Assembly Process of the Innermost Modules
Paneer of the ATLAS ITK Pixel Detector
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/ Abstract \ . | N
- The High-Luminosity (HL) phase of the LHC targets unprecedented levels of luminosity that have Tri plet ASSGmbly > The ITk pixel detector for the ATLAS HL will include 3D

sensors In the inner most layer.

strong implications on the experiments. ATLAS will be improved to face the increased radiation

damage and occupancy. » The space available for 3D modules (or triplets, as they

contain 3 sensors per unit) Is very tight.
- The most demanding sub-detector system of the ATLAS HL-LHC upgrade is the Pixel Detector of the

Inner Tracker (ITk). > We assembled 3 triplets using silicon dummies. These

dummies have similar dimensions as the final bare
modules (which will consist ITKPixVV2 chips bump-

- The compactness of the pixel detector system is crucial to obtain the desired performance: each pixel ponded to 3D pixel sensors)

detector module must meet rigorous requirements of space and alignment.

» The dummies are glued on the hybrid flex, a flexible PCB
that allows the operating of the front-end modules.

- The method to assemble the modules developed at IFAE s tested with dummy samples, and shown to

(1) satisfy the envelope constraints, (2) meet the specifications on the amount and coverage of glue and
total module thickness, and (3) fulfil the wire-bond pull-test requirements.

»  This work shows the assembly method and the results of
3 triplets (fabricated in a row) in terms of the
accuracy obtained in view of the specifications

Metrology Full triplet length

We measure the full length on both edges, the wire-bonding

The assembly process has several requirement and specifications on geometry and gluing methods that we must
follow. These are some of the most relevant parameters that we must achieve:

