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Neural Interfaces
Engineered devices that read or alter neurons’ signaling

Artificial Retina

Electronics Case —. Retinitis Pigmentosa

Deep-Brain Stimulation
“Pacemaker for the brain”

Invention of the Year

/' POPULAR
| Electrode ®SCIENCE

=" TIME

2013

Parkinsons, Tremors,
Dystonia, Epilepsy, OCD

Cleveland

Receiver
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Speech Restoration

Speech/auditory cortical surface recording 128 mtraco[tg\jaﬂ /;argtéeFfor rodents

LLNL/UCSF
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Anatomy of a Neural Interface

Electrodes
Shank/head
Cable/traces - Micro/Nanofabricated Probe
Contacts
Substrate
Connector(s)
Electronics
Firmware
Power

LLNL/Canaery

Nose Computer Interface

reverse view Sponsored tiy//
DARPA

Collaborators:

Boston
Scientific
Distributed and Extendable Neuromodulation Platform ' — S ] : 50-100 “V Smgle units in NHP
ntraoperative in-human testing
(LLNL, Haque, 2019) (Chang, Leonard, Sellers - UCSF) RueCkemann’ UW
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Flexible Polyimide Probes at LLNL

Flexible Polyimide Probes [Why] at LLNL

Conform to brain Great engineering polymer Center for Micro/Nano Technology
Minimize tissue damage Chemically stable 22k ft2 - 33k ft2

Decouple from motion Biocompatible High-throughput

Flex around blood vessels Mechanically robust 1ISO13485 Biomedical Foundry

Low moisture uptake
Amenable to nanofab
Spin-on, 0.5-25+ pm
Holds fine features
High-vac compatible
Non-contaminating

100 pm

K? L e A

LLNL/UCSF (Massey/Chang Xie (Rice)
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Micro 2 Nano

128 ch

20 um electrodes
- Y
I ‘ 5 ym traces

512ch s —————
500 um electrodes T
5 um traces 512 ch 1024 ch

15 um electrodes 30 um elect

0.42 ym traces 1 um traces

767ch
40 um electrodes
0.42 pm traces

g O HV de
000 x 1.50kV 0.10nA ETD 2!
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Less common EBL challenges

150 mm wafer scale. ...

Negative alignment
markers

| 5

~10-20 layers per fab, only global alignhment ——— design ~500 nm overlay tolerance

... 8 wafers/batch
1

300 nm thick Ti-Pt-Au-Pt traces...

1. choose resist carefully
2. maximize resist thickness
3. maximize selectivity

Must design for throughput!
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Where is PEC useful?

in feature density

Large variations

4:07:31 PN

W mag O  HV

8/6/2024 | HFW

10.00 ps

dwell

tilt

det

o
=
o
(a]
P |
-
<
[
o
273
o
=>
-
o
S
-

829 um 5.1 mm 50000 x

2:04:59 PM

>

10.00 ps

°
=
n
N
(=]
=
w
<
c
o
2
(=]
2
o
0
-
X
(=
(=
o
N
=
=
-

207 pm

6:53:45 PM

LLNL-CFPRES-2006673

ivermore

National Laboratory

Lawrence L

&



Python is great for PEC

utName + ' L° + layerum +

outName + '_L' + layerNum + "-' + layerDe:
: filename_ldb } )

print(
no_LEDB_p

print(’LEDB
no_LED

no_LEDB_preexist:
heal_out heal (extract_out
fracture_out R.fracture(heal
try:

print('T

PSF_ref_static_front

PSF_ref_static_tail

if PSF_tag

PSF_archi

PSF_archiv

+ PSF_ref_:

Lawrence Livermore

+ PSF_ref_static_tail

+ PSF_ref_static_tail

+ PSF_ref_static_tail

Export LEDB after PEC, before
fracture. Avoid re-running PEC.

Only way to programmatically
select PSF for PEC per layer.
(Had | needed to!)

End Loop (1)
+



What about the insulating substrate?
It doesn’t matter at 100 keV!

