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1. Introduction

The ATLAS experiment 2026 Inner Tracker (ITk) upgrade will include silicon pixel detectors, requiring high-bandwidth readout. A total of approximately or up to 26,000 CMD and data links, operating at
a rate of 1.28 Gbps, will be needed to read out the three ITk subsystems (Outer Endcaps, Outer Barrel and Inner System). The high-irradiation environment requires up to six-meter-long copper links
between the front end and conversion to optical signals. The links must be of the lowest possible mass, radiation hard and match the allocated signal loss budget of 13dB at 640MHz. Custom
developments of gauge 34 AWG Twinax cables with polyethene dielectric and aluminium shield have been demonstrated to fulfil the specifications. The signal loss of readout chain elements in single
links has been validated using eye diagrams on fast oscilloscopes, a method unsuitable for testing all ITk links. The work presented the development of an FPGA-based data acquisition system capable
of conducting simultaneous Bit Error Rate (BER) tests and recording virtual eye diagrams for up to 32 links per connected assembly, scalable to test multiple assemblies at the same time, at the ATLAS
ITk pixel data rate of 1.28Gbps.
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Figure 1: An example of eye diagram

Figure 2: An example of BER Diagram
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4. Vector NetworR Analyser (VNA) & Matrix Conversion
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*¢* DUT = Industry-standard mini-DP cables
of various lengths.

*$* Each mini-DP has five lanes,
** CMD-CMD, D3-D0, D2-D1, D1-D2 and DO-

Figure 11: DUT (Type-1 Twinax Bundle) Connection

*¢* The DUT changes to Type-1 Data links sample.
** FF1 3040 + 10 mm, FF2 3150 * 10 mm.
** Each FF has 10 links (CA1-CA5 / CA7-CA12).

)5 N1 Ja )3 )6 J2 )5 1 )4 )3 )6 J2

D3
< . .
Figure 6: DUT (Mini-DP) Connection +» The total test time ~10mins. *%* The total test time ~6mins.
FF1P1-FF2P2_DPMO02 Eye Amplitude % Sdd21 Log Ma
* The calibration / finding out the weak & unsuitable channels of the DAQ channels in Fig 7. o | scon FFIPLCAO2-6267360732 3y LOGBER FF1-CA2
* J4-)6 channels have high transmission quality. o5 | 100
idth % Run Data Eye Amplitude % 1m MiniDP Eye Width % 1m MiniDP Eye Amplitude % 901 :
. 1meter ?”” = EgyeWIdth o DPMO2 SLAC e S DPMO2 SLAC 85 - FF1 FFZ 0 _10 305 dB
I A = : = : : 70 - -0.4 -02 0.0 02 04
e s mm & s soss mes = me ; : : : : v e | : Pov o e ovy : v Unit Interval
UL I T S M- - I (S R B R e T e °
:: .--.--.: -- -. 2 s) - o o sl ®_ v o & = mvy i . 60 - ‘ 60 - 5
o T AH NS . ** Failed >~40% - 8/20
0 40 . 40 - : v 40 o 50 - _
S R T A SRS S R R T G I N ** FF1:CA4,CA5,CA7 and CAS8
] WA L A A AR N w0l " g o ** FF2CA1,CA2,CA7 and CA11 FF1-CA4
104 10- . ZZ: ° ' Scan_FF1P1CA04-G2P85G0OP20.csv Logi0BER
A I T T JIRAE A N N N S A | A B A N ’ T 15 129 -24.058 dB
(a) (b) . . .
Figure 7: (a) The amplitude and width values of 1&5 meter mini-DPs, (b) the mini-DP calibration outputs of three different test centers. . o~ 0 -ﬂ.
dB Loss Variation Based on 1 & 5 Meter miniDPs v
[ S y | 1-meter ** To identify the transmission o T oo
J1 J2 J3 J4 J5 J6 g DO_ D3 . ]
ot [0 ) A mbter I quality of all lanes, QC strategy N S 04 0o 00 02 o4
) 1202 _ ' o, 8. Unit Interval
’ - lDO p3 l n Flg 8 Figure 12: Eye Diagram vs Insertion (dB) Measurement on Type-1 Data Links
| ** Thel from J4-)6
=] 5 i | +* The lanes from J4-)6 are :
e 5 eter | I t-meter | H . reliable. 6. Conclusion & Further Plans T — o
ss CMD I 1 (MD 1 | *%* \While ~3.5 dB for 1-meter, . _ ery nrst bundie assembore
e | s 1 3 - ** The proposed DAQ system has been tested in three by the vendor as part of the
N B i1 i ~10.8 dB for 5-meter in DO-D3 _ _ _ teration brocess !
Figure 8: The 6x6 Matrix QC Strategy SO T R R I T T R lanes of the Mini-DP different locations and gives parallel outputs. P R -
' TS . .
Figure 10: VNA Insertion (dB) Loss Measurement : : : A X4
oo e st ] <% The pass/fail criteria ~ %25-35 +* The calibration of DAQ channels, usable channels found ' | |
- — 150,04, 0: 3.86 j:: f " 1:28.86,0:3.20 as an amplltUde. .“ OUt. - - . FF2 — CA1
'L-.meter‘ ‘5-meter‘ +* Parallel correlation between insertion (dB) f”}»
The steeper rising/falling edge , loss/amplitude of eye diagram. AGR 7
g .. g : : G i _ A
o . %28.9 + 3.2 ~ large eye amplitude ~ high o The ﬂrst- protot_\/_pe of Type 1 data bundle tested basegl on -t
©50.0X3.9 - ’ . - pass/fail condition, pin solders do not have good quality. L d P e
§ i transmission quality [2]. . . L (77 497,
AR AN ** The further plan: assembly will be done by laser-stripping A4 P!, J
0 20 40 amplitude 60 80 100 0 20 40 amplitude 60 80 100 g ‘ 3 ‘

Figure 9: The Eye Amplitude Distribution method. Figure 13: Low Quality Pin Solder
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