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Brief self-introduction
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e Summer 2013: MEG Experiment @ PS|
e 2013-2014: muon g-2/EDM Experiment @ J-PARC
e 2015 -: ATLAS @ CERN

o SCT Operation

e Displaced heavy neutral lepton analysis
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ATLAS “Current” Inner Detector
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Hiomy Requirement for the pixel detector and
- its readout becomes demanding
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ATLAS “Current” Inner Detector
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ATLAS Inner Tracker Upgrade E 1400 ATLAS Simulation Preliminary .
- - ITk Layout — ATLAS-P2-ITK-23-00-00 -
120 4 strip layers E
1000 mesmm—— —
@ B n=20 -
* New Inner detector have to cope with 800, :
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400 —
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e Faster readout

, , : Current ID ITk
* 5Gbit/sperdatalink  — Coveredarea (Pix) [m2] | R 3
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® e
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ITk Pixel Sensor

e Main change in sensor technology is the increase

in the required level of tolerance to radiation

\
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>
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e 3D sensors: radiation hardness, low power dissipation

e Atthe innermost layer (LO)

* inthe triplet modules

* Planner sensors: high tabrication
yield and lower costs

* |n all otherlayers (L1-L4)

* |nthe quad modules

Luminosity | Layer Location R z Fluence Dose
(cm) | (cm) | (10'* neq/cm?) | (MGy)
2000 b~ 0 flat barrel 39 | 0.0 131 -
4.0 | 24.3 - 7.2
inclined barrel | 3.7 | 25.9 123 -
3.7 | 110.0 - 9.9
end-cap 51 | 123.8 68 6.3
2000 fb~* 1 flat barrel 9.9 | 24.3 27 1.5
inclined barrel | 8.1 | 110.0 35 2.9
end-cap 7.9 |299.2 38 3.2
4000 fb~—" | 2-4 flat barrel | 16.0 | 44.6 28 1.6
inclined barrel | 15.6 | 110.0 30 2.0
end-cap 15.3 | 299.2 38 3.5




Planar Sensor Required Performance
o Hitefficiency > 97% (after irradiation)

IBL 1Tk  Biasvoltage at end of life up to:
» Thickness of 200 Pm e Thickness of 100,150 Pm » 600 Vfor 150 Um sensor
« 50 x250 pm2 pixel cells e 50 x50 pum?2 pixel cells * 400 Vor100 gm sensor
P * neinp oo o[ oo
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OV H\; |6 6|6 o 0
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Guard Rings  n-substrate p-substrate *lereleele
|0 060 0|0
Y% Hv L. P ,

H\ H\ E?:ZEATLAS Prelimir?ry 41 i g
n-in-p technology '
« Well proven and understood technique s ' .
 Single sided process (simple production, low cost)

ZEL |||||||||||||| . U i 0.7
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3D Sensor

Required Performance
o Hit efficiency > 97% (after irradiation)

e 3D sensor used in the innermost layer +  Low operational bias voltage: 80-140 V

 Low power dissipation
e 150 um active thickness + 100 pm support wafer

e 50 x50 um2(endcap region)

: 50% 50 ym?, 1E 25% 100 um?,1E
e 25x 100 pm2(barrel region) 50 um .
um
. S >
e More radiation tolerant 5 [ZIS

Le=52 um
Le=35 um
Differencial FE U=70V

Linear FE U=140 V_f=(°

P

30 s s _ Efficliency map
25
20 " 10 25x100 pm?
158 TR 5 =
] BRI — =
sEx oy % 1020 30 T30 TS50 00 0 TR0 o0 00
q - )5 X [Um]
' X [pm]



ITk Front-End Chip

Single analog L Example of
Front End i i e 4 square pixel
= (& : '_J b o Fpd on sensor
? . | o A.}- "i:l.-
721 [ gkt above
Digital “sea” JESTIRT S  "-"{ e Bump bond
PR BERi 5 location

Analog
“island”

