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Facilities and Equipment ATLAS ITk

* Clean Room
e |SO 7 Standard. Manual particle counter. Environment monitor with automatic email notification system.
* Microscope probe station
* Smart Scope metrology station with custom vacuum chuck.
* KERN digital scales for precision mass measurements.

e Detector Lab
* 1SO 9 standard (Not certified, but confirmed over a 2 week particle counting campaign summer 2023).
* Temperature, humidity and particle count monitored 24/7 by a canary board, logging to an influx server.
* Flex cleaning/drying and storage.
* Visual inspection microscope
* Vacuum sealer.
* Climate chamber.
* Module cold test setup.
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https://gitlab.cern.ch/guescini/canary/-/wikis/home
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Facilities and Equipment — Clean Room ATLAS X ITk

Probe Station - inside cleanroom Probe Station - outside cleanroom

xxxxx

V{&% ) as:b‘ Z
1)- Dry vacuum pump for the chuck

1)- PC with control and data acquisition software 2)- Dry nitrogen line for the cold chuck
2)- Platform with probe station needles 3)- LCR 4263Db for C-V measurements
3)- Deltapix camera (usually used setting: 1.6M, 1536 x 1024) 4)- Decoupling box to protect LCR
4)- Microscope (Olympus SZ-CTV stereo c-mount) 5)- Keithley 2635A for 1-V measurements
5)- Dark (light-tight) box and a light source 6)- Motor controller to move the chuck and microscope
6)- Cold chuck (under development) simen Hellesyyibower unit for the Peltier element of the cold chuck 4

8)- Chiller for the cold chuck



Facilities and Equipment — Clean Room

ATLAS

Smartscope - Metrology

%) Manufacturer’s description: Smart
Scope Flash CNC 200/ CERN Box Smartscope _ |mag|ng Module Thickness
CO[)Y . - 3.01 Entries: 10
@ XYZTravel:200 x 200 x 150mm | (&~ Field of view from 0.905 mm x 251 DO e s
@ XY Area Accuracy: E2 = (2.0 + 0.679 mm (7.00x) to 7.961 mm x i
6L/1000) um, Z Linear Accuracy: 5.974 mm (0.80x) 201
E1 = (3.5 + 6L/1000) pm 1] Standard def_lnltlon (64(_) x 480) 15
@ Scale resolution: 0.5 pm 0.92 Mega pixel resolution
. . . . 1 1 1 1.0 A
@ Fitted with grid projector for @ Ring, cogxml and backlight
enhanced focusing on specular @ ZONE3® metrology software for 05
surfaces clicking images
) Custom-made vacuum chuck for 0250 4175 4200 4225 4250 4275 4300 4325 435.0
- [pm]
metrology
1] Equipped with ZONE3® metrology
software
Max. module width Max. module height BM weight
4.01 Entries: 10 2.00 Entries: 10 4.0 4 Entrles: 20
3.5 gﬂt;adérsez\IQ?ggig 1.75 4 2"53_?555;152?,4 Mean: 408.18
Nominal Value: 20300 +50 Nominal Value: 21144 +60 3.5 1 Std. Dev.: 0.39
3.0 A 1.50 A
2.5 1 125 3.01
2.0 1 1.00 A 2.5 1
1.5 0.75 4 2.0
1.0 4 0.50 A 1.5 4
0.5 A | | ‘ 0.25 4
0.0 - ! 0.00 . . ' . ' 1.0 -
20356.0 20358.0 20360.0 20362.0 20364.0 21176.0 21178.0 21180.0 21182.0 21184.0
[um] [um] 0.5 A1
0.0 T T T T T T
404.0 405.0 406.0 407.0 408.0 409.0 410.0 411.0 412.0
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https://www.ogpnet.com/products/metrology-systems/multisensor-metrology-systems/smartscope-video-multisensor-systems/smartscope-flash/smartscope-flash-200/
https://www.ogpnet.com/products/metrology-systems/multisensor-metrology-systems/smartscope-video-multisensor-systems/smartscope-flash/smartscope-flash-200/
https://cernbox.cern.ch/files/spaces/eos/user/s/shellesu/ITk_SQ_Bergen/TREC/TREC_INST
https://cernbox.cern.ch/files/spaces/eos/user/s/shellesu/ITk_SQ_Bergen/TREC/TREC_INST

