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Introduction of ATLAS-ITk

* ATLAS Upgrade (Phase Il) Current inner tracker to be fully replaced by all-silicon tracker 1Tk

The CERN accelerator complex
Complexe des accélérateurs du CERN

cms

LHC
BT
A North Area LHCD
Al
bs =

ALICE

¥
s
T @ o T~/ AWAKE
20 §
HiRadMat
\ L
LEmom ISOLDE
\ cO7 > VI | I
\ - 25m
\ S " 21m
—\ 1/ — 1 East Area »
ik i, oz — CiEas \| Barrel semiconductor tracke
Y == E =
ey ) e The cooikneiets i Pixel detectors
_— 1Ar hadronic end-cap and o Barrel fransition radiation fracker
» s GRichoactive o Beam forward calorimeters End-cap transition radiation fracker
LAr eleciromagnetic calorimeters " End-cap semiconductor fracker

Toroid magnets
Solenoid magnet | Transition radiation fracker

Semiconductor fracker

‘Muon chambers

* Motivation:

* Improve particle identification and search for new physics

It is the first time for China to undertake such a large area radiation hardness silicon track detector project

* Goals: Sustain and improve the excellent tracking performance of ATLAS Run 2 in denser environment
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ITk Team status

More than 200 peoples, it is shared by 50 institutions of 16 different funding agencies
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China ITk Team @ IHEP

Schematic layout of the ITk for the HL-LHC phase of ATLAS
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» Undertake the development of 1,000 barrel silicon strip detector modules
(silicon sensor surface is about 10 square meters, accounting for 10% of the total)

4



Clean room 1so class 7 (10000)

Air shower
system

Fingerprint verification
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SOP and PDB

IHEP ATLAS-ITk Standard Operating Procedure ITk Production Database

#> Standard Operating Procedure

My Institute Component List @

IHEP ATLAS-ITk .
>« Bulletin Board

] Standard Operating Procedure

2 Yuaing Wang, please work an ASSEMBLY of

@ LeiGuo, please work on ASSEMBLY of IHEP-Hybrid-X-DUMMY-11 (GPC2150_X_014_B_H4_Dummy} and finish before 2023-10-11

d
) =+ Get Your Ticket! Y

as
.
i
Pule -
e 7 2023-10-31 @ 10:52 [
© Homepag
Inver |8st

* SOP implements local production operation guidance and statistical production information

e SOP can upload the data to the official PDB of the ATLAS collaboration
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Module production and test

* Detailed quality control process to ensure that the detector
module production meets the requirements

Step Number Qualification Step
Sensor Storage

PB Reception

PB E tests

PB Vis Insp

PB Storage

Storage + shipping of glue
Assembling hybrids

Glue weight measurements
Bonding procedures: hybrids
Metrology: hybrids

Visual inspection: hybrids
Hybrid Burn-In

Hybrid Storage

hybrid QC: single panel testing
Storage of modules

Cleaning module jigs

Storage + shipping of glue
Removing hybrids from panel

'Reception Test Hybrid Assembly
Hybrid PCB

v
r

Wire Bonding Burn-in
Gluing !

g Electrical Tests Hybrid \

ASICs

Module Assembly

Metrology: modules

Bonding procedures: modules
Visual inspection: modules
Module Thermal Cycling
Single Module Electrical Test
Shipping modules
Cleanroom standards

ASIC Compliance & Handling
Bond Pulling Procedures
Module Reception

Module Assembly

g * Wire Bonding Thermal Cycling
Gluing " ’

Electrical Tests sﬁ;l::fst
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. Hybrid PCB l : I Wire Bonding | | Burn-in |
H b rI d 1 | Gluing i 7
y Electrical Tests H Hybrid ||

Hybrid = PCB flex + chips
. == :E:E:E:E:E?ET! :

dispenser
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T K. 2.2,

UV curing assembled Visual inspection

- After Hybrid assembly, metrology test is needed to guarantee the quality.
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Metrology test for Hybrid

Requirement: -0.25~0.2 mm Requirement: tilt<0.025
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SOP for more convenient visualization
Metrology results meet the requirements
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Sensor '_"’, —'| Wire Bonding | Thermal Cycling|
Module o O iress L oemne | Packeee
ower Boar ;
j | Electrical Tests H Module Shipment

= id + +
Module = Hybrid + sensor + power board e Left: Short-strip barrel module.