RD53A Prototype

« Jdifferent type FEs are on a single chip
e 400 x192 pixels

e 50 x50 Um?2

RDS53 Collaboration

ATLAS and CMS

65 nm TSMC technology (130 nm for IBL)
50 Um minimum pitch

Shunt LDO implementation for compatibility
with Serial Powering

Differential FE

136 columns
(17 core columns)




ITk Pixel Module Quad module (40 x 40 mm?2)

,,,,,,,,

Flexible PCB

Silicon Sensor—_, &

ASIC ——

Hybridization
e Fine-pitch bump-bonding
« Bump deposition, UBM, flip chip

Wire-bond
N A

Flexible PCB

Silicon Sensor

Flexible cable

e« 50 x50 Um?2 pixel
e 1.28 Gb/s per lane

Bump-bond
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Module QC

Difficulty for QC tests
e All modules have to ©ass "module QC”" » Perform comparable tests with variety of

testing setup
 Properly handle testing data to compare

e Many institutes (> 20) are joining in the Production

\

between different stage/sites

Bare module

Done at module assembly, testing sites

------------------__-__-_-_?_-_-__-__-_ ------------------------------ ‘

Bare Module : Cell : '

O O g .

Reception indi s Loading ! i -

1 SR e RS e : 0

@: %/) '@ []

Module PCB Bare Module to Py | | Wirebond Legend '

_ — Wirebonding | '

i Reception 5@ PCB Assembly 5@ Protection &%~ Visual Inspection 1

i 413 Weighing |

i E’F“T*' Metrology :

: ®.) Basic Electrical Test i

(fb/' o Different Temperatures|

To cell Ioading, : AN Burn-In LeThi o harylene 3 Full Electrical Test 0

- : : i ' \Z Cycling Coating k7 Shipping -
Integration site &”‘ 114




Database -
synchronize g = \’ A

e

*
loca

YARR (Read-out) YARR (Read-out) loca ‘M @

local DB
Bl

&

Env. Data Tempora ry N~ W
Uploader | Retriever Uploader | Retriever ’ ‘
Storage Storage i ’t
- = = - ' T B — —

r----

i
influx DB

Central DB: ITk Production DB
« Storage for all data of ITk

Time Value

B BN B B = = = = .
Bl BN B B B B B .
' B B O O e . y

—_—— = = = - - R - - -

Viewer

-----------------------

Production Site A Site B

Local DB:
« Temporary storage of each site

Local DRz © influxdb
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Database

Tools

|
| ITk Production DB
|



Data Flow

Data (File)

influx DB

scanConsole

DB Accessor

Local DB

DB Accessor

Web Browser ITk Production DB

Viewer

Web Command in Viewer

Upload Tool

Retrieve Tool

Archive Tool

Web Command

ITk PD Interface
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Local Data Base

NoSQL Database
 Favoured due to its flexibility compared to SQL DB ‘ mo ng()
 Datais stored as a “json” format (“document”)

Database Application

SQL NoSQL

e Relational e Non-relational

» Structureddata . Unstructured data { '{d 2001
Q. .

» Vertically scalable . Horizontally scalable ||f{ id: 2001, Module_ID: XXX,
» Table based o Document, key-value, || 1 oqie 10 v g";?atl‘ Ieﬁ(l)[;:eXXX, ?e”a'l 3[_‘"' oge,
graph, or wide- Location: Huga, Temp_1:1[,,,,],

column T Humi_1: [,,,,]
emp_1:[,,,.], ! }

Collection Collection Retrieved document

Humi_1:[,,,,]

