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ITk Detector

- Barrel - Endeap | *

HL-LHC upgrade

All silicon tracker

Barrel-Stave-SS/LS module
Endcap-Petal-R0/R1/R2/R3/R4/R5 module

593 mm
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1400 mm
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Barrel Module

« Sensor Pbtbdard
- Size: 97mm%97mm ' B " Rgspes oo e IL
—  Strip length LS: 48.2 mm / SS: 24.1 mm : sl -
—  Pitch :75.5um

e Hybrid

— ABCStar: ATLAS front-end Binary read-out Chip
— HCCStar: Hybrid Controller Chip
« Powerboard

Wire-bonds

— AMAC: monitor and control Hogstar DOPE converter

Wire-bonds

bPOL12V: low-voltage regulation
linPOL12V: both voltages for AMAC
HVmux: high-voltage switching

Sensor

+ Glue for mechanical fixing

~97mm

«  Wire-bonding for electrical connection

~97mm
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Production Flow

Pol | Step Number Qualification Step

Module Production SsmorReosmton | TRV

TRUE

— Hybrid Assembly : TR

FB Receplion
TRUE

— Module Assembly TRUE

TRUE
TRUE

— Quality Control (QC) TRUE

TRUE
«  Site Qualifications TRUE
TRUE

— IHEP have been qualified for all 29 QC steps in barrel module production T

— Got the approval for Pre-Production TRUE

lodule AssemblyTesting TRUE
TRUE

P : ™)

Module Shipping

General

Module Reception |

Fee==========
. I .
\Reception Test Hybrid Assembly
|
: Hybrid PCB '—‘-, —-| Wire Bondlng T ‘ Burn-in ‘
i 1| Gluing
: ASICs | | Electrlcal Tests H| Hybrid "
: l |
f I
i ¢ | Module Assembly
: Sensor '—L‘l —“{ Wire Bonding } | Thermal Cycling |
Power Board - Package
:\ _ : ‘ Electrical Tests H Module II—’ Sl
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Hybrid Assembly

Pick up ASICs and Apply UV glue on hybrid UV glue curing Wire bonding
alignment and ASIC attachment

«  Procedures
— ASICs attachment
» ASICs adhesive: UV-curable glue (Loctite 3525)
» Glue coverage controlled by weight and thickness
— Wire-bonding
* Hesse Bondjet BJ820
e 25um diameter aluminum wires

* Electrical connection between ASICs and hybrid flex (as well as hybrid and test panel)
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Module Assembly

Dispense glue on Dispense glue Glue curin i i
stencil for on stencil for for hybridg Wire bonding
hybrid PB and PB

. Procedures

— Hybrid / Powerboard attachment
» Hybrid and PB adhesive: Epoxy (True Blue)
— Wire-bonding
» Hesse Bondjet BJ820
« 256 Al wires in 4 rows per ABCStar chip at Front-end
* Hybrid to powerboard wire-bonding

» Module to test frame wire-bonding

7/6/2025 MOST 2025 Annual meeting 8




Qualification Control

¢ Glue Weight
— ASICs-to-hybrid glue dispensing by a 3-Axis E Series Automated Fluid Dispensing Robot
— Weighting with a digital scale
— 43.80+2.62 mg for ASIC adhesive weight

— Calibration with dispensing time and air pressure

A Mettler digital scale

g : Dat
= | FitPar.: P =30.4 psi R
EA | k=2126+0.25 output p " —— Linear Fit
- b=-0.52+1.08
200(—
5 70 4
B E
B Y
L £
L Z 60
100{— "
\ : z N Ref. mass 217
: -J‘//I R E U B B . ! ! " . . . . .
A Norson dispenser + JANOME robot 0 2 a 3 8 10 200 225 250 275 300 325 350 375 4.00

pr— PRES/bar
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Qualification Control

«  Metrology "B EE Al 06P smartscope ONC 300
—  Geometric positioning of characteristics N B i}
»  ASIC glue height: 120 +40/-60pm
+  ASIC xy-placement: within +/-200pm
»  ASIC flatness: Tilt < 0.025
«  Hybrid package thickness: 0.84+0.04mm
*  Module bow between -50um and +150um