We can see that on both edges, the length meet the > Triplet full length: between 6.19 and 6.34 mm. > Pull test strength: above 5 g (per wire).
specifications. » Nominal distance between dummy and the flex > Average strength: above 8 g.
WB side [mm] NWB side [mm] edge: 180 pm.
oo 61243 61242 > Nominal gap between dummies: larger Glue and thickness:
T 6133 61285 than 50 um, our nominal target is 180 pm. > Covered area: above 80%.
Module 3 61265 61264 > Align edges: + 25 um. > Glue thickness: between 25 and 55 um.
) Triplet width
To place the dummies on the flex in a systematic way: M Eth OdO I Ogy
» Align the dummy to the flex along the NWB edge. =  "ER
= > Displace the dummy by 180 pm. (T oo Set of
= Fe cHie 3> Place (glue) the dummy.
s |\p S cameras
= i , Sy 0 We measure the full width and the average distance between the flex edge and the ‘il
LL dummy on several places along the triplet. - .
_ Table 1 shows the average and maximum full widths of the assembled dummy N — Pick and place
% > triplets. \ e S I arm
B E Table 2 shows the accuracy of the method and the deviation with respect the nominal _
A - - Value (180 um). Pick and place
g8 1 e vacuum plate
0 Table 1 Average full width Maximum full width Table 2 Average flex edge- Deviation wrt nominal ' — . -
— [mm] [mm] " | dummy distance [um] [um] = Pick and place air Set of micrometers (with a
Triplet 1 21.348 21.419 Triplet 1 178 ) plate T o ’
R 21342 21355 Triplet 2 171 9 To assembly the triplets it is necessary to perform the Precision o M €ach One
1. Prepare the glue and place the hybrid flex on the
Dummy rotation > The sketch shows the two variables that we need to measure to determinate if vacuum chuck
the dummy is rotated with respect the flex. _ S ey e P
> To calculate the angle, we use the next formula: 0=arc tan(AY/X). Y1 and Y2 2. Place the stamp In the pick and place vacuum heade_r’
are the distances between the dummy pads to the flex. soak the stamp in the glue layer and stamp the flex in
" . _ _ the first position.
—— Y2 Triplet 2 Dummy pads to flex rotation ROtaFlon for the dummies
av T - Dummy 1 Dummy 2 Dummy 3 In Triplet 2. We can see 3. Remove the stamp, pick the dummy with the header
AY [um] 10 | AY [um] 12 | AY [um] 6 that the angle is small, so and align it to the first position.
0 [ 0.028 0[] 0.035 0[] 0.018 the dummies are not
rotated wrt the flex. 4. Place the dummy in the first position and apply
Gap between dummies pressure.
> We measure the gap between dummies _ . W o |
after the assembly. Picture from the microscope used to measure 3. \\a also measure the alignment 5. Once the glue is sufficiently dry, repeat the process . 1op left: Picture of the stamp - Right: Picture of the placing process of
> NWB and WB gap values between two | the gap betyveen dummles.‘ between adjacent dummy edges. for the next dummy, l—{)?o()lt;(:rghlgt. Soaking the stamp in the the dummy on the flex.
adjacent dummies are similar, confirming e > All the values meet the
» The deviation wrt the target of 180 um G I ue StUdy and th ICkﬂESS.
's between -200 10 . Triplet1 | L-2fum] | 2-3[um] Amount of glue and covered area
Triplet 1 Gap 1- 2 Gap 2- 3 : :
riz; a 7 Lul > o Lol I\\I/\\//\?B 194 22 » To measure the amount of glue we use an » To determine the area of glue we use glass dummies.
NWE 53 63 _ analytical balance (0.1 mg error). » In the picture we can see the covered area.
rrerz T Gan 2 T | Gan 23 pm Triplet 2 12 [hm] 23 [Hm] >  We measure the weight of all the components > The table shows the amount of glue and the covered
P S e =it WB 12 S before and after the assembly process. area per chip.
wWB 190 182 NWB 16 8 »  After the assembly, there were no glue seepages. Dummy 3 Dummy 2 Dummy 1
NWB 187 184 Triplet 3 1- 2 [um] 2- 3 [um] Weight 5 mg 7 mg 8 mg
Triplet 3 Gap1-2[um] | Gap2-3 [um] W8 1 10 Du[ang]y 1 Du[rrzgiy ; Du[rrr:]rg]y ° Coverage 83.8% 83% 83.1%
WB 177 168 Alignment between NWB 1 8 _ ——
NWB 179 161 dummy edges U >0 >1 08 . e
Triplet 2 8.4 7.7 6.9 RN A % | | Picture of the covered area
Triplet 3 74 8.9 7.9 ' R | on each glass dummy
" _ " » Wire-bond pull tests done on an early triplet module (Dec - R S
Wire-bonding 2020). Glue thickness
3 » We noticed that it Is critical to have a good glue coverage, _ _ _ _
specially below the WB area. > We es-tlmated the glue thickness, measuring the difference between the Z
> Glue coverage improved since Dec 2020. coordinate on the flex and the dummy. o
> But even the first triplets met the specs (to be checked in » All the measurements marginally meet the specifications.
IateSt tl’lpl@tS) Force vs Time (sample 118 results 5-14,19-34 36-38) > We are f(.)rCEd to measure along the edgeS; Where the erX ShOWS many The upper SketCh ShOWS the pOSItlon Where WE
‘ — irregularities. This limits the precision of the method. are able to measure the thickness.
‘ P 725 % udl Triplet 1 DUMMY 1 DUMMY 2 DUMMY 3 The bottom sketch shows the calculus to
B - et - Thickness [um] _ B_ec‘f_’luse the determinate the thickness.
T 5 3 e ——="=cal B IRER R — 5 5 - limitations of the Leica Microscope
This triplet e | Il 1| 1\ || || = e _e; : = measuring method, a
All above 5 g Min 6.7 g . A I B op right ° >0 large error (no lower /B LM™Y !
Average > 8 g 8.2+0.8 g | ' oem o = i = than + 20 um) should e | B
Heel breaks > 90% 97% (38/39 - T be considered.
eel breaks > 0 0 ( ) 100.0000 200.0000 300.0000 4000000 500.0000 The table shows the thickness for the trip|et 1. Flex T g, g _71
4 Conclusion N
Geometry and Envelope Glue and thickness

» Our assembly process satisfies all the geometry requirements.

A : : :
> We are able to achieve a £20 yum positioning accuracy. » A good coverage over 80% has been demonstrated with glass dummies. Having followed the same procedure,

the same coverage Is expected for these silicon dummies.
» No Glue seepage has been observed.
Wire Bonding >  The measurement of the glue thickness is especially difficult: The results are marginally within the
\ »  The wire-bond pull-tests, measured In earlier triplets, are within the specifications. specifications, but we plan to improve the glue thickness measurements with a profilometer. /