} document MongoDB AP




Structure of LocalDB

DCS Registration ettt
Local DB Structure , user institution
(design meanings) environment - unique doc ID - unique doc ID
A+—+B there’s only one doc of A for every doc of B. (1:1) - unique doc ID - user name - site name
A+—<B one doc of A is associated with multiple docs of B. (1:M) R TP _
A>—B multiple docs of A is associated with multiple docs of B. (M:M) - DCS data [ e MAC address
A+—otB doc of A has to exist for doc of B to exist, but opposite is not. (0-1:1) i ; 1
) componentTestRun
Chlp- to—id - unique doc ID S+ teStRun
- unique doc ID component ID - unique doc ID
- chip name chip ID - timestamp
- chip type testRun ID - user & site ID
- geometrical ID chip data (ch, result ID, config ID) - config data ID (ctrl, scan)
environment ID - any other test info (e.g. run#)
, , config 50
user od com.ponent(chlp) B D
T - unique doc ID - fs.files ID
- serialNumber T
Institution H—0q - use & site ID _ title
- H - (proDB ID)
g f
;ﬂ com-ponznt(lgnodule) o fs.files H—od fs.chunks
- unique doc : .
. . ) - unique doc ID - unique doc ID
chllc!ParentReIatlon : serlaINL.lmber _ file name _ e files ID
- unique doc ID © U@ el - data size - binary data
- parent&child ID - (proDB ID) - hash value

Module Registration
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Leezl DR

Top Page > Component List > Scan List > Component > Scan Result

Component: 20UPGR10099999 (4' Component page of ITkPD
Current Stage: MODULEWIREBONDPROTECTION
Result: 133

£ Information

Local DB Viewer

Item Value
Serial 20UPGR10099999
Number

Component module
Type

FEtype  RD53A
Children  20UPGFC9999995 20UPGFC9999996 20UPGFC9999997 20UPGFC9999998

Custom Web application based on Flask o

Key Data Data
runNumber 133 Type Format Chip Display Download &
testType std_analogscan ctriCfg json (2]
stage MODULEWIREBONDING dbCfg json [~
component  20UPGR10099990 siteCfg json (2]
20UPGFC9999995 .
20UPGFC9999996 usercfg json ©
: 20UPGFC9999997 ~
Top Page > Scan List scancig json C
beforeCfg json 20UPGFC9999995 [~
startTime 2021/08/05 00:48:14
finishTime 2021/08/05 00:49:09 20UPGFC9999996 “
20UPGF(C9999997 (A
user kinoshita
° . - 20UPGF(C9999998 B
site gemini
S Ca n L'I St afterCfg json 20UPGFC9999995 B
targetCharge -1
20UPGF(C9999996 [~
targetTot -1
, . o 20UPGF(C9999997 (7
exec -r co.nflgs/controller/emqug_rd53a.J§on -c db-data/connectivity.json -s JOUPGFC9999998 %
: configs/scans/rd53a/std_analogscan.json -W
| o Part]al matCh Perfect matCh SearCh stopwatch analysis: 548 OccupancyMap json 20UPGFC9999995 2]
;?22553;3 ) 20UPGFC9999996 [
: 4903
1 23456789101112131415» el 2P 1@
QC False 20UPGF(C9999998 (2
environment False L1Dist json 20UPGF(9999995 (]
Test Data plots E)f;yeancyMap 20UPGFC9999996 2]
18
. . EnMask 20UPGFC9999997 (7
Module Name Chip Name Test Type User Site Date passed e J0UPGFC9999998 =
chip1 — qcTest False EnMask json 20UPGFC9999995 (7
chip2 . . P qaTest False 20UPGFC9999996 B
KEKQO7 chip3 std_analogscan atlasj atlaspc9.kek.jp 2021/08/19 18:07:25 : sommary | Faise JOUPGFC9999997 o
chip4 - 20UPGF(C9999998 [~
) & PLOT JSROOT
c:!p1 » L1Dist plotly
KEKQO7 Eh:% std_digitalscan atlasj atlaspc9.kek.jp 2021/08/19 18:06:54 result page 20UPGFC9999995 20UPGFC9999996 20UPGFC9999997 20UPGFC9999998
chip4 : :
chip1 : | l I. I.
KEKQO7 ER:B% std_analogscan atlasj atlaspc9.kek.jp 2021/08/19 13:07:26 result page » OccupancyMap plotly
chip4 20UPGFC9999995
KEKQO7 ER:B% std_digitalscan atlasj atlaspc9.kek.jp 2021/08/19 13:07:04 result page i _JEN } l " l A NERIEY SRR AJ : A-J AJ VR N
chip4
20UPGFC9999996
Ch1p1 !4 ! ! o z - - =1 . - - . - ) . - =
- | - DA A8 AT O O
KEKQO7 chip3 std_analogscan atlasj atlaspc9.kek.jp 2021/08/19 12:53:58 result page | | | I » l t B | I | ‘ | ‘ ‘ | B
chip4 ' ' ’ '
. 20UPGFC9999997
chip1 ‘ | ‘ 7
KEKQO7 EE}B% std_digitalscan atlasj atlaspc9.kek.jp 2021/08/19 12:53:35 result page jl i I '_ I | jI J | J J S |