Glue height ASIC relative position  Total package height ASIC tilt

025 ASIC Tile
Average Glue Height per ASIC B ao10 o
oz 020 Awerage Packige Height per ASIC R ;
o sverage giue height _ 008
a1s
£ o008
10
I T e oo?
Lo % oo t ao06 "
- ¥
¥ E oo — 2=¢ ——— B .
E N # asos
3 B i ET TR S S R, P g -0 z .a ¥ s
S £ e 3 0.004 -
f i o -
i & i
o0z
¢ o001
_______________________________ N 2
cos 5855 : *
=08 B o2 o2 0z o5 o= 0= " E R R R R Y] B z -
¥ ¥ ¥ & ¥ § ¥ ¥ P s fEEEREREEE fEEE P i ¥ & ¥ ¥ ¥ & ¥ ¥ ¥ ¢

Iy__e height Maximum height | Relative position
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Qualification Control

¢ Visual Inspection

— Check hybrid flex
» Defects

— Check ASICs Suction cup marks
- Integrity of surface and edges —
+ Cleanness on bonding pads

— Check Sensor
» Any scratches, marks and debris
+ Integrity of edge
« broken sensor

— Check bond-wires

FE wire-bondings Long scratch
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Wire Bonding

® Module wirebonding Bonder Hesse BJ 820 Nordson Dage 4000Plus

— Front end - four columns of pads with 75.5um pitch

— Yield of the electronics channel >99%

® Pull test every month to optimize the bonding
parameters

® Pull force > 89 - / - | +ﬂ
® Peel break (4/5) < 10% ;/1\_ \_/2\ Ja\ Lﬁ\‘ \_/5\ _ _ =

® Variation of different surfaces ' T
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Electrical Test

» Reception of sensor and powerboard
— Required to ensure the quality

— Powerboard
« alive and functionality test
— Sensor

« IV test based on single module test system
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Electrical Test

« Hybrid Burn-in
— The hybrids are required to be burned in before
using for module assembly
— 100 (20 ) hours running to check hybrid operation
stability at ~40 °C
— Voltage and current of AMAC, temperature of

AMAC and hybrid are monitored by
InfluxDB/Grafana

— Strobe Delay
— Three Point Gain

— Response Curve

— Noise Occupancy
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Electrical Test

° MOdUIe Thermal CyChng ITk Strips Module QC Thermal Cycle Sequence
. 25 October 2022 Timing Assumptions
— Prior to Stave/Petal assembly and evaluate each module to R
determine if it should go forward to Stave/Petal assembly T “ﬁ e
e nn n n a0 n o n e e
_ idi i wf S ST T U e
Temp/Humidity/LV/HV/interlock/data readout gw ’( \\ f \! f l\ ; A f L \ / \! / et
— Each module undergoes electrical and thermal quality control STV ,H A
. N T T A A S Ao
(QC) testing SN ‘\ | ¥S | \\ RIRIRIRYEE
H [ o o [ = | D) \ | 2) | \’ 3 \ J Ol ’G\ ® @ (O} @ ([ /
+ Thermal-cycled 10 times (-35°C ~ +20°C, +20°C ~ -35°C) - \\J @) (' yeyeyeyeyeyeye® ‘%’f
« AMACIV scan (0, -550V) i " e
« ITSDAQ Full Test carried at -350V performed at -35°C and +20°C w0 wm e ww wm mw an me e om om mo mo e om so o o on e
each cycle 5 .
« 2 hours HV stability measurement and Open Channel Search test
is performed at -10V
7/6/2025

MOST 2025 Annual meeting




IHEP SOP

e IHEP ATLAS-ITK Standard Operating Procedure

— Environment real time monitoring of cleanroom

» Temperature and humidity

« Dust Particle

— Local production operation guidance

— Local production statistics and report

— Production database interaction

Companent sublable: -

Asseenbly Resubts

wetralogy Results
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4 Hybrid Electrical Test

Checkto start!

IHEP-Hybrid-X-PPB-9 (201 GPC2150_X_0018_A_0, PPB-2)

Steps for HYBRID E-TEST
STEP 1: visual inspection and PB placing
STEP 2: Turning-on the setup
STEP 3: Starting ITSDAQ
STEP 4: Testing
STEP 5: Results -- General Comments.

