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Disclaimer

* | am by no means an expert on integration

* My view is rather DAQ centric

* Many thanks to Benedikt, Marianne and Susanne
for material and suggestions

* Work is due to their efforts, errors are all mine

Andreas Korn Otranto, 8™ May



Overview

* SR1 at CERN
* Major staging and test area
* Slice test
* Prep ongoing, first parts expect this summer
* First test of large scale system
* Integration

* EC to arrive 04/2027

* Bringing the detector together

* Essential health and reception test
* First test of “real” system

Andreas Korn Otranto, 8™ May



SR1 Layout
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SR1 Layout
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Slice Test

* In the SR1 Radiationlab at CERN
* Timescale: ongoing, first items expected summer24
* First time to test larger scale system
* First time to test different systems together
* Important testing ground for all systems

 especially DAQ

* "realistic PP1 and on/off-detector cables”
* Very tight timescale — need to use existing systems

* Pre-production power supplies
* pre phase-2 DAQ

Andreas Korn Otranto, 8™ May



SR1 Radiation lab layout
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Expected Loaded Local Supports

SP HV

LLS type chains channels

EC
L2

OB
L2 flat

SR1 slice
>

* 52 pixel modules (EC: “Ring2")
* Potentially + strip systems
* Possibly explore data emulators

16 2 4

36 4 8

52 6 12
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Overview

Hardware Chain — Initial Testing
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Zazaboard to Optoboard

6 DP to Opto-Board adapter card \

Modules mast have internal AC decoupling
for serial powering mode!

Display cables
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Overview: Slice Test Setup

Hardware Chain — Production
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Readout Overview

cold plate

ITkPixV1.1
digital quad

Shuffling | | Optobox
Fibers with 1 OB

ITkPixV1.1
digital quad

E sub-system specific

Shuffling Optobox | {|©B to twinax full quad
Fibers [ |with2-3 0B [T| 2adarter

full quad
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DAQ Sketch

* Microservices being deployed
— testing and feedback crucial

Ul

Ul

API

API

)

—

. Current phase 1 DAQ plan very module QC centric
* Need to scale to multi modules

Gerhard Brandt
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https://indico.cern.ch/event/1395925/contributions/5905085/attachments/2837431/4958710/Scan%20Calibration%202024-04.pdf
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https://indico.cern.ch/event/1395925/contributions/5905085/attachments/2837431/4958710/Scan%20Calibration%202024-04.pdf

DAQ/Calibration GUI Sketch
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Topology Services

Select the displayed runkey
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Expert Panel Example

Optoboard GUI
Configure all Optoboards ‘ Edit GUI Configuration LLSQC-0OB7 Health Celery health

OB7 i ]

Select device: Read register Read back: Set Equalization

Ipgbtl = Gl 1o Manual selection 0

Med Frequency O~
Write register Read back:

High Frequency Q- P
Read Status

IpGBT status QOOO
Swap polarity

Perform BERT BER limit: Link (Rx/Tx)

Uplink Ow Meas Time 12w Link number

Set Phase Mode Select moc

Group Ov Phase

2024-04-24 :58: celeryTasks.py - Executing run_startup_task at worker_ready signal...
2024-04-24 :58: celeryTasks.py - run_startup_task executed!

2024-04-24 :58: celeryTasks.py - Loading...

2024-04-24 :58: InitOpto.py - Current working directory: /root ; ek
2024-04-24 01:58: InitOpto.py - No config path provided, using default configuration file "test mg

2024-04-24 =58: InitOpto.py - Initialising config from /usr/local/lib/python3.9/site-packagq " rommTod
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Expert Panel Example
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DAQ Status

* A lot of development ongoing,
still a lot more needed

* Very limited experience with multi-modules
* Need DB infrastructure
* Need calibration and analysis system

— that can handle larger structures

* Need reliable and fully functional DAQ backend

* Eventually will need optimisation (scan time)

* Slice test is crucial testing ground

* Without thorough testing: DAQ & system will not be ready

Andreas Korn Otranto, 8™ May



Integration Setup

* Integration in SR1 at CERN

* |Installation summer 2024-2025

» Start with Quter Barrel Integration
* Split between bldg. 161 (OB IU) and SR1 (layer)
* Up to 504 quads!

