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ATLAS X ITk ITk Pixel Detector Layout

Lancaster
University ¢ #

1
@ ATLAS Inner Tracker Upgrade for the high luminosity era

@ Replace the current Inner Detector with an all-silicon Inner
Tracker

@ Strip detector: ~160m? and 50M channels
@ Pixel detector: ~13m? and 5B channels

28 August 2025 Lingxin Meng (Imeng@cern.ch) —
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@ Five pixel detector layers: LO-L4
@ ~10k modules will be built and tested at ~25 sites world wide
@ See Caterina’s ITk overview talk on Monday

450 T T T T 3
400 = ATLAS Simulation Preliminary ITk Layout - ATLAS-P2-ITK-23-00-00 |
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_n=30

WAV LT

RN |
VAT
soom LT

50 /\JJJHﬂ/I/I | | LI+—"Inner Barre| and Endcap
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ATLAS X ITk Pixel Module Flavours HARaster

@ 8372 modules going into the detector

@ LO: triplet modules (~ 5%) for barrel (linear) and rings (round)
@ Using single 3D sensors

@ L1-4: quad modules (~ 95%)
@ Using quad planar sensors

@ See Matias’ talk on sensor testbeam results

n,
0075 e

. sensor (tile)

ITkPix v2 R0.5 round triplet module

ITkPix v1.1 digital quad module
on flexible printed circuit

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 2/26


https://indico.phy.ornl.gov/event/677/contributions/2725/

ATLAS Y ITk

Minimisation of Material Budget fancaster

Module

log; Digital
@o S PT)

D538

Module

Serial powering:

@ On module: chips powered in parallel at 6.25 A (L2)
@ On stave: modules powered in series of up to 14 modules
@ Minimise material budget and thermal load in services

Data merging:

@ Per FE chip up to 4x1.28 Gbps data uplinks — up to 16
links on a quad module

@ Not all links required depending on module position and
activity — data aggregation on FE chip

@ Innermost layer: 12 links per triplet module (4 per FE)
L3: down to 1 link per quad module (0.25 per FE)

2]
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ATLAS ¥ ITk

RD53 Front-End Chip

Lancaster EE3
University ¢ #

AES Reg= AV = Raunt
A K Vin

Vout

Vo 4~

2Vrer

1 Current headroom

Power burned in_<
shunt-LDO

Chip max
current

Digital current

Chip current  Analog current

Example current consumption of one readout chip
Powering

@ On-chip shunt-LDO (SLDO) voltage
regulator for serial powering

@ Over-voltage protection
@ Under-shunt protection
@ Low-power mode

A EEEEEEER

V |ea|es|es | o7 s |eo[paes|ec
23| a4 | a5 [0 a7 [ a8 a0 [an|as]ac|a0
92(93 0495 |96]97[o809[sals8oc|on

8263|8485 86|87 [6s|89[ea|ss]ec|en|se

71|72| 73] 74] 75| 76| 77| 78] 79[ 74| 78] 7c| 70| 7€

6263 64| 6566|067 [68|69[6al68]6c|6|6E

5253|5455 56|57 5859 [5a[585c|50

42]43| 24| 45]26|a7]s8[20[sa]sn|sc]en

3334 |35[36 |37 (3839 [3a[s8 |30

2425|2627 28] 292428

Identification:

@ Unique efuse (e.g. 0x23F A 2) to
encode a chip’s wafer number, row
and column position

@ On module: 4-bit chip ID via
wirebonds

Monitored [ —]
volages 1=

nfe—|

V_mux
[pad

Monitored
currents

NTC 1_mux
pad pad

NTC R_IMUX

Monitoring:

@ Analog multiplexer (MUX) for internal
currents and voltages

@ General purpose 12-bit ADC

@ Temperature sensing via on-chip sensors
or external NTC

@ Ring oscillators for radiation monitoring

— See Timon’s talk about the RD53 FE chip on Tuesday «+

28 August 2025

Lingxin Meng (Imeng@cern.cl
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Lancaster

28 August 2025

@ Modules assembled and tested at about 25 institutes world wide - organisational challenge!
@ Large diversity in laboratory infrastructure and production model
— Development of exact specifications and procedures for each test

— Site qualification required for each assembly and testing site in many categories

Lingxin Meng (Imeng@cern.ch) —

ATLAS ¥ ITk Pixel Module Production Flow University  *
Sensor Wafer are Module | rttTTT T
™ 2
Sensor Wafer Siog Bare Module
M fact P i
anufacturer g rocessing Assembly Legend
7
HE W WIEEE e G visual Inspection
Wafer Wafer Bare PCB ¥ Metrology )
@@ Basic Electrical Test
Probing Processing Reception . Different Temp.
- Full Electrical Test
~k7 Shipping
< ;% ~ Thermal
Burn-In
m g Cycling

— Development of common software tools for testing and accessing the central production database




ATLAS ITi Production Database (PDB) {jgg,%arlgitteyr

Record of all parts used in the detector including their history and tests
@ Outsourced to Unicorn University in Czech Republic
@ Host of mongoDB of 25 GB, development of database APl and GUI
@ Hierachically structured by component types:

@ Each component type has intrinsic properties, parameters, stages and tests defined
@ A component type can have child component types and parent component types

@ Batches of components

@ Shipments

@ Unique identifiers (UUID) or unique ATLAS serial number (SN) with encoding schemes
@ Limited functionalities other than storage of information

Supplementary
@ Large files stored on CERN EOS

@ Custom itkdb python package as a wrapper to interface with the Unicorn API, used by most PDB
interfacing common tools in ITk

