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ACF hybridization and integration )\

Work performed within the CERN EP R&D program, supported by the ATLAS, ALICE, CLICdp, and Medipix3 collaborations

O

Pixel detector hybridization
0 Introduction to Anisotropic Conductive Films (ACF)

2 R&D
o In-house ACF hybridization process development

0 Module integration with ACF %
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Hybrid pixel detectors 5

o Hybrid design allows to optimize sensor and read-out chip (ROC) independently

o Interconnection technology must keep up with pixel miniaturization

o Standard interconnection technology = Bump-bonding

o Photolithographic process; requires full wafers for UBM and bumps deposition

o Complex and expensive 2 Can add up to half of the module production cost

m  Not well suited for an R&D phase and multi-project wafer productions
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ACF - Anisotropic Conductive Films )

ACF is the dominating interconnect technology for displays (LCD and OLED), camera modules and RFID chips

O Multiple 3 ym polymer spheres plated with conductive coating embedded in an adhesive film

o Conductive U-particles gets captured between the contact pads of the devices during thermocompression

m  Permanent mechanical attachment and anisotropic electrical connection in the direction of the compression

o Slim display driver ICs: 25-30 mm in length, ~1mm width, with contact pads of ~600 pum?

o ~1000s contact pad with pitch of 25 pum, arranged in a single row

m Pixel detector challenges: ~100.000s pads with fine pitch in 2D = Smaller contact pads (~300 um?)
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https://www.linkedin.com/posts/maria-elena-simeone-214542b2_acf-industrialization-solderfree-activity-6765930061011939328-j_4z
https://www.linkedin.com/posts/maria-elena-simeone-214542b2_acf-industrialization-solderfree-activity-6765930061011939328-j_4z

ACF - Anisotropic Conductive Films 5

o  Timepix3 (+ planar Si sensor)

O Widely used read-out ASIC (HEP, medicine, space, education...) — Medipix collaboration

O 14 x 14 mm? 256 x 256 pixels; 55 hm pixel pitch; 18 hm wide pixel pads
o ACF hybridization

O Replace single solder bump with multiple Pm conductive particles

Metal layer

Passivation
opening

O Hybridization minimum pitch reduced with ACF particle diameter

O In-house UBM post-processing and flip-chip bonding

"o

~35k pdrti‘cies/hﬂm?'



https://medipix.web.cern.ch/high-energy-physics
https://medipix.web.cern.ch/medical-imaging
https://medipix.web.cern.ch/space-dosimetry
https://medipix.web.cern.ch/education
https://medipix.web.cern.ch/home

UBM for ACF )

S R&D
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o UBM needed to pinch the ACF particles (between the device’s pads) and establish the electrical contact

o ENIG is a wet chemical deposition of Ni and Au (without external electrical current)

o Self-patterning on exposed metal contacts under passivation layer openings

®  Maskless process = lower cost

o Qualified an industrial ENIPIG process for full wafers (Timepix3 and sensor)

o In-house ENIG UBM plating on CLICpix2 (single devices) as first small-pixel plating test

Silicon sensor substrate

Contact pad

Contact pad

Read-out chip substrate
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In-house Flip-chip %)

o  Semi-automatic flip-chip bonder at Geneva University
o Substrates up to 100 mm x 100 mm and chips up to 22 mm x 22 mm
m  Chip-to-chip, chip-to-wafer or chip-to-circuit bonding
o Alignment stage resolutions: 0.015 pm in XY; 1 prad in 0
m  Post-bonding accuracy 0.5-1 um achieved and planarity < 10’s [rad
o Heating up to 400 °C and force applied by bonding arm up to 100 kg

o Dispenser system allows for automated dispense of glue

m  Additional options for + thermosonic bonding + reflow + UV curing...