* EC testing in Frascati and Liverpool from 2025

* EC expected to arrive in SR1 ~04/2027
 EC: up to 352 quads
* First EC will be EC C, second EC A

Andreas Korn Otranto, 8™ May




Testing timeline in ITk Pixel Integration

. . . 12.5% Inner Endcap Rings  Milestone: IS Integration  50% IS Barrel Staves LO Inner System inserted and

Milestone: IS Integration : : i Test IS EC1 dressed up at PP1. leak
DI Loading and Testlng PRR Loading and Testing i " '
Completed (Equivalent to Fri 10/10/25 Completed IS checked
1st IEC quadrant) Fri 03/10/25 - (59-84 modules) Fri 05/05/28
Fri 27/06/25 ) -

Jan'23 |Apr‘23 lJuI lA‘)r 24 lJuI 24 lOct 24 |Jan 25 lApr 25 .|Ju| 25 lf.\cﬁ lJan ‘26 lApr 26 ‘Jul 26 ]Od 26 lJan 27 lApr 27 1Ju| 27 lOct 27 lJan 28 lApr .8

Design of IS Tooling Quarter Shell Integration Cold test of s Finish

Mon 14/12/20 - Fri 03/01/25 Mon 13/10/25 - Wed 09/06/27 llp o 220 edlilzs) Wed Mon | Fri 05/05/28
Test Half Reception test of inner Assemblies
Fri Fri 02/10/26 - Wed 30/06/27  (up to 260 modules)
Design of OB Tooling 0B Integration Tooling Integration of Indined Units OBH2 Layer 3
Mon 14/12/20 - Fri 28/06/24 Mon 01/07/24 - Fri 07/02/25 Mon 10/02/25 - Tue 23/06/26 (up to0 252 quads)  1ye 23/06/26 - Thu
Integration and Test Half Layers OBH2 Half Layer 4 0
Thu 04/09/25 - Mon 17/08/26 (up to 504 quads) Tue 10/11/26 - Tue 18/05/27 W
Design of EC Tooling Tooling and Test infrastructure ECintegration Integration &
Mon 14/12/20 - Fri 24/05/24 Mon 01/07/24 - Fri 07/02/25 Mon 10/02/25 - Tue 15/12/26 (up to 352 quads) =~ wed

Test Recept Outer Insertion of Outer

. > 06— Thu * Tue Tue Thu 09/09/27 - Tue
— — —~— — (up to 856 quads)

Fri 03/01/25

Final design review of

integration tooling (OS) SR1 ready for integration
Fri 28/06/24

12.5% EC-C L2 Ri == »
o% ECL 1S Bngs =4 TestEC L2 r Outer EndCap C delivered OBH1 Completed  gyter System inserted and
Loading and QC Testing OB IU L2 testing™rp,, 0o/10/25 SRR Tue 22/06/27 i Rl
of Itk Pixel (from Common Completed Tue 02/09/25 (80-176 quads) a dressed up at PP1, lea

and Pixel) Tue 18/03/25 ‘ (96-252 quads) o fue os/0azeT checked
Fri 14/03/25 | 25% L2 Longeron Tue 15/02/28

[ Integration and QC Testing
OB Site readiness review Completed (4xLL2)

for integration 25% L2 Inclined Half Ring Thu 09/10/25
Tue 17/06/25 Integration and QC Testing
Completed (6xIHRL2)

EC Sites readiness review Fri 15/08/25

for integration
Tue 17/06/25

Validated DAQ and scan and analysis framework for testing needed to run electrical tests.
Scans are |V, VI, MinHealth', ReducedPixelFailure', Thermaltest based on register read information, some in low
power mode.