TRACER simulations, 20M electrons each

1e+07 -
le+0E -
le+05 |
1111111

Insensitive to polyimide thickness

3333333

Blue: AR-N 7520 on 300 nm TiPtAuPt over 2, 4, 6, 8 ym polyimide
Red: CSAR on 100 nm Al over 2, 4, 6, 8, 10 pm polyimide
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Manage many layers
with loop variables

Easy to run 1 layer or N layers
* Runandignore for~24h

* No needto track which parameters to
change and which modules they’re in

* No need to maintain external list of
values

* Parameterize output file naming with
layer and beam info = clear and
consistent

Lawrence Livermore

Generic Neural Flow v7g, 2024... X

Extract Region
+

['l ExtractLe

End Loop ]
+
%1  PHX-vad_LB(0)....
+

Variables

Advanced

Comment

Loop Mode

Insert

Generic Loop Loop Ower Layer Loop Over Cell
Delete Generate List File List Import Export
%looplayer% Y%loopbss% pecurr %loopspot%
1 0.050 300 0.168
2 0.077 300 0.168
3 0.050 300 0.168
40) 0.050 120 0.067
4(0) 0.056 150 0.083
4(0) 0.065 200 0.117
4(1).4(2) 0.077 300 0.168
5 0.050 300 0.168
6(0).6(3) 0.050 120 0.067
6(1).6(2) 0.077 300 0.168
6(2).6(3) 0.1 300 0.152
7 0.050 300 0.168
8 0.077 300 0.168
9 0.050 300 0.168
10 0.050 300 0.168
39 0.168 300 0.168
40 0.168 300 0.168
41 0.050 300 0.168
42 0.077 300 0.168
43 0.050 300 0.168
44 0.050 300 0.168
45 0.050 120 0.067
46 0.077 300 0.068
47 0.050 120 0.067
48 0.050 300 0.168
49 0.077 300 0.168
50 0.050 300 0.168
51 0.050 300 0.168
52 0.077 300 0.068
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Design for throughput

Minimize required dose 01 x][nA]

AR-N 7520.17 new 105 uC/cm? fIMHz] = D [.UC ] % 52 mz]' fr< 125 Mhz
ma-N 2405 260 uC/cm? cmz| ">

CSAR 6200.18 275 uC/cm?

PMMA 950K 680-750 uC/cm?

Split GDS layers into datatypes
e.g., layer 6(0), 6(1), 6(2)
Assign beam based by feature size

Maximize beam current
aximiz . Datatypes within layer PEC together

EBPG 5200 limit: 300nA 167nm spot
>200 nm features: 120nA 47-68 nm spot

Minimize aperture realighments
Minimize beam Step size Minimize current Changes
Smoother features Minimize aperture char.1ges
Beam defocus is overlooked knob — Common source of job crashes

(EBPG/BEAMS issue)
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EBPG Fracturing and Tool Decisions

* 10 um main field overlap
* Meander along dominant trace direction
* Curved fracturing 7.3.0fixed a 7.2.0 bug with incorrect fracturing!

 Jump & Settle

* Increase settling time by 10x to reduce notching at polygon boundaries (negligible write time impact)

HFW WD mag 0O HV < curr det tilt | dwell

FW WD cu
41.4uym 49mm 10000 x 1.50kV 0.10nA TLD 0.0° 10.00 ps

Lawrence Livermore
National Laboratory ~ LLNL-CFPRES-2006673 12



EBL implantables to date | Other EBL in progress

» App/Software

 Wafer-scale metalens array
 Quantum junctions, traps
* Photonic integrated circuits

Visual Prosthesis =

' Gratings for fusion laser diagnostics
(industry collaborator)  OQlfactory Recording Array

H
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I
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(collab. Canaery)

Lawrence Livermore 13



Funding & Support

Funding
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Canaery CRADATC02420 [ ' | (&

NSF Convergence Accelerator, 24C0015 @ e

Facilities/Support
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Thanks to Marvin, Kaustubh, and Roger for the endless support!
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