signals to the off-detector systems. The24

lpGBT also recovers the LHC clock on the down-link and generates clock and control signals for25

the modules. To meet the tight integration requirements in the detector, several different EoS card26

designs are needed. Production-ready EoS card’s electronic design integrating final lpGBTv1 and27

VTRx+ ASICs from CERN are described, as well as results from recent quality assurance tests28

including detailed characterisation of the opto-electronics system by its bit error rate, jitter, and29

eye diagram representation. Since each EoS sits at a single-point-of-failure for an entire side of a30

substructure, a dedicated quality control (QC) procedure for the production has been developed.31
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and of the end-caps, and in addition radial dependent differences for the barrel 14 different designs91

of the EoS are needed, called flavors. They differ in geometry, number of signals from the modules92

to handle and number of populated lpGBTs.93

3 Basic design features94

In order to handle the many flavors effectively and to be prepared for common updates requested by95

parallel ongoing developments, hierarchical designs have been setup for the circuit diagrams. The96

flavor dependent top-levels are connecting blocks differently, which are commonly designed for all97

flavors. The bottom blocks are configurable per hierarchical appearance in choosing a specific chip98

(e.g. lpGBT-1, lpGBT-2), in specific pins and gates, in decision for leaving components unpopulated99

or in changing of their values and footprints. As a result, a block manufactured and tested in one100

flavor or changed for updates was proven for the other flavors as well. The gate swap option per101

hierarchical appearance was used, to optimize the connection of the lpGBTs to the bonding pads102

for minimal space and number of vias, see figure 3a. To take any risk of performance degradation103

from the 10 Gbits/s traces away, that technique helped to route all the other differential traces on104

just two impedance controlled layers limited by the requirement of PCB thickness (<1. 8mm) . The105

performance of the 10 G-traces, see later in section 4, was not verifiably improved by taking the106

crossing traces away, but the effort removed all questions and might provide head-room on a system107

level. They are likely limited by other factors or even by the measurement itself.108

A critical issue for the production of the PCBs is the fan-out area of the 0.5 mm ball grid (BGA)109

of the lpGBT in combination with the large sizes of the PCBs (25cm), the semi-rigid setup, a 12110

layer PCB, a reasonable total quantity of 2000 pieces, yet distributed over 14 flavors, and finally111

also the restriction to halogen free materials. This lead to a vendor-specific design. The main part112

of the PCB is kept in an industrial standard of 100 `m technology. Only for the two top layers, and113

within those only in the areas of the lpGBT chips of a size of 9× 9 mm2 that rule is violated and114

70 `m structures are used (figure 3).115

A symmetrical layer stack around the central layer is advisable to keep the PCBs flat. The needed116

46 differential pairs and inevitable crossings require two impedance controlled layers (100Ω). These117

have to be inner layers, because the bottom layer is glued to a conductive carbon-fibre core. By118

integrating the fan-out layer for the lpGBT into the insulation material of the impedance controlled119

Figure 3. Layout details: a) The differential pairs with minimized crossing: Layer 1 (top,GND) blue, 3

(impedance) red, 10 (impedance) green, b) Fan-out with 70 `m structure : Layer 1 (top, GND) blue, 2

yellow, c) Test points at bonding pads: Layer 1 (top, GND) blue, 12 (Bottom, GND) red and d) Detail of

the needle prober to touch the bottom test points in a pitch of 0.7 mm .
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4 Design check and quality control for the optical up-link139

For the quality control (QC) of all cards, test points are designed onto the EoS cards within 5 mm140

distance to the bonding pads. The ones on the bottom side of the PCB, will be contacted with a141

specially designed bed of spring loaded needles on a grid of 0.7 mm, see figure 3. Fast signals of142

640 Mbits/s can be injected without touching the sensitive bond-pads. This allows all of the traces143

to be checked electrically, except for the very last millimeters, which are checked optically and144

electrically during PCB-production.145

The most critical contributors for the performance are the 10 Gbits/s links. The designs are146

checked with an optical sampling scope with an analog bandwidth of ≈7.5 GHz (see figure 4). After147

observing that with default settings the version 0 and 1 of the lpGBT behave differently, scans of148

the 10 Gbit/s signals over the programmable output amplitudes of the lpGBT were performed. The149

defaults of the respective parameter are different for the two available chip versions, V0 and V1. A150

slight dependence of the eye width and height on that parameter was observed (figure 4). Setting it151

to the maximum modulation the best performance is reached and the ASIC designers do not expect152

drawbacks. No significant dependence to the environmental temperature (-400C to +200C) was153

observed. That range covers the expected operation conditions for the ITk-strip-detector.154

These measurements require too complex equipment and thus cannot be performed on each155

EoS card of the serial production. Therefore a VHDL-code for the KC705-board [9] was developed156

not relying on a special protocol. Within the receiving port of the FPGA a delay and threshold157

is set and wrong readings compared to the good timing are counted. In figure 4 good and bad158

eye diagrams are shown by scanning the modulation amplitude of the output of the lpGBT. Within159

10 minutes fractions of 10
−7 per bin are detected. These tests will run in parallel with all of the160

other tests at both cold and room temperatures. A parameterisation for good and bad eye diagrams161

during an automated test has yet to be developed.162

5 Summary and outlook163

The designs for 10 of the required 14 flavors are ready and behave well without debugging in all164

the tests. The production times and prototype turn-around times suffer from the none industrial165

standard designs. Around 30 EoS cards are used in system tests of the substructures [11] and no166

limitations of the system performances are traced to the EoS-design. The next steps are preparing167

the production, tuning the quality control with statistic of produced boards. The design work for168

the last flavors requires modifications in the geometry of the flex-leads only.169
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