Facilities and Equipment - Detector Lab
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ATLASX ITk

DYNEO DD 1000F
refrigerated circulator

- — Dry Storage Cabinet
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Peak Scientific
PG28L purge gas
generator
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Climate Chamber

WELCH WOB-L 2567C-50
Vacuum Pump

Canon EOS M6
Mlcroscope Camera

Olympus SZH
Inspection Microscope
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Facilities and Equipment — Detector Lab ATLA_S ITk

Relay Board

Trigger Board Peltier Power Supply Logic Board A

Module testing setup

PCTM
with LCD

Cold Box

Module Power




Bergen ITk Commitments and Activities ATLAS ITk

Exploded stylised view
of an ITk module

<+ Flex PCB
<+ Wire bond pads

<+—— Glue

<+ Sensor

1“ “ <«—— Solder beads

<+ Readout ASIC

Wire bond pads

Styliesed side-on
view of an ITk module
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Bergen ITk Commitments and Activities - Loaded Flex Reception ATL_AS Tk

* Flex PCBs for all triplet module flavours designed by the Oslo group.
* We are qualifying for reception test of loaded flexes.

e Cleaning

* Visual inspection

* Metrology

e Electrical tests

e Registration in the production database

T oy

- - - - - -
- - - - - -
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Flex QA/QC ATLAS ¥ ITk

20UPIP53264104
C317_scratch

S—
= P\
am

Ultrasonic ., Visual —  Metrology Electrlcal Shipment

Cleaning _ Inspection '« Smart scope _ Testing « Shipment

* Detergent * Microscope+ * Dimensions oLV boxes :
* Deionized Camera are within e HV * Packaging
Water e Defects tolerance

20UPIP53262102
C101 dust

» Received: 20 linear + 20 Ring 0.5 (pre-prod)

* All instock flexes have been visually
> InStock: 15 linear + 15 Ring 0.5 inspected, waiting for metrology.

* No electrical testing setup so far.

» Shipped: 5 linear + 5 Ring 0.5 (to oslo) 20UPIP53264105

Simen Hellesund J103_dust_hair
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Bergen ITk Commitments and Activities - Sensors ATLAS ITk

 The Bergen group are contributing to the testing of SINTEF 3D pixel
sensors

* We can do sensor IV and CV measurements with our probe station
setup.

e We areinvolved in ITk test beams. (poster with test beam results
from 2023)

* Currently contributing to a paper on the latest production run
of SINTEF sensors.

IV on Non-irradiated 3D full sensor die (Normalized to 20 degrees)
Conditions: (T=21.521°C) (RH:48%8%). Altemative |Ds: V9-1-

ATLAS ITk-Pixel |
Residual for 1-pixel clusters in local X -

w ' '33' ®610-1-011 ®613-1-008 © 623-1-001 ® 623-1-002 - SINTEF G10-S11 - SINTEF G13-S8  SINTEF G23-S1 ~ SINTEF G-23-82
%] = - Gont
£ 20 ATLAS ITk-Pixel Total Entries = 38289 - 0.9542' 30
o Mean = 0.268 +/- 0.057 ﬁ ,,,,,,,,,,,,, U S
+
00— FWHM = 45.838 +/- 0.180 —{09 £ e /
C Sigma = 4.830 +/- 0.076 " 5 1
Amplitude = 206.952 +/- 1.338 —10-85 §
150 — 4 =
o8 § 9
E s
F [&]
1001 0.75 2 !
L 2 6
C 2
2 5
. L 0.7 3
50— al e —_——
C 0.65 . i I
L | R P PR, W DV R "
E—T 20 0 20 40 60 _25 b L A 0.6 4
Xy Xy (1] 505 20 —15 —10 =5 0 5 10 15 20 25 E - - -

