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For the High-Luminosity phase of the Large Hadron Collider (HL-LHC), the current ATLAS Inner Detector will be replaced by : HCCStMABCStar E
.y . . . . . Wire-bonds oar =
an all-silicon new Inner Tracker (ITk), featuring a strip detector surrounding an inner pixel detector. A total of 19,000 barrel =
and endcap type modules are required to complete the strip detector.
Each module is built from a silicon strip sensor and between one and three flexes containing readout electronics, through a
series of precision assembly and quality control steps. Assembly tools and quality control procedures are standardized
across the project to ensure consistent results.
To prepare for the module production phase, 5% of the module production volume was assembled during the pre-production B
phase to test the entire assembly and quality control (QC) chain. This contribution presents an overview of the results from | Fig: Exploded view of a short-strip barrel
the ATLAS ITK strip tracker pre-production phase and highlights selected issues discovered during the process. Fig: Visualisation of the Itk [1]. module with all relevant components [1].
% Fig: (one of) endcap type modules )
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Site Qualification QC Programmes
1. Aninternal reviewing process based on a set of agreed-upon procedures. 1. Motivated from past experience of large LEnsure third party manufactured parts are fit for purpose
2. Nearly 30 module assembly institutes worldwide. Each site is allowed to start production when reaching assemdpl|es_: oo - P ——— .
« completion of pre-production « Sensor bow (as seen in ATLASO7 prototype : Ensure correctness of assembly and suitable for next step J :
- full site qualification and production readiness check Sensors) | !
. ‘g . . . ° VIt I |
3. Site qualification is motivated by: CorcllcTrns from :)ther aCt'V'_t'EfS tlhat |Involves W Performance QC .
« the need to streamline and to standardize QC procedures and thresholds for comparability and cross check modules (e.g. clearance within loca : Ensure parts performance is within specification and fit for purpose ||
. . . . support/global structures) . within ATLAS detector. :
 limited number of components available during pre-production _ _ . \ P . . . - - .
> to ensure that all parts being built follow procedures * Other requirements (no hybrids overhanging -
s - the sensor edge, proper glue coverage for Reception QC
—> to ensure sufficient number of parts available to develop procedures
- to ensure possibility of partial site qualification support and good thermal contact) Ensure parts are not damaged during shipping.
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Module In-situ / Post-assembly QC e 3. Module wire bonding:
1. Module metrology: measure hybrid and —> periodic wire bond pull test to ensure optimal bond weld quality to various bonding surfaces, cross check
powerboard position, glue height, height of — between different building sites.
powerboard components —> record repaired and missing bonds for quantification of “bad channels” and identification of any systematic
- different machines and procedures are , ISsues.
validated by cross-checks and module - - _ = | _ -
exchanges between institutes Fig: Metrology_ Is performed using specialized optical (z-focusing, edge finding, . 8 i
pattern recognition) or laser ranging measurement system (e.g Keyence, CMM) w 1 ;
2. Module glue weight: weigh parts before and Mean ASIC glue height | Hybrid x deviations 2 I
after gluing and calculate glue weight from the o e T gg__-l - —— )L
dlffe rence : g’\}:fﬁ’gi; H g::;r::i 0 g {eel bréa :( Taarz 89 910 1011 M;;zpu” Fo:cz:(‘}g) 1214 1415 1516 0-0.25 02505 05-0.75 075~Sw1:nd221-1015 12515 15175 1.752.0 .0-2.25
: L - e | Double peaks cause  : a TNy oW oo e e e