20UPGFC9999998

KEKQO7 std_analogscan atlasj atlaspc9.kek.jp 2021/08/19 12:46:57 result page tI ': ! ' l il ~ ' I : v F - il Chadl



Local DB Viewer

Dynamically generate plots by ploty

Fozalleisy 4

Back

ThresholdDist-0, 20/08/07, Aug:08:1596775193 Back
@ Picture of Visual Inspection

3500

3000

2500

N
o
o
o

Number of Pixels
-
N
o
o

0 500 1000 1500 2000

Threshold [e]



nvironmental Data

: Time series database for environmental monitoring

Grafana: Open source analytics and interactive visualisation web application

IsStable Temperature

_ T

Module
PID Activation
Vac.Chuck

PID M o1 ()

PID Target Carrier (ex)

_ i

Heat Sink

Interlock Chiller

1 I

13:00 15:00 17:00 19:00 pARV 23:00
IsConverging — IsStable

40.0°C \\
200°C l

0°C

-20.0°C

Temperature
Anqeis

-40.0°C

60.0°C L IL | - L
13:00 15:00 17:00 19:00 21:00 23:00

— SetTemp — ModuleNTC — Vac.Chuck — Case Sink Carrier(in) — Room Interlock Limit — Chiller
— IsStable

Interlock

13:00 15:00 17:00

— IsinterlockEnabled IsPidActivated Isinterlocked

Room Dew Point Carrier (In) Dew Point

e

-1.6 °C

Voltage [V]

— PeltierV

Feedback [V]

Temperature RMS [K]

Carrier (in) Humidity Interlock Limit

Peltier

[v] waun

23:00

— Peltier |

PID Feedback

Temperature Stability

0.10

Bu|BioAuc) S| JO dApRALRQ

——— ) 20
23:00

— Der_IsCoverging

lv-contr... Q Temperature - Grafana - Mozilla Fire... D LV Controller

49 88 Temperature w =<

Module temperature Dew point

1172 46

Temperature

11:10 11:15

— module temerature.mean — SHT85 temperat

LV current

Vacuum chuck temperature

No data

Cold plate temperature

No data

Relative Humidity

11:10 11:20

— relative humidity.mean

LV voltage




QC Helper

Data uploader for non-electrical tests

[ NN | % QC Helper [ NON | \ Wirebonding information
. . . . [ ® |X| Visual Inspection GUI
Choose your inspection Input Wirebonding information B et e IS
Serial Number : practice Machine used : l I | | :::
Test Stage . practice Operator Name : : Py
_ Institution of Operator : - . Plating
Test name Upload status in localDB :
: Bond wire batch : TBA : i
o Mass Measurement Practice : -
. Bonding jig : E Plating
Practi -
Wirebond pull tests ractice e — Choose file :
Wirebonding Information Practice Room temperature: degC ;. If there are any problems, check in checkbox. s
Parylene Properties Practice Humidity : %RH o
Glue Information Module+Flex Attach Practice 3
) _ comment : Plating
Thermal Cychng Practice . Plating
Optical Inspection Practice Back Next i
Metrology Practice Gurrent user - pracica 77T praciice mode
Sensor IV at 30 degC Practice f e :
. bt . \ main-pv ; e Push it if you inspected
Sensor |V at 20 degC Practice Metrol | & ‘ L |
Sensor IV at -15 degC Practice clrology |
Result file: Choose file | |
SLDO VI Practice esu e Lhoose nie ‘ , . .
RD53A pull-up resistor FE Practice | We're also trY|ng to automatize
IrefTrim FE Practice Comment : : : :
PCB-Bare Orientation isNormal Practice V|Sual |nSpeCt|On---
Back L Back Next
Current user : practice practice mode Foir i pract;cé """"""""""""""""""""""""""""""""" p;é‘;t‘i‘c“e‘ P
T E———— e ——————————
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YARR - DAQ system