in-pixel Ko [um] Reverse Bias Voltage [V]
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https://cds.cern.ch/record/2878308/files/ATL-ITK-SLIDE-2023-605.pdf
https://cds.cern.ch/record/2878308/files/ATL-ITK-SLIDE-2023-605.pdf
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Bergen ITk Commitments and Activities - Readout Electronics ATL AS ITk
* Ourengineer Attig has contributed to simulations and performance verification
of the RD53 chip and of calculation of the data read-out rates of the ITk Pixel
detector (link).
* Simon has studied the efficiency of consecutive hits with small separation in
time.
*Also mapped local ground variation in the chip.
. T‘hr‘es‘holldIIVlellp Iafi}:elj Slfbtrgctro? frorln chlp 0x12283
Hit ratio for 2nd injection vs. double delay :: »
T reon / | %
::r::slcjlt;orre]set ;f;; . m)’/m” e o T iz— aé

0.0% e e ; —
&

Time after injection [BX]

Column
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https://atlas-glance.cern.ch/atlas/analysis/pubnotes/details.php?ref_code=PUB-ITKD-2021-02

Bergen ITk Commitments and Activities - Readout Electronics ATLAS ITk

* Simon recently came back from a research stay at Berkeley.
* He worked on how to improve ITkPix chip tuning to reduce the number of dead
pixels.

* He also studied the possibility of making a pixel detector by coating an ITkPix
readout chip with a thin film of selenium.

Failing pixels = 0

Pixel Occupancy Map, -400V, 1h run

Selenium-coated ITkPixV1 13

Simen Hellesund



Bergen ITk Commitments and Activities - Bare Modules ATL?QS‘ ITk

* For his qualification tast, Sohaib developed fast feedback test procedure
for bare modules.
e Bergen is qualified for bare module reception.
L AAAAAARAARARAA AN e Can receive bare modules here for testing before shipping to Oslo
< for assembly.

Simen Hellesund 14



_ ATLASY ITK
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Visual inspection

Bare Modules QA/QC

Bare Module IV

Electrical testing __-.----=~" -- RS3
- --- R63
el _  --- Ri3
/’ FBK/1ZM bare modules JRe -=- R83
10-5 - / R53: 20UPGB12200035 H -—- RA3
/! R63: 20UPGB12200036 ! RB3
_ ! R73: 20UPGB12200037 ! R24
< / R83: 20UPGB12200038 !
& ! RA3: 20UPGB12200040 I pr
E 107 i RB3: 20UPGB12200041 ' e
o i R24: 20UPGB12200042 ' T
4_9 [] ] /’/,;"’4’
’ : _"'M-/’;’/“
I = ’/,’
II e S et ‘<
10-7 lf:: el ) ":’,:,z
I --__‘——”’a
F mmm—mmmTTIIIZZES -~ Temp: 20 °C
I ,/’/o _____
ot RH: 37 %
I
IL T T T T T
0 20 40 60 80 100
voltage(v)
Metrology
Sensor Width Sensor Height BM Height FM to FE FM to Sens.
BM Sr. No Max (la, 1b) Max (2a, 2b) Max (3a, 3b) Edge 4a/4b Edge 5a/5b
[mml] [mml] [mml] [m] [mml]
R53: 20UPGBI2200035 20.3616 19.5593 21.1829 0.1079/0.1079 0.1149/0.1314
20.3624 19.5587 21.1818 0.1083/0.1113  0.1158/0.1273

R63: 20UPGB12200036

SITIEN Agenesuriu

§ Sensor systematic
rough edge or
dicing defect

Thickness

0.4225 0.1564
(0.0033) (0.0007)

