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Motivation

readout

outer sleeve

* Implantable neural
interfacing devices CMOS pixel array

* Therapeutic devices
for neurological
disorder

* Tools for studying

neurological circuits flexible

diaphragm

microwire

* Massively parallel bundle
microelectrode array for

neural implant
* Microelectrode-

CMOS interface
. Rivnay, J., Wang, H., Fenno, L., Deisseroth, K. & Malliaras, G. G. Next-
¢ SOlder bond|ng fOr generation probes, particles, and proteins for neural interfacing. Sci.
mechanical stability Adv. 3, €1601649 (2017)

M .-E. Hanna, “A scalable, practical approach to neural modulation &

and OhmiC contact recording,” Stanford University, 2018.




Bundle slice fabrication
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Bundle slice fabrication

Sliced into
1-2 mm
bundle slices

Handle wafer
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Etched back wire bundle
packaging (glass, shrink
wrap, epoxy)



Counted: 1.5k Wires
for 1.5 mm bundle
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Bundle slice fabrication
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Test chip
fabrication

Electrical
connection circuit

Passivation

Solder patterning
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Test chip
fabrication

Electrical
connection circuit

Passivation

Solder patterning
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Test chip
fabrication

Electrical
connection circuit

Passivation

Solder patterning




SVG coat
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Test chip
fabrication

Exposure with Heidelberg
Develop with SVG develop

Descum after developing

10 nm Ti (adhesion)
50 nm Pt

Metal deposition
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4” quartz wafer E-beam evaporation, innotec 4” quartz wafer

Lift-off w/ acetone

Over-night

S10,

PECVD A

4” quartz wafer - > 4” quartz wafer
CCP, depositing >1 pum SiO»

|

Electrical
connection circuit

220-7
_ Exposure, develop, descum
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Wet etch
BOE etch, 20:1

Passivation

3umlIn

Solder (5 um In)
patterning

1 um Au

50 nm Pt
10 nm Ti

Solder deposition, metal lift-off
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4” quartz wafer
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Bonding on Flipchip bonder




Bonding on Flipchip bonder

Mount to Flipchip arm upside down
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Bonding on Flipchip bonder
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Apply flux before bonding
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Bonding on Flipchip bonder




Bonding on Flipchip bonder




Bonding conditions DOE

3 0 X

3 10
6 (solder chip) S
20 (bare 170 3 25 X
chip/bundle) 3 50 X
6 25 X
6 50 V4



Bonded assembly

Mechanical Stability Test




Bonded assembly

Post-Bonding Bundle Surface Post-Bonding Test Chip Surface
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Bonded assembly

Post-Bonding Bundle Surface Post-Bonding Test Chip Surface
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HY ‘SDOt WD |Det| Mag HFW ’ Date \
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3 |5.2mm|SE |2500 x| 116.5 um | 06/02/18, 19:31 | e 2 () || et




Bonded assembly

Post-Bonding Bundle Surface Post-Bonding Test Chip Surface

WD |Det| Mag ) ' B Hv |Spot| WD |Det| Mag | HFW
5.2 mm | SE [12000 x| 24 ."’ 06/02/18, 18:3 5 SKV| 3 [52mm|SE |5000 x[58.3 um 00’03’10 19:20 | e | () || e




Bonded assembly

Punts

Confirmed: In on
Au microwires

WD
4.7 mm
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Project
summary

Successful patterning of 2D array of 5-
um tall solder micro-pillars

Achieved sub-170 °C bonding between
10 um solder pads and microwires,
likely with ~400 °C reflow temperature
due to intermetallic formation

Threshold bonding conditions: bonding
time 6 min, bonding force 50 N

|dentified potential upgrades for the
Flipchip bonder in ExFab: horizontal
levelling, controlled environment,
automated flux application



Explore use of forming gas for
reducing bonding force/time

Improve quality control of
microwire glass coating for precise
etch-back

Scale up: 64 -> 1000 bonding sites

Quantifying bonding performance:
detailed impedance testing
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