Pick and place
tool (Head)




ACF bonding )\

o ACF lamination process: 50~80 C (<10 kgf/cm?, for1~2 sec)

0 Main bonding pressure: 306~815 kgf/cm? (150~180 C for 5 sec) Main bonding
o Timepix3: 256x256 * 320 uym? = 0.20 cm? — 61~163 kgf r Y \
o CLICpix2: 128x128 * 200 pm? = 0.03 cm? — 9~24 kgf I
XN N ASIC
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O

ACF bonding

Test structure with 5 matrices of pads with different sizes

O Resistance scales with the (pixel) pad size and film particle count
B Acceptable resistance in hybrid pixel detectors is S 100 Q

m  Timepix3 pixel contact pad is ~320 pm?; CLICpix2 is ~200 Pm?2
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Test-structure pad with ACF particles captured
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Timepix3 ACF hybrid )

S R&D
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Timepix3 ACF hybrid o)

= R&D
S— 6
o Good bonding results with pixel matrix partial coverage é 548 ’ < - 10
o Compression/spreading of the ACF (during bonding) helps to 220 : & ‘a_: - .
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ACF hybridization o)

S R&D

o Ongoing process optimization for Timepix3 ACF assemblies

Currently available ACF
Minimum bonding area: 1000 um?2

o Different pixel matrix coverages and tuned flip-chip parameters -:ﬂéiz'_- 3 '.',. B :M:?
. . . :.. o o'...O [ ind .o°. o:..n
0 Assemblies of CLICpix2 + planar Si sensor .-...?s,_ iy | ',‘.'-:,‘. -':. g->
o :.0 s .a .....‘.'.......l
o 128 x 128 pixels, 25 um pixel pitch, 3.2 x 3.2 mm? | i A °;? - B il
F: . " . *. > .o s> b :‘
®  The smaller area increases the effective bonding pressure ., v 4 :f.'. ! :.'. :" :::: By .
(keeping the same bonding force) ey © 0pe® 9° :. | -_0.'. o Se ._'.'.
®  Mechanical sample show full compression of the ACF f Particle aligned ACF
' Minimum bonding area: 300-400 Um?

o Tests with new particle aligned ACF
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Module integration with ACF &)

“ ‘ £ AN AT > L . mvicente@cern.ch = 17/02/21
o ACF for thin monolithic detectors electro-mechanical bonding to chip-carrier flex Kaptons
o ACF allows the interconnection of the chip with the outside world
+ a lightweight (few Um thick = flexible) mechanical fixation to its carrier board /flex
o ALPIDE as a test vehicle for bent modules
o Profit from setup developed for testing curved wire-bonded ALPIDEs

Towards: Development of ultra-thin and large flexible modules

1024 pixel /3 cm
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ALPIDE ACF bonding tests

o Produced new flex printed circuit (FPC), with a ZIF socket, for the ACF bonding trials

o Currently limited in size due to bonding head dimensions of 22 mm x 22 mm
0 In-house ENIG plating on the ALPIDE chip for higher bonding pads

o  Lower force (20 kgf) and reduced bonding time required (low interconnect density)
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ALPIDE ACF bonding tests o)l

o First mechanical cross-section investigation
o ALPIDE ENIG pad thickness of about 10 Um

o Good ACF compression achieved

m  ACF compressed in ~1Um gap between the pads, oozing (“squeezing out”) to the volume between the pads

Flex via hole

e
ALPIDEfchips:




ALPIDE ACF bonding tests

o  Flex and breakout board with probing points for testing the connections

o Verification of the bonding quality in-situ, right after flip-chip assembly
m  Faster tuning of the bonding parameters
m  Possible monitoring even during flip-chip bonding!

2 Extracted contact resistances between ~0.4-0.6 Q

ALPIDET ry

[Ohm] ™2 3 P4 5 6 ™7 8 P9 TPIO TP TP12  TP13 TP14  TPIs
™1 8.336+03  1.20E+02 |IGIOOER00/NOMGER00| 2.70E+04 252E+05 2.526+05 [IGBER00] 2.28E+05 2.27E+05 [NOIBBER00| 2.28E+05 2.26E+05 [NOIZER00)
P2 4.23E403 413E+03 4.26E+03 4.25E+03 3.12E+04 2.35E+05 229E+05 A.55E+03 207E+05 207E+05 4.25E+403 2.10E+05 205E+05 4.23E+03
TP3  120E402 8.33E+03 1226402 123E+02 271E+04 252E405 2526405 1.27E+02 228E+05 226E+05 126E+02 227E+05 2.26E405 1.26E+02