"Module QC doc and EDMS 2685862  https://indico.cern.ch/event/1395925/contributions/5905784/attachments/2839231/4962387/PixellntegrationOverview-AUWA pr24-SK.pdf
17.04.2024 ITk Pixel integration - Susanne Kuehn
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https://indico.cern.ch/event/1395925/contributions/5905784/attachments/2839231/4962387/PixelIntegrationOverview-AUWApr24-SK.pdf

Reviews

2024

Q| Q2
®

Outer System
Integration FDR
14-15.5.24

Detailed Timeline

2025 2026

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

IS GM & Integration .

. OS Integration Site Readiness Review (incl. SR1) 06/25
Review FDR

IS GM & Integration Review PRR

Reception test Pixel equipment in SR1

commissioning PSUs, off-
detector cables for all sites

Installation of

tooling, setup OB
Meyrin site

installed and to be clean

OB inclined unit integration in Meyrin site

Staging of OB local supports

Tasks in SR1

Installation
of OB and
OS tooling,
setup SR1

Outer Barrel

Pixel Quter Balrrel Services
reception and installation

Pixel Outer Barrel Local support
reception and inclined unit in SR1

Pixel Outer Barrel Layer Integration in SR1

Pixel Endcap integration in Frascati

Pixel Endcap integration in Liverpool

- IPT need date 1/9/2027
- IST need date 2/9/2026

Pixel Outer
System
integration
and dressing
in ITk, after
insertion in
ITk by
common
mechanics

SR
stem Integration at SLAC -
IS setup . '.
Pixel Inner System Integration in SR1

2025 2026 2027
Q1 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 02/2028

3.3.24 Overview of ITk Pixel Integration in SR1 - Susanne Kuehn
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Services Summary

PP2
Type-2 DCS Env environmental

PP1 Connector incl. PSU

Environmental

LV PSU

1 crate — 10 channels

1 Type-2 Power —

2, 3 or 4 5P chains lor2 Type-3 HV ]
PP2 Box L EHU pairs + 1 safety loop each |

{2, 3 or 4 SP chains) ————

HV PSU

1 crate — 6 modules

-
Cut | issy Crate

Ethernet

Data Cable Optobox sl PP3 — MOPS-HUB _
Feedthrough 8 opto-boards A l] Ml VPP3/VCAN PSU

1 crate - 60 channels

Vopto PSU

1 crate — 10 modules

On setups in SR1 clean room In mounts in SR1 clean room In racks in SR1 rack room
https://edms.cern.ch/document/2685862/1

Andreas Korn Otranto, 8™ May



https://edms.cern.ch/document/2685862/1

Services Routing

Andreas Korn Otranto, 8™ May




Power Supplies
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https://edms.cern.ch/document/2931241/1
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https://edms.cern.ch/document/2931241/1

Integration Tests

* Performance Test
* Check against existing scan data from LLS tests

(https://gitlab.cern.ch/atlas-itk/pixel/module/itkpix-electrical-qc)

* Needs CO2 cooling

* Electrical Low Power Tests with limited cooling
* LP scans, noise
* Read V, T from chip registers

— DAQ register reads essential!
* BER/eye tests
* Ping Test
* LV/NTC resistance, Leakage current
* data links resistance/capacitance

Andreas Korn Otranto, 8™ May



https://gitlab.cern.ch/atlas-itk/pixel/module/itkpix-electrical-qc

Testing in normal power
and in low power mode
. Half-rings in half-layer shell all layers in 5 foreseen
testing steps (in one testing step up to 16 SP-
chains, 352 up and 176 down links)

. Full endcap all layers in 10 testing steps (in one testing
step up to 16 SP-chains, 352 up and 176 down links)

Enclosure

| Optopane

Detailed testing
steps in spare
slides

Opt. outlines

Optopanels | 401 | v T { i.‘.:::‘ S 7 -
services | Pk OEC
| i Type2 cables Integration

team

Not to scale, environmental enclosures and services not shown
.04.2024 ITk Pixel integration - Susanne Kuehn