e PCle based high-speed DAQ system

e FPGA just aggregates data from FE ASICSs, everything sophisticated is done by its

corresponding software

Data @ 1.28 Gb/s x3 per FE

Data @ 1.28 Gb/s x3 per FE

Decoder & Gatherer
Deserlalizer

sng auogqUSIMN

Encoder &
Serializer

CLK/Command @ 160 Mb/s

YARR

Software

23



RDS3A Testing Setup

. Quad Module _ Data Adapter Card FPGA ' VARR ) YARR
e e == | Firmware | |="| Software
Ohio Mezzanine Card
Data @ 1.28 Gb/s/lane

Data adapter card N

Pixel Module

Power adapter card

€ MiniDisplayPort-FMC Conversion

Trenz TEF1001 R2 FPGA Board



RDS3A Testing Setup

Cooling system for the quad module

Vacuum chuck

PSS N

S Ny -

NN )
PSSP

o N

N C

| \ 2
<=
>

TIM sheet

-~

o

Peltier 1

To Chiller



TEC-1089-SC-PT1000

TEC-1089-SV

-PT1000

S/N 9323 v2.10
meerstetter.ch

“-w 04 o
i .

=]

T

T

PID Control

« Two temperature sensors as references
« PT1000 for vacuum chuck
« NTC for cold plate

Peltier Control and Temperature Monitoring

SHT856

= High-accuracy RH&T sensor for demanding
measurement & test applications

= Typical accuracy of £ 1.5 %RH and £ 0.1 °C

= Pin-type packaging for easy integration and
replacement

= Fully calibrated, linearized, and temperature
compensated digital output

= On-package membrane protected by exclusive license for several patents’

Vacuum chuck

TIM sheet

Pt1000

Peltier 1

NTC
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Temperature Control and Monitoring

Controlled by GUI

DCS Controller - o x DCS Controller - o x
Summary Temperature = LV = HV Summary  Temperature = LV | HV
Temperature and Dewpoint Peltier Controler chl: e off on
Overview of testing setup @ UniGe Vo :
Status:
Module: 2240  degC ch2: e off on
Init Ready ‘e Run Error
1.0 V10 A
V Chunk: -5.40 degC
HMP4040 actm = 9 ch3: o off on
4x DP Cold Plate: 1132  deqC SEpIeClicE e 182 \ 10 Kyl 1.0 &
Data Pigtail ch4: e off on
4-Display Port LV Inside Cooling Unit: 6.71 deqC
- - " | bt 1.0 V10 A
Cent OS7 (ItkplXOl) adapter card Current: 1.22 A
Relative Humidity: 1119 % Set Voltage and Current
Quad Dewpoint: 2197  deqC Target Temperature: -10 degC chl ch2 ch3 ch4 all
PCle | Trenz Module v A
TEF1001_ NTC readout show info refresh
| Reset Apply OFF ON
YARR
. Monitored by Grafana (recorded in the influxDB)
>
DCS SOftware 88 Temperature ¥ <¢
Control Cooling LV WV control
Peltier

TEC-1089-Sv . Pt1000 on Vac. chunk
USB . NTC on Cold plate

SHT85 inside
. Cooling Box




Loaded Cell Module

PPO Services

Local Support

| oaded Cell
+
|
|
|
|

Module

assembly
Loaded cell
I Loading adhesive .