8526403 1.22E+02
8.56E+03  1.23E+02
TP6  232E404 7.20E404 233E+04 2326404 2.32E+04
TP7  187E+05 220E405 188E+05 1.87E+05 1.67E+05 2.26E+05
TP8  187E+05 220E+05 188E+05 1.87E+05 1.87E+05 225E+05 9.17E+03
P9 8.58E+03  1.276+02 [JIAERONMNAMGERO1| 2.70E+04 2.53E+05
TPI0  570E+06 5.86E+06 237E+06 237E+06 237E+06 241E+06 273E+06 G.O1E+06  2.37E+06
TP11  569E+06 5.87E+06 5726406 572E+06 5.72E+06 5.76E+06 6.93E+06 G.91E+06 5.71E+06 9.17E+03 5.72E+06 6.77E+06 6.75E+06 5.72E+06
P12 861E+03  1.276+02 [JITIERONINAAERO]| 2.70E+04 2.53E+05 2.53E+05 [IOI20EI01] 2.28E+05 2.28E+05  2.26E+05 [JNGIOE0M)
TP13  235E+06 240E+06 236E+06 236E+06 235E+06 240E+06 272E+06 272E+06 235E+06 6.48E+06 6.48E+06 2.36E+06 9.12E+03  2.36E+06
TP14  547E+06 5.62E+06 5.48E+06 5.47E+06 547E+06 551E+06 G.65E+06 G.65E+06 5.46E+06 6.48E+06 6.4BE+06  5.47E+06 9.12E+03

P15 8.70E+03  1.276+02 JAFOERONMAMAEROT| 2.70E+04 2.536+05 2.53E+05 [JAAER00] 2.28E+05 2.27E+05 [MIGITOEI0M| 2.28E+05

33
o &

270404 253E+05 2.53E+05 228E405  2.27E+05
2.70E+04 2.53E+05 2.53E+05 2.28E+05 2.27E+05
291E+05 291E+05 232E+04 267E+05 2065E+05 2.32E+04
9.18E+03 1.87E+05 4.15E+05 4.14E+05 1.87E+05
187E+05 4.15E405 4.14E+05 1.87E+05
228E+05  2.27E+05 2.28E+05  2.26E+05 [NAHAER00)
9.17E+03 5.73E+06 6.77E+06 6.76E+06 2.37E+06

2.28E+05 2.26E+05
2.28E+05 2.26E+05
2.66E+05 265E+05 2.32E+04

4.15E+05 4.13E+05 1.87E+05
4.15E+05 4.13E+05 1.87E+05

Path Resistance Pad Resistance
C00-C02 9.70E-01 C00 5.95E-01
C02-C04 9.20E-01 C02 3.75E-01
C04-C00 1.14E+00 Co4 5.45E-01




ALPIDE ACF bonding tests )
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0 Read-out works and shows good results = Good communication /interconnection between ROC and Flex

o 4 samples produced so far, all of them working as expected

Next steps:
o Next iteration with optimized FPC

Towards: Tiling of 4-side buttable modules with minimum dead-area

o Assembly flexibility and connection evolution to be tested
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CERN

ACF for MALTA (planning) .
18| mvicente@cern.ch — 17/02/21

o  The MALTA chip was designed with large area pixel modules in view. See Petra’s talk

o  Chip-to-chip asynchronous transmission of power and data via CMOS 10 pads
®  Via Al wedge wire-bonding Or Via a Si-bridge chip
m  Si-bridge allows a smaller gap (between the chips) w.r.t. wedge wire-bonding 2 Module with smaller dead-area
O  Successful tests with bump-bonding of Si-bridges have been made (cf. Petra’s slides)

m  Existing plated chips can be alternatively connected with ACF > MALTA ENIG plating and bonding preparations on-going

N AR A
Flip-chip bonding tool
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https://indico.cern.ch/event/983068/contributions/4223151/
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Conclusions and outlook R&D

- Ci

Motivating first hybridization and interconnection results
o In-house UBM plating and flip-chip assembly
m Successful Timepix3 ACF hybridization
O  Work-in-progress for 100% matrix coverage and connectivity yield

Towards: Fine pitch hybridization (25 Um pitch)

B Mechanical sample on CLICpix2 device shows expected bonding gap - !
o First successful ALPIDE-flex integration with ACF
O Assembly flexibility and connection reliability to be tested
Towards: Larger 3x3 flexible module assembly w/ new flex design

o Planning on-going for MALTA module integration