STEP 5: Results - PDFs

IHEP ATLAS-ITk

[ standard Operating Procedure

Powered by itidh

2024-11-16 @ 08:05:15

Temperature Humidity
21.9°C  52.6%
L 0.0°C 4 0.4%

Particle Counter (1000/m3):

0.5um 10um 50um

713 06 0.0

Recorded at 2024-11-15 17:07:44
) Grafana Monitoring in 5106
@ eployed influxoe:

) HEP-Tk knowledge database

Select theme:

© overview
Hybrid
Module
Others
PullTest
Shipment

Select page:

© Homepage
Cleanroom
Inventory
Production Monitoring
PDB Report
Project Plan
Broom Cupboard

MOST 2025 Annual meeting

X Bulletin Board

Chengwei Wang, please work on E-TEST of IHEP-Hybrid-X-PPB-9 (GPC2150_X_0018_A_0, PPB-2) and finish before 2024-07-18
Mengke Cai, please work on ASSEMBLY of IHEP-Mod ule-LS-PPB-4 (iLS-4) and finish before 2024-07-25

Mengke Cai, please work on METROLOGY of IHEP-Hybrid-X-DUMMY-30 and finish before None

Xin Shi, please work on METROLOGY of IHEP-Module-LS-DUMMY-9 and finish before 2024-10-30

Vebo Chen, please work on WIRE-BONDING of IHEP-Hybrid-X-DUMMY-31 (iHX-PPC-1) and finish before 2024-11-05

Yebo Chen, please work on WIRE-BONDING of IHEP-Hybrid-X-DUMMY-32 (iHX-PPC-2) and finish before 2024-11-05

Mengke Cai, please work on METROLOGY of IHEP-Hybrid-X-DUMMY-33 (iHX-PPC-3) and finish before None

5 Get Your Ticket!

2024-11-16 @ 08:05:15

Usemame

Fassword(Not required for now)




Outline

e Introduction

« Production Flow
— Assembly
— Qualification Control
— Wire-bonding

— Electrical test

« Progress and Status

e Summary

7/6/2025 MOST 2025 Annual meeting 17




Sensor Cracking

® Sensor Cracking problem
« High rate of HV breakdown due to sensor cracking
« Early breakdown at less than 100V

« Sensor receive enough stress when thermal cycled down to -35C

« Peak stress in gaps Stress vs. SE-4445 modulus

Interposer Study

| <l t=50um
M= t = 125 um
4 == t=200um

® Sensor Cracking Mitigation

=]

+ Interposer

(=1

Free sensor
e 50 um & soft glue reduce ~ 90% stress

o

Peak Sensor Stress [MPa]
w -y v o -
(=] o

_

0 100 200 300 400 500 Flexes
seaaas modulus Pl | Stiff Glue — — —
Sensor — N

« SEA4445 (silicone) as glue, Kapton as interposer

M
(=]

-
o

e s — |
Soft Glue TeeessssssssEEEEEEES————

Stave _————————a
I I .
= = = ﬁgpton Peak stress
e s
Eopmelt S Bpeasih
SE4445 (soft) — ~ o —
e _s -
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Interposing

® Interposer assembly

Dispense glue with AB glue gun (10g A+B) with a mixing nozzle
Add 0.2g glass beads (50 - 100 um labeled, 2% of glue weight)
Magnetic mixer (500+rpm) for 3 mins

Degas with vacuum for 5 min

Use deprecated stencils for glue brushing (200um thickness / 9mm wide)

Attach Kapton piece to glue [ , —|
Use ASIC tray to hold it flat (optionally with additional weight) = —y o —

SE4445 (silicone) as glue, Kapton as interposer

Peel Force Pass

Interposer Thickness

® Peel force Pass

® Interposer thickness/uniform Pass

0 ] 80 100

Thickness/Uniform Pass
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Production Tools

e A couple of new tools made in China
. ASIC tray

. Hybrid assembly Jig

. Pickup tool

. Module bonding Jig

1
2
3
— 4. Module assembly Jig
5
6

. Hybrid panel Jig
— 7. Module test Jig
« Performed the quality check for all tools