Andreas Korn Otranto, 8™ May




Low Power Mode Testing

aza Chubinidze
| * Half-rings need testing without

CO2 cooling — Low Power mode

e Scan with one enabled
@i CoreColumn at a time

k* Analog scans needed?
: “1 * 3 Watts can be dissipated by Fans

LP mode
Pulser injection jumper

Module power in LPM is 155V, 2.0124 — 3.1 Limited experience with LP scans

. , Pulser with “square wave” 1.2Vpp, 100Khz - fu rther testing and investigation
ot S, needed

| Modify Scan console config (std_analogscan.json

Chip config: EnCoreCol0/1/2/3 = 0/0/0/0

Andreas Korn Otranto, 8™ May




Low Power Mode Testing

Dummy thermal Half Ring on LPM with convection K}i/ » F ;-mfn —f' '1 '
= |
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25 ] ! l »n 1 1
 — 1) 1
26 - 26
L] 2(50 00 6(5!0 ano 1040 o 20‘0 4(‘)() &0 SUIO 10400
Time [&] Time [=]
| O s e + Thermal Half Rings was tested with heaters under avg 3W and 3.5W with active
Measure air flow rate near to HR surface convection.
ﬂﬂﬂ“ Air flow was vertical directed to HR, where was measured flow rate for different
Airvelocity m/s 3.6 points of HR by flow meter.
Air velocity >=4 m/s is enough to maintain T * The avg heaters temperature are under 40°C. fon
Zaza Chubimidze

https://indico.cern.ch/event/1353986/contributions/5866686/attachments/2823320/4931112/LP%20mode%20testing%20for%20integration%20and%20LLS.pdf

Andreas Korn Otranto, 8" May 29



https://indico.cern.ch/event/1353986/contributions/5866686/attachments/2823320/4931112/LP%20mode%20testing%20for%20integration%20and%20LLS.pdf

Summary

* Slice Test in SR1
* crucial testing ground
* Need to use the time to develop large scale system
* Without it we will not be ready for integration

* Integration at SR1
* installation/preparation progressing

e Site readiness review in summer 2025

* Will rely on DAQ and systems being ready

* Need to ensure all functionality (low power, large
scale views) available

Andreas Korn Otranto, 8™ May



Bonus

Bonus Slides
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Summary

E-links

felix-tohost Data Out 0

Device 0

felix-toflx Dataln 0

_ : Info Out
- felix-register
/- Cmd In/
Reply/info Out

Data Out 1

Device 1

Data In 1

fifo2elink Statistics

FLX-712 Card fifo2elink

-

felix2atlas \

ATLAS: IS/ ERS

felix-bus

Other FLX-712 Cards
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Provisions OptoBoards

Fara:lgg Gaga

Opiohoxas Powar boxas

PPO Cable

Patch Panel Termination
———— Boards

Connactor

j IpGET
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GO P r
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ET&E f ' - BPOL12W
= | 100 b 2.5W Singe

and B downlinks

Type0d Connector

24 uplinks

== Local OV Dptobox

Serial PS
for &P chain
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Zazaboard to Optoboard

6 DP to Opto-Board adapter card \

Modules mast have internal AC decoupling
for serial powering mode!

Display cables

TLALALAL

<4

W LIw, '-/
PI'_D:WI![‘
““hoard

ZIF to 1DP

Andreas Korn
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Summary
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Summary

Felix-star (FW-trigger)

SCCv1.1 Quad v1.1

Scan time: 6.041S

Analysis: 701 ms Analysis: 718 ms
Configuration: 2181 ms | Configuration: 7163 ms
Processing: 0 ms Processing: 0 ms L, oA
' ' Digital scan (FW-trigger) ikl
—&— Analysis

Scan time: 5.394 s Scan time: 6.163 s "/_'/'
Analysis: 754 ms S teanr SN

Analysis: 565 ms
Configuration: 2184 ms | Configuration: 7147 ms
Processing: o ms