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 6/26
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Lancaster

ATLAS X ITk Component Stages and Tests University © *
FE Chip Sensor Module HV Group SP Chain
Stages Stages Stages Stages Stages LLS Stages
FE Chip FE tests FE tests FE tests FE tests FE tests FE tests
Sensor v v \% v \% v
Module Module tests | Module tests  Module tests  Module tests
HV Group HVG tests HVG tests HVG tests
SP chain SPC tests SPC tests
LLS LLS tests

@ All tests on a component defined in a pool associated with the lowest component

@ Components get assembled onto parents and go through their stages

@ At each stage always the same tests (or a subset) are run

@ Only have to define the test once - ensure consistency of test definition and enable comparability between stages

28 August 2025

Lingxin Meng (Imeng@cer:
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ATLASX ITK Sensor QA/QC vaRersty

Sensor QC (IV) on every sensor tile by the sensor vendor on the wafer, plus batch tests on test structures per wafer (CV)
Sensor QA is done by a few ITk institutes on 1-2% per batch after dicing (QA’ed sensors will not be used in detectors)

@ Visual inspection of defects

@ Metrology for thickness and bow
measurements

Micron 150um Sensor CV Lancaster Micron 150um Sensor IV Lancaster (normalised)
150~ 352001 100006 LA

4 352901 00006 w518
4 —+ 352901 1o0oos_wsic

352901 100008 ML

352901 100006 MsLE

@ |V, CV and IT (leakage current vs
time) e

@ Irradiated samples
@ Testbeam

voltage (v)

28 August 2025 Lingxin Meng (Imeng@cer 8/26




ATLAS X ITk FE Wafer Probing vaRersity

@ All FE chip wafers are probed at ITk institutes
using BDAQ before shipping to hybridisation
vendors

@ Bonn and Glasgow already probed production
wafers

@ Other sites (Paris, Hongkong) being qualified
@ Rate (per site) is ~1 wafer (131 chips) per day
@ Exceptional yield of 90 %

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 9/26
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ATLAS X ITk Module Testing for Quality Control (QC) fancaster

@ Non-electrical QC aims to verify requirements:

@ Record any visible defects that can possibly lead to degradation in electrical performance
@ Ensure that physical module dimensions are suitable for a good thermal and mechanical performance

@ Non-electrical tests: wirebond strength, visual inspection, metrology (module dimensions and bow)

@ Electrical QC aims to verify two critical requirements:

1 The module/chip has to function within the given system constraints
2 Each module/chip has to have performance suitable for "good physics”

@ Electrical tests: sensor leakage current, FE calibrations and other basic chip functionalities, pixel matrix scans, tuning
to provide a good configuration/baseline, and pixel failure evaluation

@ Testing goals, detailled procedure and pass/fail criteria thoroughly documented

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 10/26



ATLAS X ITk Module QC * Tools HARaster

Common elements for the testing setup:

@ Common modular enclosure to keep the module safe during

handling and testing

Common type-specific (for quads and triplets) power and data

adapter boards and pigtails

@ Module testing temperatures comparable to later stages with
DCS, environmental control and monitoring

@ Common design for coldbox available

LINGXIN

Common QC software:

@ Using YARR [3] as DAQ (SW and FW using commercial FPGA boards via common order)

@ Module QC * Tools: pip-installable python packages:

module-qc-database-tools (MQDBT) [4] to interface with databases, e.g. generate config files or upload measurements
module-qc-measurement-tools (MQT) [5] to run measurements and record raw values

module-qc-analysis-tools (MQAT) [6] to interpret the measured results, do calibrations and apply cuts

local database (LDB) [7] to orchestrate these functionalities, automatically run analysis, act as local file manager
Example here: — https://itkpix-srv.ucsc.edu/localdb

@ Testing time per module full QC is 1h40 without IV and source scan — ~2 hours per module

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 11/26
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ATLAS ¥ ITK Interactions Overview fancaster

production DB StenlﬂtésstT'CS

DAQ PC

: « measure
viewer database) | Meas!

database analy5|s
MQDBT

28 August 2025 Lingxin Meng (Imeng@cern.ch) —



ATLAS X ITK Module QC Electrical Tests vARGasty

Complex (one test requires multiple inputs) and high level tests
@ Minimum Health Test (MHT)

@ Tests are ordered by relevance
@ Sensor biased at operational voltage and module powered at

Calibration of the injection circuit
Low power mode test
Data transmission

nominal current @ Digital scan
(except sensor |V, SLDO and low power mode) @ Analog scan
. . . ) ) @ ToT scan
@ Eye-diagram to obtain optimal data link delay settings @ Threshold scan
@ Chip efuses always checked against expected @ Tuning (TUN)
@ Gilobal threshold tuning
; ; ; @ ToT tuning
Simple (one test requires one input) and low level tests @ Global threshold tuning
@ Sensor IV @ Pixel threshold tuning
@ Core column scan @ Pixel failure analysis (PFA)
. . . @ Digital scan
@ FE chip calibrations @ Analog scan
@ Calibration of internal ADC @ ToT scan
@ Analog register readback @ Threshold scan
@ SLDO regulator curve @ Noise scan
° @ Disconnected bump scan
°
)

28 August 2025 Lingxin Meng (Imeng@cern.ch) — 13/26



ATLAS ¥ Tk

Leakage Current vs Bias Voltage

Lancaster EE3
University ¢ #

IV for module "20UPIM12602017"