— Training with dummy parts

7/6/2025 MOST 2025 Annual meeting



Hybrid Status

® 17 Hybrids finished

® 3 hybrids metrology failed

Local Name ASIC_ATTACHED MEASURED BONDED BURN-IN_DONE ON_MODULE ° UV Shield bOX press the Vacuum pipe
0 IHEP-Hybrid-iX-PRESERIES-1  PASS FAIL PASS PASS e The pICkup tool and Assemblyjig not match
1 IHEP-Hybrid-iX-PRESERIES-2  PASS PASS PASS PASS PASS . Mis—operation
2 IHEP-Hybrid-iX-PRESERIES-3  PASS PASS PASS PASS PASS ® Problem solved
3 IHEP-Hybrid-iX-PRESERIES-4 PASS PASS PASS PASS PASS o Custom—made UV Shield bOX
4 IHEF‘-Hybr\'d-iX-F’RESERIES-S PASS FAIL
5 IHEP-Hybrid-iX-PRESERIES-6  PASS FAIL
6 IHEP-Hybrid-iX-PRESERIES-T  PASS PASS PASS PASS PASS
7 IHEP-Hybrid-iX-PRESERIES-8  PASS PASS PASS PASS PASS
8 IHEP-Hybrid-iX-PRESERIES-9 PASS PASS PASS PASS PASS
9 IHEP-Hybrid-iX-PRESERIES-10  PASS PASS PASS PASS
10 IHEP-Hybrid-iX-PRESERIES-11  PASS PASS PASS PASS PASS
11 IHEP-Hybrid-iX-PRESERIES-12  PASS PASS PASS PASS
12 IHEP-Hybrid-iX-PRESERIES-13  PASS PASS PASS PASS
13 IHEPrH)‘bN’d*iX*PRESEHIES*lA’l PASS PASS PASS PASS
14 IHEP-Hybrid-iX-PRESERIES-15 PASS PASS PASS PASS
15 IHEP-Hybrid-iX-PRESERIES-16 ~ PASS PASS PASS
16 |HEP-Hybrid-iX-PRESERIES-17  PASS PASS PASS PASS
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Module Status

® 8 modules assembled ® First 3 modules metrology failed
« PB_X/Y out of spec due to missing of the positioning holes
+ Large errors of the manually glued markers

Local Name MEASURED BONDED E-TESTED
0 IHEP-Module-iLS-PRESERIES-1  FAIL FAIL FAIL

1 IHEP-Module-iLS-PRESERIES-2  FAIL markers for PB

2 IHEP-Module-iLS-PRESERIES-3  FAIL

3 IHEP-Module-iLS-PRESERIES-4  PASS PASS PASS
® Problem solved
4 |HEP-Module-iLS-PRESERIES-5  PASS PASS « Made new PB tray with positioning holes
5 IHEP-Module-iLS-PRESERIES-6  PASS PASS PASS
6 IHEP-Module-iLS-PRESERIES-7  PASS PASS Position
pin

=l

IHEP-Module-iLS-PRESERIES-8  PASS
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Summary

ITk strip barrel module production is challenging

IHEP passed site qualification and enter PS phase

Efforts made on QC including SOP development

Produced several modules which makes production flow

Thanks

7/6/2025 MOST 2025 Annual meeting

much smoother




Back up
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plan

7/6/2025

VREE 2. ATLAS BN RN K

1. fEJE: 2023 4F 12 J—2024 £ 5 H

£ MARRERUZ M5 BeAs O BE, HARBIHLAE P 3 ATRE . R I MR 2 200 28 S0k
W, e ok

EAARR: B R RR G R B T R MR R B B AR Bk

ORI TR REGR TR 2 E R A 2 v i oSy, I TR R R 8 P i

2, HEJE: 2024 5 6 H—2024 5 11 H

1145 MR bRl FFaRH SRR, 787 B8 00 5 S 2 R
RGN, 75 CERN #Etmitk Bl R, 5o AT A 15 2 PR % 15 2828 5 1 o
HL T2 MR SR L R Sh AR 4

Hiztatn: W] H AR R TR AR AR, SR R PR AR R B R
R AT R R S S MR A R, B RS R 3R B A B TR .

3. fEJE: 2024 FE 12 20255 H

15 MRS SR EDNRREAM TR, SIS R . FRRE
TR 25 5 AR A 25 21 5 38— AR B S0 TR s B ok 2 i)

Eidatn: B KRR BT R, 52 B MR 3 % R 831 42 5 5010E f B
Thag 1T SiE .

FEAIE R WA RARAR I 8 e B AR A A TR IR S, B IRV BRI R4 5 5 1T B0

MOST 2025 Annual meeting

25




	ITk strip hybrid and module production
	Outline
	ITk Detector
	Barrel Module
	Outline
	Production Flow
	Hybrid Assembly
	Module Assembly
	Qualification Control
	Qualification Control
	Qualification Control
	Wire Bonding
	Electrical Test
	Electrical Test
	Electrical Test
	IHEP SOP 
	Outline
	Sensor Cracking
	Interposing
	Production Tools
	Hybrid Status
	Module Status
	Summary
	Back up
	plan