Bare cell

Shipment to CERN
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16 elements

Module Temperature

B

Temperature Sensors of the Module
e« 2NTCsonthe PCB
e 4 NMOS temperature sensors in each ASIC

= These sensors are available only

when chip turns on .
AV =N X—X In R
q
P A

Flexible PCB

Silicon Sensor

Vl e Ml‘ight Biased at 1 x Ip
AV — V2 — Vl

How to calibrate temperature sensors in the ASIC?
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Temperature Sensor Calibration

Leakage current of a silicon sensor depends on its temperature

KT,) (T,\° _Em Em aT?
— ) e 2D " 2kT : Eg(T) — Eg(()) _
I(T)) T T+ p

_ Inthe climate chamber @ O C 2 wf
£ sl ¢ 895_ * TEMPSENS 1 4+
£ : % = ® TEMPSENS 2 s
Z25)- Power oft g =E TEMPSENS_3 ¥
o - 4+ = 87:'— Y TEMPSENS 4 :
" 381 nA 3 e
0.15:— 8SE —
: | Power on | asf- -
s = >
T | 580 =30 nA 83f- 1 _‘i— |
005l sof- i _ Able to calibrate each sensor
01“\ e withtheaccuracy of £1.3C
-100 0 100 200 300 400 500 600 10 15 20 25 30 35
Current [nA] Calculated module temperature [C)
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Upstream Data Transmission

160 Mbps

~ f
OIm~T1mof Sm~Emo
Flexible Cable ustom lowmass
TwinAx Cable
>b512 Gbps

Off detector

FPGA

~80 m Optical Fibers

GigaBit Cable
Receiver (GBCR)

v

Low Power GigaBit

Transceiver
(IpGBT)

v

VRTx+
(Optical Module)
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PPO Prototype

e Firstinclined PPO prototype

* based on design done for services PDR

e Adapted from L4 to L3

LV round-trip resistance

-
-
O|
™
™~
=
Q.
-

o Type-1
» power (x1): first version of Zray pinout
» data (x6): Samtec FireFly

Lvout (gnd)

LVin

A1 1 o0
Cmd-in LVin  Cmd-sharing

Resistance [mOhm)

102

100

98

96

94

Average resistance: 90.9 m()

Current [A]
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Readout Test for PPO Prototype

e Testing with 2 quad modules

SMA-DP adapter card firefly-SMA adapter card

BOARD1

power-board Data pair

SMC
CMD pair

BOARD2

Agilent 34410_ OPNCa42-01

module
temperature readout

_____—7

LVin to LVout shorting cards

HMP 4040

power supply




Readout Test for PPO Prototype

RD53A Chip SN: 062_chip1 RD53A Chip SN: 062_chip1
OccupancyMap_Map OccupancyMap_Map
A O g :'"'l'"'l""I'"'I""I""I""I"": _100 2 g :""I""I""I""I""I""I""I"": _100
180 — — T 180 — —
e Testing with 2 quad modules i £
- J —80 C I —80
140 :— —: 170 140 :— —: 70
120 — — = 60 120 = 60
100 | — 50 100 — 50
S0E El L 80 —= 40
60 | — 3 60 — = 30
AP b0 d - ] = e
NN 18 40 - i 20 40 - 1 2°
E < 20 E — = 10 20 —[ 10
P T T T E P S S B Cononflononflonnnfllonnoflonoollonnnflononflonaol 0
50 10 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Column Column
SMA-DP ada pter card fll’EﬂY—S MA adapter card RD53A Chip SN: 062_chip1
7 S ThresholdMap_0_Projection_Stack
() [ — T T T 7 v 1 T T T T T T T ]
1 o . .
— - Syn Lin Diff -
S BOARD1 5000 ! - o 2
power-board ata pair g - i
0 —~ |
SMC X 4000 - -
o C ]
CMD pair ° - ’
S 3000 —
£ B _
= | _
zZ B ]
2000 [— —
1000 [ =
0 N 1 i P [ U R S R S R ]
BOARD2 1000 1500 2000 2500 3000
Agilent 34410_ OPNCaZOL Threshold [e]

module
temperature readout

_____—7

LVin to LVout shorting cards

Get equivalent results as module
HMP 4040

stand alone test

power supply
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Conclusion

* There are many activities toward Phase-ll ATLAS ITk Upgrade

 Preparing for the mass production of Pixel detector

e Testing setup, procedure, database, and so on...

® Real production phase is approaching!!

Thank you for your attention!!

EFEFEDEH S I WE U,
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