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1. System description




ATLAS experiment

« ATLAS (A Toroidal LHC ApparatuS)

« General-purpose experiment including:
* Inner Detector (ID)
« Calorimeters
« Muon Spectrometers

« Magnet Systems

« ATLAS will undergo a major upgrade for Phase-Il (more here)

« The ID will be replaced by an all silicon tracker, the Inner
Tracker (ITk):
+ Radiation hardness up to 10'°n,,/cm?*, 5x the current.
* Increased bandwidth — 1MHz readout. Current detector

would have been inefficient even at 60% of the planned

HL-LHC luminosity.
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Simulated event from the HL-LHC ITk detector


https://cds.cern.ch/record/1502664/files/LHCC-I-023.pdf

ATLAS ITk and the Outer Barrel sub-system

ITk layout for HL-LHC
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3D rendering — One quadrant

ITk Schematic layout — One quadrant, only active components shown

Pixel sensors in red, strip sensors in blue. The OB in light blue.*

*Technical Design Report for the ATLAS Inner Tracker Pixel Detector, CERN-LHCC-2017-021
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ITk OB mechanics overview
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I Tk OB services overview

DATA
< >
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< DCS > ITk pixel
PPO module
PP1 Type-1 Power bundle 8 Flavors vigtail
""" 4 flavors w. many ‘ 14 Flavors
...... length sub-flavors N, *
o* :
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5o o y Type-1 Data bundle
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length sub-flavors

-
v
S

69'\(\

SAMTEC ERF8-050 / 14mm RS
13 mm D
8 mm
SAMTEC UEC5 UCC8 SAMTEC Z-RAY MOLEX 502598-3993
custom interposer SAMTEC FTM-108-02

*More on Francesco Costanza’s talk: Production of flex circuits for the ATLAS ITk Pixel Outer Barrel
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ITk OB Powering :
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*Jeremias Kampkotter et al 2022 J. Phys.: Conf. Ser. 2374 012071
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ITk OB Data Transmission
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Quad Module

Type-1 data bundles igtail
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Data merging path
« Data from each module (4 ASICs) can be sent through 1 or 2 ASICs as needed.

« 1.28Gb/s uplinks, 160Mb/s downlinks.

 Impedance 90-110 Ohm for the full chain.

« Specification: max 20dB insertion loss at 640MHz.
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2. Electrical QC of type-1 data bundles




QA & QC stages of type-1 data bundles

Optoboard side
Termination Type-1 data

JeF-1go IO ool[[ST@M - PCB electrical test supplier
« Visual Inspection

CERN PCB
workshop

Extended Temperature Cycling
Extended Electrical Test

InC_I”_]ed data PCB Electrical Test
rigid flex - Visual Inspection Gottingen

External

- ¢ « Temperature Cycling
contractor . lectrical Testingd
* Mechanical Testing

V..
CERN >
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PRBSS
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A. Zografos

Pre-
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« Saving data
e Control of tests
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Prototype test system results — Ageptance: eye height & widtr

Plot 1 - Eye Diagram (Meas 1) X Add Nev ..
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3. Integration testing — Data path




Problem description
During:

« Testing in System Test

* Quality Control of Loaded Local Support
« Testing and QC during Detector Integration
Before operating the modules, more than 5h

are required for the drying of the
environmental enclosure.

Any issue* with connectivity along the

*Open/short on single or multiple

services chain results in >5h delay to open differential pairs because of wrong
the enCIOsure, le and try again_ connector mounting, contamination etc

Need to test connectivity
> without even powering!
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The assembled detector from the outside
]

- Downlink Quad Module
[

Type-1 data bundles

Two types of connections available on each type-1 data connector:
(Up to 16%) Uplinks

(Up to 8) Downlinks

*For the Outer Barrel
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Connectivity check of the downlink

____________________
Transmission line from
Optoboard connector to module
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Connectivity check of the uplink
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Connectivity check of the uplink

« Assume test circuit “Tester” tries to

charge up the detector circuit. oo |
i module |
H (11 b I
o If |V, — V| is “small”: | i
_____________________ detector | |
| S S . |
I Vo I |  Transmission line from | I |
I : | Optoboard connector to module I : I
: -[/ Ri 4 ! : /\/\/\/_KW\ : | C Vs :
| A VAVAY —>— i ) \LEBSQ |
| | | el | I
| | I T, 1 C |
| | | | Va |
' I S : |
|
| Tester - | | |
I |
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Connectivity check of the uplink

If we try to charge the capacitors in
the detector side “slowly” (w. high Rt) >

ForR > 2L/ i = Over damped response
t

Current is governed by C and R only
for a wide range of L (nH to mH++)

v

Chb

Vo :
| |  10kQ |
| AAA—+
| |
| I
| |
| |
: J__ |
(Tester |
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Type-1 data connectivity tester 1/3

In DC, Downlink
appears as : —

The step response of the Uplink
path, for appropriate series resistor
appears as:

Ct

—_— "

Type-1 data cable Module AC coupling
capacitance capacitors
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Type-1 data connectivity tester 213

detector

555 output:
Frequency « 1/Ct

MIMXRT1060 AP Y

Rect pulse train
3.3Vp-p
60kHz for 1nF

Thr/Trg
LMC555

x24

LT T RSN §
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Type-1 data connectivity tester 3/3

Type-1 Data tester prototype

PCB design of the type-1 data tester 3D model of the type-1 data tester
compared to credit card
« Optional handheld (battery powered) operation #Healthy Uplinks detected
« 128x32 OLED display D 4 U 6 ~|
« Output: Healthy/Unhealthy uplinks and downlinks " T #Healthy Downlinks detected

D:0,1,4,6_U:01,2345 _ |

Y | HealthyULIDs

UDC: 6,7 —

s Healthy DL IDs
Example Screen

Disconnected UL IDs

count with their IDs

CE’R'W A. Zografos 23




4. Conclusion




Conclusion
« ATLAS ITk OB will soon start to come together.

« Complex system comprising of dozens of different parts, long and convoluted

services chain.

« Type-1 data electrical QC system was developed, based on a simple concept of

multiplexers, signal generator and oscilloscope.

 Type-1 data connectivity tester is based on resistance & capacitance measurements

- With small changes, such a tester can be used for other systems where checking

electrical connectivity in a fast way, without powering anything, can be useful.
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Thank you for your attention
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