SiW-ECAL.:
Ideas & studies for large surface Si sensor
connection to rigid PCBs using conductive glue.

Adrian Irles

*AITANA group at IFIC - CSIC/UV
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|Outline

P Intro

p» IFIC-preparation work

p PCB planarity issues

p Testing the glues and the gluing techniques
P Mechanical tests of glue strength

® |deas to improve its strength
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|SiW-ECAL sensors & PCB

p Very dense PCBs

e with ASICs (skirocs2a - Omega) handling
the readout, buffering and digitization of
signals

B 57 (o

p 4 silicon sensors

e PiN Diodes of 9x9cm ™2 EUDE layout T
e 0.5x0.5cm? cells Prototype from Hamamatsu

HaOQ me
R R TTT

P No space for wirebonding
p Glue with conductive epoxys

® epoxy+silver mixes

e Low temperature curing (4-80 degrees)
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| Sensor connectivity degradation

» Shown for the first time in Valencia Meeting 2022

b Some slabs present problems.. * Partial delamination of several sensors

Associated to detachment of wafers (glued) ¢ Old and new sensors / modules
Worrisome situation than is to be understood e 500 and 320um

with high priority

~1/3 of 15 slabs seem difficult to be recovered ® Glued at France and Japan

Other slabs are in the pipeline (at least 3 e Observed in generations of FEV (except COBs)
equipped FEV13s + 2 new boards

FEV12/COB/orFEV2.) p Large fraction of the slabs at the CERN beam test
(summer 2022) had this issue
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|Probable causes IFIC A B
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Gluing procedure? Glue degradation?
Glue choice, Chemical oxidation
Mixing, (silver vs aluminum),

curing process... Lifetime of glue...

Storage and manipulations
Lots of traveling
Commissioning procedure
etc
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|Revisiting the gluing - tools at IFIC




p Gluing robot

e + control

p Mixer and tooling for glue.

p Black box with cosmic
stand
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p Nitrogen cylinder
P Sensor probe station

e Switch card+probe card
e (see L. Diehl talk)
p Test bench

p Outside:

e Dry cabinets
e Curing cabinet

e 2 tables/benches
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|l Mechanical deformations of the PCBs

p Systematic metrology measurements have
been performed at reception of the naked
PCBs

e FEV11,12,13, COBs

p After the assembly of components? Not
always...

p Eventual deformations of PCBs were
compensated by

e Aspiration process to flatten the PCB
during the gluing process

e & large dot sizes to compensate for
different distance of the PCB vs wafer

p Shall we remove the aspiration step?

p Shall we increase the threshold for
acceptance of PCBs to be used for gluing?
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Examples of aspiration plates for

Similar plates/system were used by

LPNHE
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| Metrology at IFIC

p Tool for z-axis characterization via optical focus

e Mitutyo Quick Vision Accel, Modelo 808

e https://www.mitutoyo.com/webfoo/wp-content/upload
s/2118 Quick Vision.pdf
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https://www.mitutoyo.com/webfoo/wp-content/uploads/2118_Quick_Vision.pdf
https://www.mitutoyo.com/webfoo/wp-content/uploads/2118_Quick_Vision.pdf

INaked FEV12 (old card)

[N..|  Xvalue|  Vualue| Zvalue| Deviation -
175900003 175909908 1667920 0141372
175050005 170400913 1657923  -0111947
175900007 164909917 1723741  -0.086707
175900800 159400921 1744455 0066571
175990810 153999924 176391  -0.047643
175990011 148409927 1781804  -0030378