—> data showed glue dispensing is well under 3 by different gluing tools Pull test loop for bond pull ests .. e - ; E !irnp;rr?g.fne:cmcg;r:ue
control, may be descoped as it requires many . ~—_ machined to slightly AEIER — - {E=
. . 1 different glue heights, E - 1 i \
risky handling bl 03 butto within the L. I P Wirebonding requirements: v—1 . i
Table: Module metrology specifications. cawmmsmsa gpacifications. T T T e B . > 100 wires per sample = 5
Mean Powerboard 9'Ue£i?2t > 8g mean pull strength with <10% peel offs g R - N
X alignment of hybrid and powerboard, Ax  +100 um +250 pm e “z" carefully studies to | Y * = 5g for single wire pull strength Fig: Pull test results with half moons sensor sample. 50 samples
Y alignment of hybrid and powerboard, Ay +300 um +250 pm - i  pinpointthe cause, e.g: from 15 sites (barrel and endcap) [2].
_ _ 3 2~ mismatch of modified
Average glue heights under ASIC and 70 to 170 um: Pass _ s P / old tools + new .
powerboard, h 120 £ 40 um 40 to 70 um: Pass with Problems 5 HH . E} powerboards is less Height map (250 m color _ _ _ _ _
<40 pm or > 170 um :Failure gl L0 ble to control the glue  T@Nnge) of an endcap R3 4. Visual Inspection: after each assembly step to ensure objects were not damaged or no obvious issues occurred
: : e heights of d PB on jig without vacuum
Shield box height < 5710 um over sensor surface ﬂg)l(gests of warpe shows the flex is not flat. (eg glue Seepage onto bond pads)
Metrology feedback apd further studies !ed to relaxation of assembly Fig: Example of endcap module metrology results
| tolerances allow for higher throughput/yields. )
/ - s — — - CC C — - - SssSsSsSSSS ~
Performance QC Database B
1 Electrical . ¢ din light-tigh 1. Itis aims to record the entirety of ITk production. Component Detals
' ecI:trlca t;es(;s 'S rllo 3r ormed in light-tight - trace component relations even for large assembly B
enclosure 1e with ary air. components, e.g.: when an ASIC is glued onto a hybrid, |
* in a single module test setup at room : : STAR Hybrid Assembly - ROHO Assembly
: : ok e the ASIC becomes a child of the hybrid e
empera Ure aS qUIC Con Irma |On 1. 4 Basic Information @ 19/06/2024 13:33 Burn In
and for finding number of bad il oW « to track components, components are associatedtoan |
channels Fig: Example of an single Institute where it is built, so does its current location:
o |n a multl_module thermal CyCIIng bOX module test box. e phyS|Ca| Sh'pment must be accompanled by a (TlompnnentType EI—:JS;TARH:):)ridAssemblyHYBRID_ASSEMBLY Parent List | -
as a stress test. " n v database shipment record e
Module type PRRER ST s y . S - : : Current Stage [ BURN N T @ m—
= o e o e i such component tracking is especially necessary for
2. Test evaluates the thresho|d, gain, input Barrel SS 74/86 86.0 4 ~E};é:g%};ﬂéﬁ:;aﬁﬁmz\\,m’;vwwuosse z i ‘estricted iterl:;]s g P y Yy o B sty oot uT e compen s 0
noise, output noise and noise occupancy Barrel LS 74/79 93.4 . - | o S e G
of each strip/ channels. E”dc""p N S =0 j 1 * to reflect their QC status/stage B
ndcap R1 3/6 50.0 . o) _ _ _ °
3. A module fails if: EndcapR2 212 100 | : * every testresult and its properties are also recorded in | -
° 21 bad ChIpS Endcap R3 23/26 88.5 U). the database’ useful for further StUdleS B EEESD) AS(C Metrology 1 ASIC Attachment 15/03/2024 12:19 21/03/202412:30
. ha|f mOdU|e N : B EEEED) Glue weight (AsiCson 1 ASIC Attachment 18/03/2024 15:11 18/03/2024 15:11
o 0 BN ER AR N RSRNRERRRARNNNERER2228% REAR . . . . hybrid)
>2 A)Channels fall a. Set Of Channel Endcap R4 18/20 900 §§88888888888888888888888888888888888 ggg 2- Stored |nf0rmat|0n Can be retrleved and generate yleld B EXED) Noise Occupancy PPA  729-16 Wire Bonding 27/03/2024 07:57 12/04/2024 14:15
requirements . half module HHHB I report, track module throughput and overall project status ===