< 100 ...
< 20UPIS22300051 norm. .0
= -~ Breakdown Threshold @ 85V
€ g0 4~ Operational Voltage @ 65V |
3] /
o == Leakage Current Threshold @ 39uA— N 245
5 --- Leakage Current Compliance @100uA -
O 60 H { DS )
g / i .t | 240 ©
g i . -
© 40 | > 235
g |
20 i 23.0
i
0] aEREsEasseR s rbaned 25

0 20 40 60 80 100
$  current (raw)

+ current (norm. 20°C) —— temperature

120 140 160
Bias Voltage [V]

@ Measurement using mqt: defined voltage range, step, settling

time and current compliance

@ Analysis via mgat: output IV plot

and results table

@ Plot measurement, normalised current to 20 °C, voltage and
current limits, breakdown indicator and environments

@ Plot bare module IV: comparison
specification

required comparison by

@ Triplet module: three single sensors are biased in parallel

28 August 2025
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IV for module "20UPIM54304203"

—~ 6
= 56.0
2 20.2
o= 5
55.8
§ 20.1
54 20.0 55.6
(9] - —_
o3 19.9 © R
g 5.4 ‘I’
;‘é 19.8 | =
g2 19.7 55.2
1 19.6 55.0
19.5
0 54.8
0 20 40 60 80 100
¢ current (raw) Bias Voltage [V]
+ current (norm. 20°C) —— temperature —— humidity
IV_MEASURE for 20UPIM54304203
Parameter Analysis result QC criteria Pass
BREAKDOWN_VOLTAGE -999 25, 999] True
BREAKDOWN_REDUCTION 0 [-1,10] True
NO_BREAKDOWN_VOLTAGE_OBSERVED True - =
MAXIMUM_VOLTAGE 81.04 -
LEAK_CURRENT 133 -
LEAK_INCREASE_FACTOR 121 [0, 2] True
LEAK_PER_AREA 0.104 [0, 51 True
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ATLAS ¥ ITk ADC Calibration

Lancaster EE3
University ¢ #

Goal:

@ Cross-check and update the ADC calibration done at wafer probing with the
help of an external multimeter

@ The calibrated ADC can be used to conduct all following measurements
without an external multimeter

Procedure:
@ Use the Vcal DAC range to output voltages

@ Record the ADC count and measure the Vcal voltage via VMUX using an
external multimeter

ADC_CALIBRATION for 0x21394

Parameter Analysis result QC criteria Pass
ADC_CALIBRATION_SLOPE 0.181 [0.15, 0.224] True
ADC_CALIBRATION_OFFSET 14.0 [-9,31] True
ADC_CALIBRATION_LINEARITY 0.65 [0.0, 4.0] True
ADC_ANAGND30_MEAN 0.02 [0.012, 0.023] True
ADC_ANAGND30_STD 0.0
28 August 2025 Lingxin Meng (Imeng@cer

VealMed[V]

0x21394

@ Measured data 2
0.6 —-- Fitted line Y 1

y = 1.8073e-04 * x + 1.3810e-02 &

500 1000 1500 2000 2500 3000 3500
ADC_Vmux8[Count]
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Lancaster EE3
University ¢ #

Analog Register Readback

ATLAS ¥ Tk

Goal:

@ Read back and verify all chip internal voltages and currents after configuration (e.g. 135 VDDA vs Trim Chip 0x21394
reference voltage for over-voltage protection - VrefOVP) 10| - Nominai oD vlue e

@ Cross-check and update the VDDA/D trim obtained at wafer probing el

ANALOG_READBACK for 0x21394 s 20 » *

s .

Parameter Analysis result QC criteria Pass é e o
> ]

AR IREF 3.7e-06 [3.6e-06, 4.2-06] True e .

AR_GADC 0.776 [0.703, 0.924] True 105 - g

AR_VCALDAC 0.796 [0.668, 0.987] True 100 - ‘
Measure: AR_VREFCORE 0457 [0.435, 0.49] True 095 L7
. AR_VREFOVP 2.006 (1.8, 2.152] True Tim
@ Allinternal currents and
AR_NOMINAL_SETTINGS [0. ..0.59]
Voltages ROSC Bank A vs VDD Chip 0x21394
H ChipNTC_vs_ExtExt 114 CLK 0 (7.995e+02, -4.622e+02)

@ Temperature using all
on-chip sensors and oo 1A s o]
external NTCs #R.YDDD V5. TR (095 . 1291 O s amoeron s sureron

@ VDDA/D vs trim value AR_VDDA_TRIM 10 [2.0,13.0] True 0 zg:“ﬂ‘“‘;;ge”:fsi:j::gf’

: . AR_VDDD_TRIM 1 12.0,13.0] True £ oo | T NoRemaTaet0 amsesn)
° A” rlng OSCI”atorS Vs AR_ROSC_SLOPE [1799.48 ... 1628.39| § ¥ -
VDDD i S % 50
AR_ROSC_OFFSET 462.21 ... -1061.9:
AR_ROSC_MAX_RESIDUAL [2.13..1.63]) e . —
AR_VDDD_SATURATION 1.0 =
AR_VDDA_SATURATION -1.0 095 1.00 105 110 115 120 125 130
Vo001
AR_IREF_TRIM 6

28 August 2025
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ATLAS ¥ Tk

SLDO Regulator VI Curve

Lancaster EE3
University ¢ #

Goal:

@ Verify the characteristics of the SLDO curve

@ Check all the FE chip internal values are within normal
operational range (e.g. the shunt current)

Procedure:

@ Record the voltage vs current at the linear portion from
~7.5 A down to below the nominal current
@ Measure relevant internal currents and voltages at each

current point

SLDO for 0x21394

Parameter Analysis result QC criteria Pass

SLDO_LINEARITY 0.029 [0, 0.09] True

SLDO_VINA_VIND 0.0 [-0.05, 0.05] True
SLDO_VDDA 119 [1.18,1.22] True
SLDO_VDDD 12 [1.18,1.22] True
SLDO_VINA 1452 [1.427, 1.603] True
SLDO_VIND 1454 [1.427, 1.603] True
SLDO_VOFFS 0.949 10.93,1.03] True
SLDO_IINA 0613 [0.566, 0.663] True
SLDO_IIND 0.89 [0.825, 0.978] True
SLDO_IREF 37

SLDO_ISHUNTA 0.045 [0.006, 999] True

SLDO_ISHUNTD. 0.064 [0.125, 999] False

28 August 2025
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VI curve for chip: 0x21394
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ATLAS ¥ ITK Calibration of the Injection Circuit HaReaster

Goal:
@ Cross-check and update the injection DAC (Vcal) calibration measured at wafer probing
@ Measure injection capacitance to ensure chip tuning accuracy

Procedure for Vcal calibration: Procedure for injection capacitance:
@ Scan the Vcal DAC from 100 to 4000 @ Measure from the capmeasure circuit lapmeas, kappar and
@ Measure the Vcal value using VMUX VDDA apmeas Via VMUX
021394 0x21394
07 @ Messured daa Pt @ Fixel injection capacitance
s 7.025 — Average Cpix = 6.943 fF
-
% o 56.950 L 3 g 3
o 8o = =
Py £ ooz
¢ 6.875
‘Parameter Analysis result QC eriteria Pass. N (measurements)
VICAL_MED_SLOPE 019 10.16, 0.24] True. ‘ INJECTION_CAPACITANCE for 0x21394
VAL ED_orrseT <o o e | ‘ Parameter ] Analysis result l QCcriteria l Pass ]
mw:::;i‘:::::lmaf :: LA ] ‘ INJ_CAPACITANCE ‘ 6.94 ‘ 16.0, 9.0] ‘ True ‘
e iz
ENiamean = vosn |
VCAL_HIGH_LINEARITY_SMALL_RANGE 06 ‘
‘VCAL_HIGH SLOPE_SMALL_RANGE_RATIO os [0.49,051] True ‘
VOALLMED SL07% SHALLFAVGE_FATO o ws o | we |
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ATLAS X ITk Low Power (LP) Mode pancaster

Goal:

@ \Verify functionality of the low power mode for the nominal low power current

@ Ensure LP mode can be used during integration to check connectivity before the connection of cooling
Procedure:

@ Send LP signal

@ Power on module in at LP nominal current

@ Measure relevant currents and voltages

@ Run LP digital scan to ensure communication

LP_MODE for 0x21394

Parameter Analysis result QC criteria Pass

LP_VOFFS 123 [1.229, 1.361] True
LP_IINA 0.18 [0.15, 1.0] True
LP_IIND 0.29 [0.25,1.0] True

LP_ISHUNTA 0.0031 [0.0001, 999] True
LP_ISHUNTD 0.002 [0.0001, 999] True
LP_DIGITAL_FAIL 82044

28 August 2025 Lingxin Meng (Imeng@cer




ATLAS ¥ ITk Data Transmission Lancaster €z
Goal:

@ Ensure data-link quality is sufficient for operation in the detector system with full services and connected to IpGBT
@ Ensure on-module data aggregation is functional in different configurations

Procedure:
@ Record an eye diagram with the DAQ

@ Test data link sharing in 2-to-1 (0.5 link/FE) and 4-to-1 (0.25 link/FE) merging modes

20UPGR93110390 0x21394

— Eye Opening [0]: 8
H  Best Delay [0]: 8

DATA_TRANSMISSION for 0x21394

Parameter Analysis result QC criteria Pass
02 EYE_WIDTHO 8 3,321 True
00
o 5 10 15 20 25 30 Z_TO_] E [, 1] it
Delay

28 August 2025 Lingxin Meng (Imeng@cern.ch) —



ATLAS ¥ ITk Minimum Health Test (MHT) Lancaster 2

THRESHOLD_MEAN selection for chip 0x22cca

o4
10°
Goal: 2 10¢
)
=
- ) . . =
@ Minimal set of scans to check functionality of chip in between stages 5 10°
5
b1
MIN_HEALTH_TEST for 0x22cca 5 102
Parameter Analysis result QC criteria Pass 100
THRESHOLD_MEAN 2461.14 - -
o
THRESHOLD_SIGMA 332.13 - - 10
1000 2000 3000 4000 5000
NOISE_MEAN 118.79 - - Threshold (e)
NOISE_SIGMA 13.6 - - 0x22cca (MIN_HEALTH_TEST)
TOT_MEAN 8.66 - - Dependent categorization isconnected
4000 | (F pixels included in single category) " bumps.
TOT_SIGMA 2.03 - - Electrical failures H
BAD_ANALOG_INTEGRATED 3111 [0. 7680] True 2 3000
THRESHOLD_FAILED_FITS_INDEPENDENT 3168 [0, 7680] True g
£ 2000
HIGH_ENC_INDEPENDENT 15 [0, 1536] True §

No e % 22 & &%
FEEEHHES

ch
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ATLAS ¥ Tk

Tuning (TUN)

Lancaster

University ¢ #

Goal:

@ Check that a tuning was overall successful and the chip behaves as
expected.
TUNING for 0x22cca

