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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 : HCCStMAW 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 D 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 Tk [1]. module with all relevant components [1].
% Fig: (one of) endcap type modules )
e Y I N
Site Qualification QC Programmes
1. An internal 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 assemblies: _ o P ——— .
production readiness, i.e:  Bonding issues/bonding reliability (e.g. SCT) I{ In-situ / post-assembly QC i
« completion of pre-production « Sensor bow (as seen in ATLASO7 prototype : Ensure correctness of assembly and suitable for next step ] :
- 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 |1
- | | | support/global structures) ' M within ATLAS detector. |
 limited number of components available during pre-production Oth _ t hvbrid hanai \ P . . . - - .
> to ensure that all parts being built follow procedures er requirements (no hybrids overhanging Recention OC
. - the sensor edge, proper glue coverage for eception Q
—> to ensure sufficient number of parts available to develop procedures £ and d h | ot | T
- 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 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 | : j— Issues. ; :
validated by cross-checks and module - - _ - _ - R " g
exchanges between institutes Fig: Metrology_ Is performed using specialized optical (z-focusing, edge finding, T T, - i
pattern recognition) or laser ranging measurement system (e.g Keyence, CMM) ¥ , : : I |
2. Module glue weight: weigh parts before and Mean ASIC glue height | Hybrid x deviations e , ‘ , R 1| | P a——
after gluing and calculate glue weight from the N I o g9 /deBondpeel’ s npulFoce@  Sedadbeviaion 4
difference o e ek i , “ | /
. . . = Pass w/ p| ouble pea S cause 16 Py TR '.':\*.. X >, § i ekt ‘ _: 12 E 2 i
~ data showed glue dispensing is well under - by different gluing tools ¢ Pull test 00p for bond pull esis o - . i
control, may be descoped as it requires risky : - g;g?ézfglhoestilgigtrl%s ja | | | " ' ° I improvised vacuum
handling | _ ool L, 7 buttowithinthe | : Wirebonding requirements: s ‘ lig and machine issue
Table: Module metrology speC|f|cat|ons. _ o e o 2 20 gpecifications. o+ . > 100 wires per sample 2 ; - \
Mean Powerboard glue height . > 8g mean pull strength with <10% peel offs B T
Y P — L X . Minimum Pull Force per Sample (g % of Bond Foot Peels
_ _ _od | New  JETEEIRERSEEE e Ut of spec cases were c<159
X allgnment of hybrld and powerboard, Ax 100 Hm +250 Hm :%: y 0 Carefu”y studies to ® 2 5g fOI‘ S|ng|e wire pUII Strength F|g Pu” test resu|ts Wlth ha|f moons sensor Samp|e_ 50 Samples
Y alignment of hybrid and powerboard, Ay +300 um +250 um S A L pinpoint the cause, e.g: from 15 sites (barrel and endcap) [2].
_ 3 mismatch of modified
Average glue heights under ASIC and 70 to 170 um: Pass = old tools + new
powerboard, h 120 = 40 ym 40 to 70 um: Pass with Problems i3 powerboards is less Height map (250 ym color _ _ ] ] ]
<40 pm or > 170 um :Failure able to control the glue ~ 'ange) ofanendcapR3 4. Visual Inspection: after each assembly step to ensure objects were not damaged or no obvious issues occurred
i i 9 heiahts of d PB on jig without vacuum
Shield box height < 5710 um over sensor surface ﬂg)l(gests of warpe shows the flex is ot 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. )
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Performance QC Database
1 Electrical . ¢ din light-tigh 1. Itis aims to record the entirety of ITk production. Component Detals
' eclztrlca t;es(;s 'S r? 3r ormed in light-tight « trace component relations even for large assembly B
enclosure 1e with dry air. components, e.g.: when an ASIC is glued onto a hybrid,| _ ... .. . .
