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LLNL's first sets of EBL implantable devices
fabricated in 2024

768-ch device
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LLNL and Canaery develop cutting-edge neural interface technology

w4

dbidp
qb |4
A i dp
dip § dib

ol
)

(1]

av|

i

i
m
(0

apliapfap
)
oo o

ap
(1]
ip
[ )
|
L

b
LG

(13

b m
ahlm

b

@ b

767 electrodes, 1 reference . 1024 electrodes
40um diameter electrodes . . 30um-width electrodes
0.42um trace width 1024-ch device - 1um trace width
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Industry partner

for scent detection | Lawrence Livermore National Laboratory canaery
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Cross-section of LLNL’s implantable devices
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Interconnection vias

Traces routing from
connector to electrodes EIectrodes
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top-sided electrodes
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Topography introduced by vias

4 trace metal
Previously shown: bottom-sided electrodes
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Realistically:
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Example of LLNL's most fabricated device

4 trace metal
bottom-sided electrodes

Contact aligner
128 electrodes
20um diameter electrodes
4-metal traces

5um trace width
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Solid fill = interconnection vias

Diagonal stripes = patterned metal
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Initial dive into using EBL

= New design incorporating sub-micron features
= Traces positioned inside vias

= Need to study and test litho of sub-micron traces in vias (or wells)
and reliability of resist mask for metal plasma etching
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* Resist: 0.75pum AR-N 7520.17 new
* Dose: 105uC/cm?

Patterned resist over wells

Angled Images

* Resist pools in wells leading to film
thickness variations across a wafer.

* Important for patterned resist to be
thick enough to survive as mask

during metal plasma etching. Square wells with

patterned resist traces |

to mimic new design
Top-down Image

FW WD mag O HV curr det | tilt dwell mode
14pm 11.7 mm 10000 x 2.00kV 13 pA ETD 0.0° 20.00 ps SE
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1um pitch traces
1.2pum deep vias with 2um Pl coverage

TESt mat rix PEC: Proximity effect correction

B/S: Bulk-sleeve

Exposure Methods
No PEC or BS PEC only PEC and B/S
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Wider traces and fully developed
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= Undeveloped resist can lead to shorts
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Si/ 1.1um P1/ 2um PI/ 0.3um metal
Close-up of resist features
(no PEC or Bulk/Sleeve)

Trace Width Orview
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Si/ 1.1um P1/ 2um PI/ 0.3um metal

After metal etching
(no PEC or Bulk/Sleeve)

Trace width:
350nm

det | tilt

/ cur
50kVv 6.3 pA ETD 25.0°

ma O H o am tilt | mode } N mag O HV arr tilt 3
/ 829pm 5.0mm 50000 x 1.50kV 63 pA TLD 0.0° 10.00ps BD 829um 50mm 50000x 1.50kV 6.3 pA TLD 0.0° 10.00ps BD

mag O HV curr
829pm 50mm 50000x 1.50kV 63pA TLD 0.0° 10.00pus BD
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Previous test wafers were insufficient

No patterned metal between
polyimide layers
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% 32055PM 8.29um 5.0mm 50000 x 1.50kV 63pA TLD 0.0° 10.00ps BD Verios
Si/ 1.1um P1/ 2um PI/ 0.3um metal

with Patterned metal
between polyimide layers

77

Si/ 1.1um P1/ 0.3um metal/ 2um PI/ 0.3um metal
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Si/ 2um PI/ 0.3um metal/ 2um PI/ 0.3um metal

Example 1: bottom-side electrode devices

1| HV | curr det | tilt uwell <V HIII%
x | 1.50kV 0.10nA | TLD | 0.0° 10.00 ps
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Example 2: top & bottom-sided electrode devices

'

Si/ 1.1um PI/ 0.3um metal/ 2um PI/ 0.3um metal

8/8/2024 HFW WD mag O HV + curr det |t dwell mode: —10 pm—] s | 8/6/2024 HFW WD mag o HV curr det tilt  dwell } 5 pum
411:12PM 829 pm 5.7mm 5000 x 1.50kV 0.20nA TLD 0.0° 10.00 us BD Verios 6:53:12PM 27.6pm 5.1mm 15000 x 1.50kV 0.10nA ETD 25.0° 10.00 ps Verios

% 9/9/2024 HFW D O HV curr det tilt dwell mode t 10 ym 1 9/9/2024 HFW WD r tilt d t 3 um
3:14:35PM 829 um 52mm 5000x 1.50kV 6.3 pA ETD 45.0° 10.00 us SE Verios 3:17:16PM 16,6 yum 52 mm 25000 x 1.50kV 6.3 pA ETD 45.0° 10.00 us Verios
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Topography effects from vias and patterned metal

Issue: Over developing to clear resist in
valleys, led to thinned resist in high points.
Resulting in etched metal during metal
patterning step and ultimately disconnected
electrodes.

Patterned resist

Temporary fix: Over-expose resist in high points to survive long

develop time = split design into datatypes to allow overexposure

in specific regions.

* However, overexposing large features would impact adjacent
small features. Not a problem for this particular design

i

Patterned resist
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Etched metal
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Moving forward

1. Contrast curves
— Improve our baseline for required dosage

2. Dose by region
— To account for topography changes and resulting resist thickness

3. Minimize topography influence where possible
— Route traces away from topographical regions
— Thicker polyimide to planarize
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Thank you! Any questions?

Facilities/Support:

Center for
%% MICRO & NANO
TECHNOLOGY

I

LAWRENCE LIVERMORE MATIONAL LABORATORY

GenlSys

Advancing the Standard

Special thanks to Erin Graf for initial
investigation into e-beam lithography
for LLNLs implantable devices.
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