* Right: Long-strip barrel module.

Wire-bonds
DC-DC converter
HCCStar Power'  AgCstar

Wire-bonds board

Hybrid

Sensor

~97mm
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Metrology test for module

Module metrology result Bow test result

X
mp,; 80 0 100
100

L -50/+150 um requirement
within -10/+10 um ensured the surface below is sufficiently flat
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E-test & Burn-in & Thermal cycle

chuck3_2TCs: IHEP-PPA-SS1, Hybrid Y, Stream 1

-35C

200 noise +20C

2
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Input Noise [ENC]
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[err———

Response curve
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* Module production status at IHEP site

* Qualified all the 29 steps

* The SOP webpage should be in “production-ready” stage

* Quickly enter the formal production stage. Steadily advance to reach the peak production
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backup

* https://cds.cern.ch/record/2257755/files/ATLAS-TDR-025.pdf

o ATLASEE1Z RN
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T 1400 ATLAS Simulation

Strip detector Current Inner

Table 6.3: Overview of the custom made ASICs for the ITk Strip Detector.

1apg. ™ eined Future ITK strip tracker Acronym  Full Name Basic functionality Prototype er:)i‘;ucuon
W EN comparisons strip tracker (SCT) — —
ol 11/ ABC ATLAS Binary Chip onverts incoming charge signal into 130 ABCStar
it information
C— Radial distance 300-560mm 400-1000mm HCC Hybrid Controller Chip  Interface between ABC130 and bus-tape ~ HCC130 HCCStar
400 m—— 30 ~ o - o Autonomous Monitor Provides monitoring and interrupt g g
20— i\lu'.‘u'\'.‘u'.‘\‘. SRUN : w Channels 8 millions 100 millions AMAC and Control Chip functionality AMAC AMAC
= e A TR o Synchronous Step-Down Buck DC/DC
%S0 1000 1500 2000 2500 3000 3500 Modules 4 thousands ~20 thousands (165m? silicon) FEAST FEAST El{nwrmr 5 Step-Low < FEAST upFEAST
2[mm]
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https://cds.cern.ch/record/2257755/files/ATLAS-TDR-025.pdf
https://www.cas.cn/syky/202101/t20210119_4775121.shtml

Outline

e ATLAS-ITk and China ATLAS ITk team at IHEP

* SOP(Standard Operating Procedure) and PDB(Production Database)

* Module production

* Summary
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Prospect

LARGE HADRON COLLIDER

LHC / HL-LHC Plan

LHC

HL-LHC

13 TeV

Diodes Consolidation

splice consolidation LIU Installation

button collimators
R2E project

cryolimit
interaction
regions

7Tev  8TeV_

Civil Eng. P1-P5

ATLAS - CMs

experiment upgrade phase 1
beam pipes .
nominal Lumi 2x nominal Lumi ALICE - LHCb
75% nominal Lumi upgrade

— -

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES

1367y [BER 13.6 - 14 TeV
energy
inner triplet . HL'LH‘_:
pilot beam radiation limit installation
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5o 7.5 x nominal Lumi

/

ATLAS - CMS

2 x nomingl Lumi HL upgrade

integrated JEadUY L
luminosity EEHITIET

/

CONSTRUCTION | INSTALLATION & COMM. HH PHYSICS

in 2015, Long Shutdown 1 (LS1) was completed to prepare the accelerator for operation at 13 TeV and its design luminosity;
for Long Shutdown 2 (LS2) in 2019/20 further improvements of the LHC are foreseen, accompanied by significant detector upgrades (Phase-I);

. * Long Shutdown 3 (LS3) starting at the end of 2023 will include major performance upgrades of the accelerator for the high-luminosity phase (HL-LHC)

which requires replacement of several major detector components (Phase-II).
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SS & LS module