* In a single module test setup at room the ASIC becomes a child of the hvbri ybrid Assembly - ssembly
: . : y rid :
temperature as quick confirmation and | e nformation ©
for finding bad channels o « to track components, components are associatedtoan |
 In a multi-module thermal cycling box Fig: Example of an single Institute where it is built, so does its current location:
a'S a' StreSS teSt' mOdUIe teSt bOX- e phySICaI Shlpment mUSt be aCCOmpanled by a. Component Type (<] @STAR Hybrid Assembly HYBRID_ASSEMBLY Parent List
. . . w 5 d at ab aS e Shlpm ent r e C Or d Type ROHO Assembly <3 @ STAR Hybrid Test Panel 20usET00000038
2. Testevaluates the thredshol_d, gain, input — ”type Jll EPErr—. : > such component tracking is especially necessary for m
arre - 4 GLOBAL BAD, UNBONDED, VERY LOW GAIN, VERY LOWNOISE | % | . Current Location University of Toronto UT Child Component List
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Of eaCh Strlp/ Channels- Barrel LS 74/79 934 23 EFL%EEFJOWGW : ] Home Institute T University of Toronto UT #18/03/2024 5 Laurelle Maria Veloce
I ] 750 4 - to reflect their QC status/stage e
3. A mOdUIe faIIS If: Endcap Rl 3/6 500 B .%1: -5 . . . Test Run List @ - "
« >1 bad chips EndcapR2 212 e g « every test result and its properties are also recorded in | - a
1 0| . Test Run number tage Test date Jpload tim P
[ ) >2% Channels fall a Set Of Channel Endcap R3 23/26 885 (0. the database’ useful for further StUdleS B EEXST) AS(C Metrology 1 ASIC Attachment 15/03/2024 12:19 21/03/2024 12:30
re I re m e ntS h a'f mOdU|e e L woy . . . . ,Sbr Glue weight (ASICson 1 ASIC Attachment 18/03/2024 15:11 18/03/2024 15:11
qu | S 500 2. Stored information can be retrieved and generate yield P ——— — — —
° Streak Of >8 CO”SGCUUVQ bad Channels half module g%gggb‘wwMNNNNNN%%gNNNNNMNMNNNNNN%%gNNNNNMNNMNMNNg%ggg% report’ Check Inventory’ traCk module throughput and EPedesIalTr:mPPA 7291 Wire Bonding . 27/03/2024 07:42 12/04/2024 1415
4. Causes of failure (trapped charge Endcap R5 11/16 68.8 Fig: Example of endcap module electrical test overall project status and etc. Fig: Example of component record in the database.
. ’ UL OEUIE result and failure types [2].
component defect, ASIC tuning, \ /
aggressive classifier cuts) were identified Timing Assumptions p —____________________________ _ _ _———————— S
.. . e Warmunder © Warmaway ¢ Cold under ¢ Cold away
and mitigated in subsequence module SCIPP-PPB_LS-029 Run Number P, 2 i 4 i
building. 3. summary
1200 — . . . . . _: eel -, temF:)c:er;:ure * Finalwarm up from 20°C fo 225C: 10 minutes ] . . H
5. IV test: measure sensor current as AP R L S N See——— 1. Pre-production was largely successful: : _Seve:fal cihallen%es re?'amdth?ft rteq;ure exte_r:SIV€
function of voltage multiple times to ok T e ?\ VAN AR AT * site qualification far advanced (mostly >90% nvestigation and combined etiort at many sies.
, s R e B | /\ | ] ﬂ | \ ,‘F\ / alified Several mitigation strategies were thoroughly
evaluate sensor performance, e.g: w0 4% %% A% 4F & ot 5 ok 0f . 39 ] ) /\ /\\ i \ nu qu ) o ‘udied and potential solution has b dentified
. as part of sensor reception RIS TN \ / TATATAIAY N n \/f | - lots of modules were built with overall Zu r|1€ harl]l poten Ial ilo ution has been identiied.
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- before and after HV tabbing I B T,*@xf'OxT/O\T/ Q\f’@‘#@%{@\ﬁ\#@"f'h / acceptable yield >He Ig a .engesl’ '”tc Hae e ehanrals
- after every sensor or module shipment T B | s sum e - database structures were set up, tools and Co y ”IO'SE— C l(JjS ers (I)d noisy channels ec,)é -
- : T i modules tested at cold temperatures (-35°
* du”ng module thermal CyC“ng Fig: Module noise over full thermal cycles [2] Fig: Thermal cycle sequence interfaces were developed | dul b kd P d ( )
6 Th I i | | « QC was performed: * early module HV breakdowns and sensor
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) o B |1 R - targets re-evaluated to more reasonable g 1200- o = 357 shued
» full test sequence (as above) at each . y | : ’ i thresholds 5 - B
temlpertatt_Jfrtehpom_t dearadation i el S I : B « QC has found known problems in assembly L o]
evadu? e f ere is any egra; ﬁllort] lrfl o e T e [ e and uncovered others, for e.g: g 600
module performance over a full set of B o R [ > tooling mismatch o
CyCIeS 1B SUEHITETIY. Meets specification Marker Outlines . 0 128 256 384 512 640 768 896 1024 1152 1280
| - | | e, - powerboard noise | | |
" @ . = e . o o “" m  Other : Fig: Cold noise manifested when a module was
Pre-cycling module bow (im) Pre-cycling module bow (um) Flg Sensor Cracked after tested Cold [2]
Fig: The maximum temperature during cycling is limited to 20°C, which has been confirmed thermal cycling [2]. '
\_ to reduce stress on modules and reduce the module bow measured after cycling. [2] ),
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