Max deformation of ~380um

Max def. for 1 wafer sector
3,702e-002 ~150_200um

175,94998.20 /6499947 1,900461
175,999920 71,489947 1902200
175,999820 65999847 1900112
175,939820 60,499846  1,895871
175,999819 54,999945  1,887742
175999918 49,499942 1875878
175999917 43,999940 1,860332
175,999916 38,499836  1,842900
175999014 32999833 1822111
175,999912 27,499928 1797365
175,999910 21993923  1,770324
175,999908 16,499818  1,742407
175,999906 10999813 1,713781
175,999804 5499808 1,685634
170,499903  175,999808 1,670511
170499805  170,499813  1,699689
170,499807  164,999818 1,726812
170,439809  159,499922 1,748420
170,499910  153,999825 1,768151
170,499812  148,499728 1,786009
170,499913 142999931 1,803379 -0,010543
170,499914  137,499834  1,818619 0,004119
170499915  131,999836 1,831665 0,016588
170,499916  126,499838 1,842758 0,027102
170,439816  120,999933 1,852521 0,036287
170,499917  115,499941 1860677 0,043865
170,499817  109,999942 1867649 0,050260
170,499918  104,499943 1,875325 0,057358
170,499819 98,999944 1883111 0,064566
170,499919 93,499846 1,820875 0,071752
170,499820 87,999847  1,896599 0,076898
170,499920 82,499848 1903140 0,082861
170,499920 76,999848 1907781 0,086924
170,499921 71,499949 1909650 0,088216
170,499920 65,099848 1907708 0,085696
170,499920 60,499947  1,902785 0,080195
170,499920 54999746 1895874 0,072706
170,499819 49499944 0,061167
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[N..|  Xvalue|  Vvalue| Zvalue| Deviation|
175,999766 175,999660 -0,352383 -0,213949
175,999768 170,499764  -0,329146 -0,189808
175999769  164,999767 -0,309074 -0,168833
175999669 159499670 -0,290920 -0,149777
175,999770 153,999772 -0,274445 -0,132399
175999771 148,499775 -0,255539 -0.112589
175999772 142999778 -0,2341 -
175999773 137499781 -0,2119 ~
mem sem 02t \lax deformation of ~400um
175999776  126,499688 -0,1689
175999776  120,999790 -0,1521
175,999677 115499793  -0,1354
175,999678 109,999795 -0,1227
175999779  104,499796 -0,1100
mem e ux Max def. for 1 wafer sector

1 ,298e*001 175,999779 93499799  -0,0933

175,999680 87,999800 -0,0833

175909780 82499801 -0,0754 -~ 2 0 0 u m

175,999781 76,999802  -0,0696

175,999781 71499703  -0,067004 0,088590

175,999681 65,999803 -0,064824 0,091672

175999781 60,499802 -0,064927 0,092473

175,999781 54,999703  -0,061193 0,097110

175999781 49,499803  -0,059079 0,100126

175,999781 43,999804 -0,056169 0,103940

175,999681 38499804 -0,056623 0,104389

175,999781 32999704  -0,056925 0,104990

175999781 27499802 -0,059177 0,103641

175,999781 21,999803  -0,060451 0,103270

175,999681 16,499702  -0,063070 0101554

175,999781 10,999702  -0,066858 0,098670

175,999680 5499701 -0,072323 0,094108

170,499668 175,999764 -0,329178 -0,201397

170,499769 170,499667 -0,308532 -0,179847

170,499770 164,999770 -0,289249 -0,159661

170,499770  159,499772 -0,271532 -0,141041

170,499671 153,999675 -0,256983 -0,125590

170,499672 148,499677 -0,238579 -0,106282

170,499673  142,999681 -0,216045 -0,082845

170,499774 137499784 -0,195384 -0,061281

170,499775 131,999687 -0,174734 -0,039727

170,499676 126,499790 -0,156271 -0,020362

170,499777  120,999792 -0,142283 -0,005471

170,499778 115499794  -0,128530 0,009186

170,499778 109,999795 -0,116534 0,022084

170,499679 104,499797 -0,103291 0,036230

170,499779 98,999699 -0,092974 0,047451

170,499780 93,499800 -0,084209 0,057119

170,499680 87,999701 -0,075375 0,066855

170,499781 82,499802 -0,069537 0,073597

170,499781 76,999703  -0,064582 0,079455

170,499781 71499704  -0,060159 0,084781

170,499781 65,999804 -0,058081 0,087762

170,499781 60,499804 -0,055023 0091723

170,499781 54,999705 -0,051662 0,095987

170,499782 49499705  -0,048724 0,099828

170,499782 43,999805  -0,046657 0,102798

=




| Planarity issues

p (until last year) The final flatness requirement was given by the aspiration procedure

e |f it holds — it is candidate for gluing

p With such requirement

e both cards would have been eligible for sensor gluing

p Are the conductive glue dots able to hold this mechanical stress?
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| Planarity issues [FIC