0.4266 0.1633
(0.0058) (0.0064)
15




Bergen ITk Commitments and Activities - Module QC ATLAS ITk

* One of the main Bergen contributions to the ITk is in the form of module QC.
* Oslo will assemble Ring 0 triplet modules and ship them to Bergen to undergo full QC:

e Thermal cycling
/ ¥ * Electrical tests
[alsaannnninaaannnnini) * Source testing

* Stability test

* We have two test beds for cold tests, thermal cycling and source testing, one working (but
currently set up for linear triplets) and one under construction for Ring 0 modules.
* Thermoelectric/liquid cooling.
* Monitor module and air temperature and humidity, dry air flow, and vacuum pressure

(in progress)
I“ “\ » Software and hardware (in progress) interlock to shut down power supply and peliter
power when temperature or humidity falls outside of allowed range.

* First qualification of the setup has been submitted (step 10.1), working hard on the
rest.

* If one module takes 2 day to fully test, then with two test beds we will have a testing
capacity of 5 modules per working week.

Simen Hellesund 16


https://cernbox.cern.ch/s/QS9IG5CjqwyNdUU
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Bergen ITk Commitments and Activities - Module QC ATLAS ITk

Peltier Control and
Module Test Monitoring HW interlock Lab environment
converter board  (PCTM) board (3 separate boards)| monitor

| |°O
) ol \J 1 " \ ‘j ;I
Module testing station | -O- ‘
. Jg
Module carrier - C,)_(,) L\: PSU
1
Thermistor/ ) -0- |
humidity sensor —|LLdoo v sy
Vacuum chuck — P (‘306_'. I I
Peltier element — —{—° | Peliter PISU Environment control station
Liquid radiator * ~ o —
Insulated foam box | : ultimeter =]
Legend ST - S @ N
1 : N < .
Power e CH 2 -
Data £ el
Water v ﬁ (;D E
: acuum pum i :
............. Air J P P L Dry air Chiller
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Bergen ITk Commitments and Activities - Module Shipment ATL?QS‘ ITk

* We have developed and qualified a shipping solution for triplet modules.
e Joint order for triplet shipping insert foam. Has been distributed to triplet sites.
* Crates will be reused.

* Tracked in the production database

Name Triplet Shipping Crate A
Cote TRELETCRATE
Descrotion Hard plastic Pl case with 0ustom oam insat for shipping assembled rokt modules:

Camns in twe sizes: A smoll s2e (Peli 1507) holding four modules 3nd 8 large size (Pek 1605) holding 11 modues.

L] 6674181 Tesd3ad 00358
Casegory Rom

Progct Pixets 7/
Sutprefect [ Pt sesens

state [cre ’
ATLAS Serisl Numbes Msematic 4
SN Assigred Luter No

SN Component identhor Not set

Chid registration Not wailadle

Simen Hellesund 18


https://uuapp.plus4u.net/ucl-itkpd-maing01/dcb3f6d1f130482581ba1e7bbe34413c/componentManagerGate/componentTypeDetail?id=66741817ead3ed0035d78cff​ %20​
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ATLAS X ITk

Bergen ITk Commitments and Activities - Production Database

* Involved in the development and maintenance of the ITk
production database.

* Define database objects for ITk interlock crates.

 Create a webapp for the common temeerp
electronics project, based on the pixel and strips webapps R
developed by Kenny Wraight.

% Manage Crate

+  toggle debug for details

Select component

Enter identifier

Name Interlock Module . -
nter component identifier
Code INTERLOCKMODULE e 20UCELY9000004
Description A database object for modules of the Lissy and MIC crates of the ITk interlock. : :
Lissy Crate Numbering Scheme
Id 6628d12d2ab1c10035¢cd99a3
Category Assembly PSU Unit
Project Common electronics
Subproject Show page history
State | ACTIVE | Toggle debug
ATLAS Serial Number Automatic
SN Assigned Later No ot pri:
SN Component Identifier LM SusentTepite 151123
itkPdbTemplate: 14-02-24
Child registration No buitt onc 19-06-24 Front Panel