Parameter Analysis result QC criteria Pass

TUNING_TUNED_THRESHOLD_MEAN 1500.9 [1350, 1650] True
TUNING_TUNED_THRESHOLD_95_LOW 1426.26 - -
TUNING_TUNED_THRESHOLD_95_HIGH 1570.61 - -

TUNING_TUNED_THRESHOLD_SIGMA 38.0 [0, 100] True

TUNING_TUNED_TDAC_MEAN -1.4 [-6, 1] True
TUNING_TUNED_TDAC_SIGMA 4.56 - -
TUNING_TUNED_NOISE_MEAN 121.53 - -
TUNING_TUNED_NOISE_SIGMA 12.05 - -
TUNING_TUNED_NOISE_95_LOW 99.43 - -
TUNING_TUNED_NOISE_95_HIGH 144.58 - -

TUNING_TUNED_TOT_MEAN 73 [6. 8] True

TUNING_TUNED_TOT_SIGMA 0.3 [0,1] True
TUNING_TUNED_TOT_95_LOW 5.0 - -
TUNING_TUNED_TOT_95_HIGH 10.08 - -
TUNING_TUNED_THRESHOLD_FAILED_FITS 3110 - -

28 August
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10°

104

TUNED_THRESHOLD_MEAN selection for chip 0x22cca

110 ”HH

500 1000 1500 2000 2500 3000
Threshold (e)

TUNED_TOT_MEAN selection for chip 0x22cca




ATLAS ¥ ITK Pixel Failure Analysis (PFA) HARaster
Goal:

@ Ensure good physics data efficiency and determine number of failed pixels in each category
0x22cca (PIXEL_FAILURE_ANALYSIS)

Dependent categorization connected .. i
4000  (Faling pixels included in single category} Dfenectes @ Retiring source scan to be performed batch-wise
bled Col - : o n N n
Cotamn Pixels Electrical failures. : @ Radiation protection, setup, handling requirements
2 0] B2 =14 @ Disadvantage due to SMD components vs duration
g :
z
5 2000 @ Crosstalk-based disconnected bump scan with analog
8 5000
g injections into neighbouring pixels
1000 4 @ As fast as analog scan and very reliable
ol o 2 13 7 Dz 5 2 0 2 3 41 3 uns s, a0 ey e —
v 2 B Z RS20 1 2 173 = . =
5 o 0.0 & ; == -
*DISC PIXELS uses combination of various disc. bump identificaiton methods, and is § = " 5 é =
used to count the TOTAL FAILING category 2 - " e - =

Column
Hits
Column

Hits

@ High to low level exclusive pixel failure categories
@ Distinction between electrical and bump bond failure

PIXEL_FAILURE_ANALYSIS for Ox22cca

o

Parameter Analysis result QC criteria Pass fie - Bl '> bxd
ELECTRICALLY_FAILED 3134 [0, 7680] True fow Row
DISCONNECTED_PIXELS 3 [0, 76801 Tue Source scan vs crosstalk-based scan to determine broken bump bonds
FAILING_PIXELS 3137 [0, 76801 True
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Lancaster

ATLAS X ITk Issues Encountered University © *

@ Core column issue: see Charlie’s core column talk on Tuesday
@ Core column scan added into module QC routine, further developments and investigations ongoing

@ VDD trim saturation

@ VDDA and VDDD: voltage regulator trimmable via DAC 125 o ® .

@ Measure the full range and determine the best trim for 1.2V .

@ Saturation often seen on modules, not observed during wafer probing,
likely due to different powering conditions and power-sharing on module

@ Some chips on a module go into undershunt - less severe when given

more power

V" Improved/solved by increasing the nominal current

(6.06 A — 6.25 A for outer system quads)

PreProd 03 FE1
PreProd_08 FE1

PreProd_12FE1
PreProd_13 FE1

DgtFeb01 FE1

DgtP1 FE1

VDDD vs Trim Chip 0x20fb7

® VDDD vs trim
. ~-- Nominal VDDD value
° —— Fitted line y = 1.753e-02 * x + 1.045e+00

0 2 a 3 8 10 12 14
THm

@ Varying analog ground measurement

@ During site qualification observed large differences

@ Chip quantities through VMUX measured against module GND

@ Chip analog GND has an offset vs module GND defined only by the flex
design and wirebonds

v~ Diagnosed to be from GND loops in site-specific multi-module setup
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ATLAcPiE  Module Data Reporting - Module QC Statistical Tools ~ Hansaster

@ We notice most of the issues through support on Mattermost and during site qualification
@ Need to closely monitor systematic behaviour of relevant quantities
@ "Module QC Statistical Tools” create a website with module resports that shows various quantitites on all module data in the PDB

@ Updated on a daily basis via git pipeline
MODULE/INITIAL_COLD

E-! Summary yleld breakdown (INITIAL WARM)

2025
Q@Passed % shown ~ QC Passed T
o false is Module Passed es, 1145 chips, 11 = 800000386 + 0.00000015

| true m true H (98.5%) chips passed
false les, 1145 chips, 0000386 £ 0.00000018
(98.5%) chips passed
259 mn:)du\es passed
QC criteria v
— [0.000, 0.000]
200
150
100

/96.9% 74.5% 90.7% 90.5% 92.9% 98.79% 99.9% 57.9% 89.29% 100% 96.4% 60.9%

w
@
=}

w
S
S

N
K
o

Number of FEs

b & C,\ ©
F P & & FE S L & &
& IEF T EESEETSS 0
S Y \«P’ S v§ SF |
s & & & &
@c < & ﬁ\?\, & & & ;\v 0
&5 .@9 < 0.00000280 0.00000360 0.00000440
N AR_IREF