Processing: o ms

Scantime:5.4 S

I
E
w
E
-

Scan time: 256.783 s
Analysis: 823 ms

Configuration: 7200 ms

Processing: 0 ms

Scan time: 201.598 s
Analysis: 820 ms
Configuration: 2195 ms
Processing: 0 ms

e

-— —

2.0 2.5 3.0 3.5 4.0 4.5
Number of pixel front-end chips
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Summary

Grouping per half-shell and

per layer

L2: 11, L3: 8, L4: 9 half-rings
Manifolding inside PP1:
exhausts and supplies of two
half-shells combined in one

cooling feed-through
Type-1 services exit per layer

Testing steps

Detector section

Step 1,6

6 HR L2

Step 2,7

5 HR L2

Step 3,8

8 HR L3

Step 4,9

9HR L4 /2

Step 5,10

9HRL4 /2

Andreas Korn

Susanne Kuhn

Otranto, 8™ May




Summary

Test step

Detector Tested
Section

Number
of Serial
Power
Chains

Number
Data
(Up/Down
) Links

Number
of
Modules

5HR L2 (0.5
link/FE) left/right

10

160/80

80

6 HR L2 (1
link/FE) left/right

12

384/96

96

8 HR L3 (0.5
link/FE) left/right

16

352/176

4 HR L4 (0.25
link/FE) left/right

8

104/104

5HR L4 (0.5
link/FE) left/right

182/130

Andreas Korn

Otranto, 8™ May




SR1 Layout
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Control
room
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Radiation lab
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A Side Step

A tool to easily manipulate module and chip configs in python:

python pixel-config-viewer/scripts/manipulate config.py -h

usage: manipulate_config [-h] [-o OUTPUT_FILE] [-f {Y,YARR,LITK}] [-c {0,1,2,3} [{0,1,2,3} ...]] [-e CHIPSENABLED]
[-s {0,1,2,3,7}] [-1 {0,1,2,3}] [--enableColumn CORECOLUMN] [--enableAllPix ALL_PIX]
[--enableColPix startCol endCol value] [--enableRowPix Col startRow endRow value]
connectivity _file

Easy access, manipulation and conversion of pixel configs

Example:

python pixel-config-viewer/scripts/manipulate config.py CONFIGS/L2_warm_YARR.json -o itkttest.json --enchips "1001"

https://gitlab.cern.ch/akorn/pixel-config-viewer

Andreas Korn Otranto, 8™ May



https://gitlab.cern.ch/akorn/pixel-config-viewer

A Side Step

optional arguments:

-h, --help show this help message and exit
-0 OUTPUT FILE, --out OUTPUT FILE
output file to be written
- {Y,YARR,LITK}, --format {Y,YARR,LITK}
set output file format
-¢c {0,1,2,3} [{0,1,2,3} ...], --chip {0,1,2,3} [{0,1,2,3} ...]
apply command to chips -c 02 3
-¢ CHIPSENABLED, --enchips CHIPSENABLED
enable only chip 4: --enchips "0001"
-s {0,1,2,3,7}, --speed {0,1,2,3,7}
set readout speed (1280MHz = 0, 640MHz = 1, 320MHz = 2, 160MHz = 3) to all modules
-1{0,1,2,3}, --laneout {0,1,2,3}
set lane outtype (HALFCLK = 0, AURORA =1, PRBS7 =2, OFF = 3) to all modules
--enableColumn CORECOLUMN
set corecolumns --enableColumn "00000000000000000000000000000000000000000000001111"
--enableAllPix ALL PIX
set all pixels: --enableAllPix 1
--enableColPix startCol endCol value
set pixels in col: --enableColPix startCol endCol 1
--enableRowPix Col startRow endRow value
set pixels in row: --enableColPix Col startRow endRow 1

Andreas Korn Otranto, 8™ May




Summary

Andreas Korn Otranto, 8™ May
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