 streak of >8 consecutive ad channels Endcap R5 11/16 68.8 Fig: Example of endcap module electrical test and etc. Fig: Example of component record in the database.
4. Causes of failure (trapped charge e o result and failure types (2]
. y \ .
component defect, ASIC tuning, p ——  eee— N
. . - . . e e Warmunder © Warmaway ¢ Cold under © Cold awa Timing Assumptions
aggressive classifier CUtS) were identified sclpp-yPPB LS-029 Run Nyumber 2 Augat 23 gﬁwm:a S mmar
.- . 1250 [ e ~ Moo st scanvShuni st 1o
and mitigated in subsequence module ¢ S G u y
- 1200 [— ., . . =R - Fom e apriom 20 b 12 1 s _ . . .
building. b e 1 o 1. Pre-production was largely successful: 2. Several challen%es rergl_alndth?ft require extensive
- -‘ " % . .. % %, - _ o = =g =
5. IV test: measure sensor current as oo BTV i }\ /q\ 1 W VAN * site qualification far advanced (mostly >90% gg\?::flar::ﬁirg]gZtri]oncgtrrnatlengeiesewgrrteatthrc?r?)%r?:;es.
. . . - . . E +io } || . g
function of voltage multiple times to ool AN AT elggar ) oD /a i M | \ i \ \\ | i qualified) L studied and potential solution has been identified
evaluate sensor performance, e.g: IR A S I | / \\a | \'/ \/ \* n \/* \  lots of modules were built with overall o chall D olude: -
- as part of sensor reception T ,T!@l!@Lx@\/@\f@\!@x ®\(\,J*®\,,"\T / acceptable yield Suc Ig a _engesl, Inciu e% S o
. before and after HV tabblng 1 2 3 4 5 6 7 8 QH 10N 11b | et A S B '|f L T 1T 7 wedowmn « database structures were set up, tools and CO ; nIO|Se— C l(JjSterS (I)d NOISY channeis gg -
o i modules tested at cold temperatures (-35°
* after every sensor or module Fig: Module noise over full thermal cycles [2] Fig: Thermal cycle sequence interfaces were developed . | dule HV b kd P d ( )
Shipment o QC was performed: earlty moaduie Freakaowns and sensor
+40°C Max Chuck Temperature Effects on Bow for Suite of Modules and Glue Types ~ +20°C Max Chuck Temperature Effects on Bow for Suite of Modules and Glue Types 1
» during module thermal cycling o S 4: ; | _: p . iyp Varker Shapes 9 results were collected anq fed back to cracking
6 Th I I ] 400 > E 400 i z E;O ImprOVG tEChnlqueS and tOO“ng : Second continuous glue line module, X hybrid Stream 0
| eir(;la C?/C Irf]g' 35°C to 20°C ( E T | % R - targets re-evaluated to more reasonable — T e
* cycles 1rom - O was 3 “t : i « N vy th g 1200 —— Tenuex = -35°C, shunted
: ‘ . K | e e resholds g B
4OOC) § i 4 T : E = i : - . g 000 —— Tenuex = -50°C, shunted
s L U » 2 e - * QC has found known problems in assembly S g0
. Iull test s;equenpet (as above) at each PR 2 R Sl el and uncovered others, for e.q i
empera ure pOIn ' > V‘,”’- =  Unknown e t . . 400 -
: . L : : . ooling mismatch .
° et Meets specification e Meets specification Marker Outlines . 0 128 256 384 512 640 768 896 1024 1152 1280
evaluate if there is any degradation in L | 1-’F ‘ e T tee > powerboard noise N | |
module performance over a full setof — ~ T oo : - T o, =N i Fig: Sensor cracked after Fig: Cold noise manifested when a module was
cvel Fig: The maximum temperature during cycling is limited to 20°C, which has been confirmed ' - tested cold [2].
yCIleSs : thermal cycling [2].
9 to reduce stress on modules and reduce the module bow measured after cycling. [2] y.

" ‘.-;,\_
-
; _'pﬁ_’/";}-, ] A
> ~ f‘;f.(‘ “ ‘,2-_\

T e
» ’
R
: 4
A
< - EN / j \ =
% \
R & /L . R .
> <« . N\ 2
NG
A
£

[1] The ATLAS Collaboration, Technical Design Report for the ATLAS Inner Tracker Strip Detector, CERN-LHCC-2017-005, ATLAS-TDR-025, CERN (2017)

1University of Toronto, 2Simon Fraser University, 3University of Birmingham, “University of California,Santa Cruz, >Lund University.

[2] Contributions from Ewan Hilll, Luise Poley?, Jacob Johnson3, Karol Krizka3, Kirsten Affolder4, Tony Affolder4, Sten Astrand® et.al for ITk Strip Module Production Readiness Review. IT