Yield breakdown of each parameter per test Distribution of each parameter value
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ATLAS X ITk Conclusion and Outlook Ualversity =8

Ready for ITk pixel module production:
@ Developed a comprehensive QC testing suite with good documentation and robust software development

@ Cover more than only electrical QC testing: interaction with databases, measurements, analysis, interpretations,
visualisations and GUI

@ Module electrical QC tests are in very good shape thanks to year long discussions and work at all fronts: test
specifications, PDB structure, software development, user support and feedback, and careful monitoring of data

Future improvements
@ Core column scan to cover more cases, e.g. threshold dependence

@ Increase testing speed and automation, e.g. move to fileless communication between
software packages

@ Develop module categorisation and scoring system

@ Support for module testing on loaded local support - many tests already work with FELIX HW
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ATLAS ¥ ITk Module Assembly hancaster gz

@ All modules assembled by hand, using common custom tools
@ Dispense glue via stencil to attach bare module (sensor-FE) and module flexes
@ Gilue choice: thermal/electrical conductivity, mechanical property (hard, soft),
strength, radiation hardness, thermal expansion — can potentially destroy bump
bonds and more (see the Strips talk next week)
@ Glue pattern (stress), distribution/thickness — liquid is difficult to control
@ Very tight constraints — small tolerances of a few 10 um

.r/(o

Glue
" Stencil

Module
[ Flex

O

Dispense glue via stencil onto flex Assemble flex onto bare module
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ATLAS ¥ ITk IV Analysis bRty

IV for module "20UPGM23210110"
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@ Original breakdown definition made for IV on sensor tile works fine on nice measurements performed on probestations
@ |V measurement on a modules has more fluctuation

@ Precision of HV supply often worse than specified - barely able to measure currents when cold

—  Simplify breakdown definition using leakage current as limit
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ATLAS X% ITk Module QC Database Tools (MQDBT)

Lancaster EE3
University ¢ #

@ python -m pip install module-qc-database-tools
@ Repo: https:/gitlab.cern.ch/atlas-itk/pixel/module/module-gc-database-tools
@ Mostly used to generate module and chip configuration files once the module finishes the assembly stage

@ mqgdbt generate-yarr-config --sn <ATLAS serial number>
@ Fills minimal values taken from wafer probing results: ADC calibration, Iref trim

[08/17/25 00:16:04] INFO [core] chip 8x22d62 initiated.

[08/17/25 ©0:16:05] INFO [core] chip 6x22d84 initiated.

[68/17/25 ©0:16:07] INFO [core] chip ©x22d7a initiated.

[08/17/25 ©0:16:08] INFO [core] chip 8x22d86 initiated.
INFO [core] sensor 20UPGS33303840 initiated.
INFO [core] quad module 26UPGM23211221 initiated.

INFO: Getting layer-dependent config from module SN...

[core] Generating module config for module 20UPGM23211221 with L2 from latest version for 1280 MHz.

INFO [core] Latest chip configs found for FE1 (chip 6x22d62) L2 warm!
[e8/17/25 ©0:16:10] INFO [core] Generating chip config for readout at 1280 MHz.

INFO [core] Latest chip configs found for FE2 (chip 6x22d84) L2 warm!
[08/17/25 00:16:11] INFO [core] Generating chip config for readout at 1280 MHz.

INFO [core] Latest chip configs found for FE3 (chip 6x22d7a) L2 warm!
[e8/17/25 ©0:16:13] INFO [core] Generating chip config for readout at 1280 MHz.

INFO [core] Latest chip configs found for FE4 (chip 0x22d86) L2 warm!
[08/17/25 ©0:16:15] INFO [core] Generating chip config for readout at 1280 MHz.

module connectivity file saved to v2test/20UPGM23211221/260UPGM23211221_L2_warm.json
FE1 config file saved to v2test/20UPGM23211221/L2 warm/0x22d62_L2_warm.json

FE2 config file saved to v2test/20UPGM23211221/L2 warm/@x22d84 L2 warm.json

FE3 config file saved to v2test/20UPGM23211221/L2 warm/0x22d7a_L2_warm.json

FE4 config file saved to v2test/20UPGM23211221/L2 warm/0x22d86_L2_ warm.json

module information saved to v2test/20UPGM23211221/26UPGM23211221_info. json

28 August
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: [8.224, 0.183, 10000.0],
7.878999999999999,

: 21663.984,

12,
+ 1.2606678246083638,
+1.2607392456916107,

: 1.2506536452262572,
: [13.266, 0.196],
16

: 21785.0,
: 22283.0,
: 1010.95,
: 997.087
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ATLAS Y ITk Module QC Database Tools - Other Functions HaReaster

— .Si‘:fysa"e stage(top_component, component) component Commands to run on components
fetch-reference-iv Main executable for fetching reference IVs from either production DB (default) or local DB.
Checks  Count generate-yarr-config  Main executable for generating yarr config.
[ —— get-bon-info Main executable for get BoM Information
Total 1686 get-vfd-info Main executable for get Vfd Information
Passed 263 1s List up components stored in LocalDB.
Failed 11 recycle-analysis Main executable for recycling a single analysis. !!! note "Added in version 2.5.1"
2‘;,‘ "ag m‘z’ recycle-esummary Main executable for bulk recycling a module entirely for each individual e-summary. !!! note
ope "Added in version 2.5.0"
Grade  97.7% register - component Main executable for registering components.
review-component Main executable for reviewing component uploaded to Prod DB.
run-full-qc Main function to execute all QC scans.
show-qc-pipeline Summarize the QC pipeline status. Can specify "pre-production (v1.1)" or "production (v2)", and on
top of that user can select modules by regex match to serial numbers using the -c option.
show-qc-status Show the QC status of a component and its sub-components.
All Other qubt fUnCtiOnS — show-test Show the contents of a test run in LocalDB. Only specifying the serial number will provide
candidate test runs interactively.