Simen Hellesund
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Qualification Progress

I/

ATLAS
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ITK

Qualification documeiBergen Statu Commen'

1 Lab Infrastructure

2 Database

block sub-block name Sub-block number Database Code
1.1 Lab rooms + services LAB_ROOM
1.2 ASIC Compliance & Handling LAB_ASIC
1.3 Storage of Bare Module, Module PCB and assembleLAB_STORAGE
1.4 Shipping LAB_SHIP
1.5 Production Rate Planning LAB_PRO
2.1 ITKPD account and necessary privileges DB_ACC

3 Flex

2.2 Setting up InfluxDB+Grafana and Local Database+itDB_SETUP
2.3 Setting up QC Helper/WebApps for non-DAQ data DB_HELP

8 Reception of Triplet components

10 Testing Setup

11 Digital Module tests

12 Full QC

2.4 Input format validation for non-DAQ data DB_MNON

3.3 Metrology FLEX_MET

3.4 Visual inspection on populated flexes FLEX_VIPOP

3.5 LV/HV test FLEX_LVHV

8.1 Instruments for metrology and reception TREC_INST

8.6 Metrology & mass of bare module TREC_BMMM

8.7 Visual inspection of bare module TREC_BMVI

8.8 Bare module Electrical test TREC_BMET
10.1 Cold testing setup TEST_COLD
10.2 Thermal cycling TEST_TC
10.3 Interlocks TEST_INT
10.4 DCS TEST_DCS
10.5 Testing Parallelization Setups TEST_PAR
10.6 Stability Test TEST_STAB
10.7 Source or x-ray test setup TEST_XRAY
10.8 Room temperature test setup (Digital) TEST_RT
10.9 Quad & Triplet Complementary stage TEST_TQ
11.1 First power-up DIG_1PU
11.2 Minimal tests DIG_MIN
11.3 Simple scans DIG_SIMP
11.4 Advanced scans DIG_ADV
11.6 Quad & Triplet Complementary stage DIG_TQ

12 Reception test for testing sites FULL_RREC
12.1 Temperature controlled testing FULL_TCT
12.2 Disconnected bump tests (source, crosstalk, no-biasFULL_DIS
12.3 Thermal cycling FULL_TC
12.4 Long-term stability test FULL_LONG
12.5 Full QC on 1 module FULL_QC1
12.6 Full QC on 5 quads/3 triplets in total FULL_QCS
12.7 Full QC data merging FULL_QCP
12.8 Quad & Triplet Complementary stage FULL_TQ
12.9 Swapping module DIG_SWAP

AT2-IP-AP-0018 v.1

AT2-IP-QA-0024
AT2-IP-QA-0037 v.1

AT2-IP-QC-0019 v.1
AT2-IP-QA-0031 v.1
AT2-IP-QC-0017 v.1
AT2-1P-QC-0020 v.1
AT2-IP-QA-0054 v.1
AT2-IP-QA-0052 v.1
AT2-IP-QA-0042 w.1

AT2-1P-QA-0025 w.1

Done
Done
Done
Done
Done 7

Done
Done
Done
Done

OBSs!
oBs!

Daone
Daone
Daone
Done

Submitted

Done
Daone
Daone
Done

Simen Hellesund

Qualification material collected here:
https://cernbox.cern.ch/s/mIivdGmQOFLX11Dai
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https://cernbox.cern.ch/s/mIvdGm0FLX11Dai

Summary ATLAS ¥ ITK

The Bergen group is, or has been, involved, at some level, at almost every stage of module production, from sensor
die to assembled modules.

Main contribution as a testing site for (Ring 0) triplet modules, but also contribute to flex and bare module
reception, test beams, database work, etc.

Many qualification steps have been completed. Working hard on the qualification of our test setup and of full
module QC.

Simen Hellesund 21
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