P We should increase the threshold on planarity requirements for the PCB producer

p We should also study the optimization of the thermal process for the assembly
e Peak temperatures of 200-280degrees

p Started discussions IFIC&IJCLAB with Rompal (spanish company) to study and optimize the
thermal process during the assembly

e Assembly companies as Rompal have several thermal programs (10-15 Rompal) depending on the type of

PCB.
e Test also the component assembly by external companies?

Examples in Spain: Rompal is a company for component assembly that usually works with/for PCB produced
by Lab-Circuits (also spanish).
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| Deformations during the curing of glue? IFIC A E3

Curing in oven (no mechanical stress due to aspiration)
» The glue curing requires some temperature
e Usually (for us) 40-80 degrees for 8-4h
p We did some tests in climatic chambers
e Going to 80 and 100 degrees for several rounds of 12h
e Also high humidity runs (80% at 30 degrees)
* No differences observed
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| Deformations during the curing of glue?

Curing in aspiration plate

» The glue curing requires some temperature

e Usually (for us) 40-80 degrees for 8-4h

p The temperature is applied via resistors in the aspiration plate

Point-like heat sources
Controlled with PID.

e Mechanical stress during the heat.

e Quick ramps
p Important deformation observed

e Unfortunately, no metrologies available before and after...
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| Testing different glues

» EJ2189

Glue used since 2015

Room temperature curing
Lifetime of 2-3h

It seems better for stencil application than
dot

» H20E

e Recommended by vendors and other HEP
projects

e Higher temperature curing (but 80degrees)
e 3 days lifetime

e Easy mix and better viscosity for dot deposit
and/or stencil

» E4410

e Old glue, not used anymore.
e Similar to EJ2189.
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| Testing different glues [FIC A B
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p Still in the beginning of the learning phase

e Using ad-hoc tools (serynges, stencils) to understand the glue behaviour
p First lessons...

e the H20E is the easier to handle

e The E4410 shows important degradation in conductivity with time (~40% of the dots double the
resistivity in one month)

p Still many open questions:

e Optimal curing time? Curing temperature?
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| Tests
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with fake Wafers
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| Tests with fake Wafers

X S

p Work in progress at |JCLab
p The FEVs are cutted in 4 (4 fake wafers)

® |t has been cut with a manual precision grinder.
p Planification of pull tests

e for different glues

e Curing times

° Etc.

Irles A.,
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|Harder glues? Underfill approach

p In |JCLab: a proposal to use an underfill

e EPO-TEK 301-2FL
® |t expands by capilarity filling the full area

e Requires a second curing process

» Work in progress )
e (first pull tests ongoing) 7@ wj
[ o
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| Testing the double tape approach

p Another approach is to use double tape

® Dirk managed to get a sample of 150um which is perfectly okay for CALICE

Irles A.,
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|Testing the double tape approach
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| Testing the double tape approach

P As we speak
e Stencil design rprecessfinished (with holes of 3mm diameter)

® Production will, hopefully, happen-befoere-CALICE-meetingnext week

P Questions (for underfill too)

e What are the electrical properties of these solutions ?

p Discussions with 3M searching for alternative solutions

Irles A.,
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|Summary & prospects

p Lots of preparation work... More to do.
p Gluing expertise need to be re-acquired by the SiW-ECAL group

e Optimizations to be done, following previous experience and new ideas/tools
p Flat PCBs... still an issue to be understood

P Interesting alternatives in the industry

p More person power is crucial.
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