X checks for 26UPGM23211221

W check_attachments_exist. _electrical(test_run, component)
check_attachments_exist_vis_inspect(test_run)
X 67bde262d89b87c79afBefbc (VISUAL INSPECTION @ MODULE/ASSEMBLY): Missing front_image attachment
X 6798b6cc6205a7d43b024673 (VISUAL INSPECTION @ BAREMODULERECEPTION): Missing front_image attachment
X 67b896acd89bB7cT9ae5b265 (VISUAL INSPECTION @ PCB_RECEPTION MODULE SITE): Missing front_image attachment
W check_chip_configs(component)
check_duplicate_attachment_titles(test_run)
X 685bbc849092149c9f0c3a76 (VISUAL TNSPECTION @ MODULE/PARYLENE UNMASKING): Test run has attachments with duplicate titles
X 68793a962cbza5e98161c5ab (VISUAL INSPECTION @ MODULE/WIREBOND PROTECTION): Test run has attachments with duplicate titles
X 6879417207cb9964803dd99 (VISUAL INSPECTION @ MODULE/FINAL COLD): Test run has attachments with duplicate titles
X 68793b9a2cb2a5e98161ce63 (VCAL CALTBRATION @ MODULE/POST PARVLENE WARM): Test run has attachments with duplicate titles
X 687941702cb2a5e98161elcd (VCAL CALTBRATION @ MODULE/FINAL_COLD): Test run has attachments with duplicate titles

check_nissing_fechip_test_data(test_run)
check_missing_links_esummary(test_run) i
X 67ee541973b21e31354b2043 (E_SUMMARY @ MODULE/INITIAL COLD): Link is not set for MODULE_LP_MODE_FE_LINK_1 = component review
X 685bbcca6734e57626e048a2 (E_SUMMARY @ MODULE/PARYLENE UNMASKING): Link is not set for MODULE_ADC_CALIBRATION_FE_LINK_1
x 687941cc207cb9964803dcd® (F_SUMMARY @ MODULE/FINAL_COLD): Link is not set for MODULE_LP_MODE_FE_LINK_1

@ check_nqat_version(top_component, component, test_run)

® check_nqt_version(top_component, component, test_run) — Commands

sync-component-stages Main executable for syncing component stages recursively.

upload-measurement Walk through the specified directory (recursively) and attempt to submit all json files to LocalDB
as the QC measurement
upload- test List tests missing PDB uploading, and submit the selected test to ITKPD.
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R Lancaster E&a
ATLAS X ITk Module QC Measurement Tools (MQT) University ® ®
AT
"run_dir": .fyarr",
python -m pip install module-qc-tools :cuntEqu{'. :?'.ﬁgxwztmltw
Repo: https:/gitlab.cern.ch/atlas-itk/pixel/module/module-gc-tools riereister e T ol
bin/read-adc"

Interfaces with DAQ (and DCS if necessary)
mgt measurement <measurement> -c <hardware config> -m <connectivity>

Outputs raw values (no conversion/interpretation/fity — rerun analysis if necessary

@ Output data format strictly defined and schema-validated

Commands
adc-calibration
analog-readback
data- transmission
injection-capacitance
iv-measure
long- term-stability-dcs
1p-mode
overvoltage-protection
sldo
undershunt-protection
vcal-calibration

Records ADC counts against external measurements of the same voltage.
Reads back chip registers and records voltages vs trims of VDDA/D.

Run the Data Transmission measurement consisting of eye diagram and data merging check.
Measurement of chip parameters relevant to calculate the injection capacitance.
Records the sensor leakage current vs reverse bias voltage.

Collect DCS data for the long-term stability test (high-voltage power, module temperature).

Set the module in low power mode, read registers and run LPM digital scan.

Tests chip's overvoltage protection. Run in low power mode and requires the LP config.
Records the shunt LDO (SLDO) voltage vs input current.

Tests chip's undershunt protection. Run in low power mode and requires the LP config.
Records externally measured voltage against Vcal settings.

ingxin Meng (Imeng@cern

"high_voltage": {

“Lpm_digitalscan”: "run_dir" /1abRemote",
wpead_ringosc_exe” “on_emd": "./build/bin/powersupp
eyeDiagram_exe": "off_cmd": "./build/bin/powersupy
"gataMergingCheck_ "set_cmd”: "./build/bin/powersupg
“nax_attempts": 2, “ramp_cmd"”: " _/build/bin/powersug
“sleep_attempts”: "getI_cmd": "./build/bin/powersug
), "getV_cmd": "./build/bin/powersuy
power_supply”: 4 "measI_cmd": "./build/bin/powers:
wrun_dir "measV_omd": "./build/bin/powers
"on_cmd" : “polarity™: 1,
"off_cnd “n_try": 8,
“set_cnd "timeout": 38,
“getT_omd®: *./buil "success_code": @
“getV_cmd": iff
wmeasI_cmd": . /py] MUltineterr: {
“measV_cmd": " /by "run_dir - ./1abRemote",
Prg— "dev_cmd": [
“timeout": 36, "./build/bin/meter -e ./src/
"success_code": 1.
¥, “share_vmux": true,
"v_mux_channels”: [e, @, e, el,
“n_try": @,
"success_code":
I3
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ATLAS ¥ ITK Module QC Analysis Tools (MQAT) fancaster &2

python -m pip install module-qc-analysis-tools

Repo: https:/gitlab.cern.ch/atlas-itk/pixel/module/module-gc-analysis-tools

Central repository/package for all module level electrical and non-electrical analysis