The ITk Strip modules are constructed by directly gluing

Discs

S 7 Long(a7.8mm) Stub Strips x7 kapton flex hybrids to silicon sensors with electronics-
rips x ayer x 1 (r=862mm (z= mm, mm, mm, . . .
rereamicoomm) Y I 2320mmaezommancomm) | grade epoxy. Various different strip lengths and geomet
= oo ‘ / 1 / . ries are foreseen, depending on the planned location o

f the module within the detector. For the barrel, two st
__ea=20 rip lengths are used: long strips are suitable in the lowe
r occupancy region at larger radii (layers L2 and L3), wh
T ereas further subdivision with shorter strips is required
l —L%——-::::;-g at lower radii (layers LO and L1). Therefore two differen

O | Eessesrrcraan s dcsE R R RS dC S RCC S COEEa o CuEsad
° t module types are required for the barrel section: the
© | poel Barrelxa Short (23.8mm) Pixel Discs x 12 so-called short-strip and long-
Q] (r=39mm,78mm, 155mm Strips x 3 877mm,1059mm, 1209mm, 1358mm, . " " " "

Zsommy T Aosmmstomm, - 1s0amm, 1675mm,1875mm,2075mm, | StFip barrel modules where "short" and "long" refers to

mm 2275mm,2500mm,2750mm,3000mm .
‘ : . | | ‘ , ‘ the strip length.
0.0 0.5 1.0 15 2.0 25 3.0 35
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[ sensor |-
Module

Gluing

—'| Wire Bonding | Thermal Cycling |
] e

. Package
| Electrical Tests H Module I

Module =Hybrid + sensor + power board

Solder
1%

ASICs

Sensor Glue Solder
2% Discretes

Kapton 3% psic Glue
3% 1%
Flash metal
ASIC Glue 0%
e Solder Resist
Discretes Flash metal 0%
. 2 % Wire Bonds
Solder Resist 0%

1%
Wire Bonds
0%
Shield Box
1%

Coil
3%

Shield Box
1%

Coil
4%

* Fractional contributions for different
materials to the radiation length of the
barrel modules.

e Left: Short-strip barrel module.

* Right: Long-strip barrel module.

2023/11/16 CLHCP 2023

Wire-bonds

HCCstar DC-DC converter Power
ire-bonds

e ABCStar

Hybrid
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Metrology test for Hybrid

Average Glue Height per ASIC Average Package Height per ASIC
0.20
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Upload Results -
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* Metrology results meet the requirement
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Metrology test for module

* Module metrology results (qualified)
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* Module bow test (qualified)

Edge vs. Center Points for Bow Calculation
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Simplistic schematic of a hybrid for the ITk strip modules
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LH-Hybrid RH-Hybrid

ol[=]|o][«][s]]e]|e][~]|=]]e]

2023/11/16
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= ][=]l2]]e]|x]]a]|=]]~]]=]]=]

Eight hybrids within a panel, four of each flavour (left-handed and right-handed).

Hybrids are assembled in-situ with both SMDs and ASICs being attached to the cir-
cuits.

The rigid former and vacuum holes, underneath the ASICs, providing suitable mech-
anical support for the Aluminium wedge wire-bonding of the bare die in-situ.

Provision of trace routing, external to the hybrids, supplying both power and digital
I/0. This enables the testing of the circuits whilst still resident on a panel. With the
connections being brought to dedicated power and digital I/O connectors.
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Assuming a 320 um thick sensor, this yields a predicted average radiation length for
short-strip barrel and long-strip barrel modules of 0.65% and 0.55%, respectively.
Reducing the copper thickness could affect the hybrid yield

Quality Assurance (QA):Quality Assurance (QA) tests are statistical studies of quality
during R&D and on a batch basis in production
Quality Control (QC) :Quality control (QC) tests are performed on every production item

Glue step

Special Requirements

Chosen glue

Comment

ABCStar to hybrid

HCCStar to hybrid

UV curable

higher thermal conductivity

Dymax 6-621 or Loctite 3525

silver-loaded epoxy adhesive
TRA-DUCT 2902, BIPAX

fully qualified incl. radiation
tolerance [79]

fully qualified incl. radiation
tolerance and activation

Hybrid to sensor

Power board to
sensor

electronics grade epoxy Epolite

FH-5313

electronics grade epoxy Epolite

FH-5313

fully qualified; availability
unclear — alternative being
investigated
fully qualified; availability
unclear - alternative being
investigated

Module to Local
Support

higher thermal conductivity to
ensure low temperature of
sensor

SE4445

qualified up to 2E15 neq/cm?

2023/11/16
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