Take well-defined measurement inputs (from mqt or other sources with the same schema)
mgat analysis <analysis> -i <input measurement>

Package and functions can be imported by other tools, e.g. localDB or software for loaded Ao TLBITOLOFFSET: { “aste: (-9, 31, o

local support measurements
@ Convert values using calibrated chip parameters, plots and pass/fail using a cut-file

[FADC_CALIBRATION": {
“ADC_CALIBRATION_SLOPE"

[0.15, 8.224], " :
. 311, "precision”: 0 }
"precision”: 2 },|

— Commands
adc-calibration
analog-readback
bare-nodule-sensor -iv
cutter-pcb-tab
data-transmission
de-masking
flatness This analysis script performs QC criteria checks on the flatness measurement.
glue-module-flex-attach
injection-capacitance
iv-measure
long-tern-stability-dcs
1p-mode
mass-measurement
min-health-test
overvoltage-protection
parylene
pixel-failure-analysis Classifies pixel failures and performs the pixel failure analysis.
quad-bare-nodule-metrology Perforns analysis of quad bare module metrology.

Performs analysis of quad module metrology.

quad-module-metrology
sldo Analyses the SLDO curve.

thermal-cycling
triplet-metrology
tuning "INJ_CAPACITANCE"
undershunt-protection
veal-calibration
visual-inspection
wirebond-pull-test
wirebonding-information
wp-envelope performs analysis of wire bonding protection roof envelope. The QC procedure is described in the following documentations: -
https://edns.cern.ch/ui/file/2648149/1/0B_WBMP_Assenbly_Procedure.pdf - https://edns.cern.ch/file/2648149/1/5Q_OBHBP_v8.pptx Tests are implemented in
test_cli.py with a conmand "wp-envelope” Presentation; https://indico.cern.ch/event/1529894/

Perforns the ADC calibration.

Performs the Analog Readback.
[0, 0.09], "precision: 3 },

[-6.85, 0.65], "precision": 2 },

. 1.22], "precision”

, 1.22], "precision":

Perforns the data transmission.

: [2.0, 13.00,

Performs the injection capacitance.
f2.0, 13.0],

Analyses sensor leakage current vs voltage measurement.

Performs the Low Power mode analysis.
: [0.666, 0.985],

[e.703, 8.924],

Performs the minimum health analysis of YARR Scans.
: [8.763, 0.924], "precision":

Performs the Overvoltage protection analysis.
[0.668, 0.987],
[0.435, 8.49],
[1.800, 2.152], "

{ "se1": [6.0, 9.8], "precision": 2 }

Analyzes the tuning performance from YARR scans.
performs the Undershunt protection analysis.
performs the VCal calibration.

Classifies pulls and performs the pulltest statistics.
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ATLAS X ITK Local Database (LDB) Lancaster €z

[3 Current Stage: Initial Cold

Tag ©:
— r— e - | B

Top Page of LocalDB Viewer

0UPIMS 0803 20UPe 81 3200053 MODULE/NTIALCOLD  VMEASURE  aeekago [Seecta - -
£ QC Test Dashboard

8 Assemble a new Module @ ITKPD. 2007681 2200045 et Tt s Sy . =
£ Upload QC Test RAW Resuits to LocalDB 20U PG FC 0145314

& Pull components from ITkPD 20UPGFC 0145318
20UPG 813200050

Q Browse LocalDB ) Candidate TestRuns ofthis Stage

« s
2 Browse OB Cell-Loaded Modules o ® rumncon ® b © mpcr © munreroms O smimacee O nn  © Rogunson ©
S Browse Modules 20UPIM1 2602100 0 MoDULE/ IV_MEASURE amonth  [selecta’ 2

ZBrowse PCBs PARYLENE_MASKING . v oo 24

200PGPQ 3002109
= Browse Sensor Tiles
= Browse OB Cooling Cells 20UpG £ 0097706

= Browse Bare Modules. 20URGFC0097I08 ot a5t €AY E

£ Browse Electrical Scans » 7
ElG tal) C Test: o 0057705 [3 Past QC Stages and Results » I3
S (Experimental) Compare Tests E
20uPIMI 2602240 20UPG 842100048 MoDuLE/ V_MEASURE amonh  [selecta ® QC cross-check (module swapping) (400U
. PARYLENE_MASKING g0 S
# Customize LocalDB e
W Create a new tag 20 U PG PQ 3602240

® nitial Warm (MoDULE/NITIAL WARY)
 Change components attached to scans

# Re-arrange scans to other stages

® Wire Bonding (MODULE/WIREBONDING)
PARYLENE_MASKING 0

& Initial data syne with TkPD. 200PG PQ as02028

& Request site qualification Block 2 and Questionnaire

4 (Experimental) Customize QC menu

% Check mail sending function

5 Account Creation

LocalDB top page with Searchable list of components Display of past stages
a list of functions and results

PCB assembly (VODULE/ASSEMBL

® Iniialstate to associate flex to bare module (MODULE/INT)

@ LocalDB consists of a local mongoDB and a custom viewer with a user-friendly and colourful GUI

@ Automatically run analysis upon uploading measurement output and displays analysis results

@ Local or cluster-wide file browser with customisations (e.g. defining site-specific stages/tests)

@ Imports other mg*t to generate config, run analysis and compile module summary reports to sign off a stage
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