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Concept for a two-terminal biomolecular synaptic mimics

A two-terminal, biomolecular memristor featuring similar structure (biomembrane),
switching mechanism (ion channels), and ionic transport modality as biological synapses
while operating at considerably lower power.

Ag/AgCl

Alamethicin
peptides Synaptic

° Phospholipid ~ VeéSIcle / Presynaptic

membrane
Aqueous phase

&
________________________________ 5
£
Aqueous phase e _—»
®
IS
D Postsynaptic
Inserted <

alamethicin

Oil phase & channel

+ Biological synapses enable electrochemical transport of information. Key processes are voltage and ion-selective transport via
transmembrane channels.

+ The behaviors of synthetic memristors are largely phenomenological; they are also noisy and power-hungry!
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Droplet Interface Bilayers: insulating model membranes
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Building blocks for cell-inspired
compartmentalized materials...

;g,() AK RIDGE

National Laboratory



S0l
Im %
I e
T35 9 | |
|
2 .W 2 n | = N
4 £:58 | = l&
— 2
3 o2 | — ¥ s
®© Q = | B y |
< > « @ | L S o
o e m | . £
m md - O | 2_I_
ke’ 382> | | 1
= cmoc €8 _ Ty B
4 o985 |
© O o = > \ =) /
C \ T T T T (- 1
e \ ~— /
Q \ \
(D)
b \
o \ !
L\ 19
w \ 8\
= \ /
O / /
> \ /
\
= - 18 .
2 — [
o) [ 2 7 e o)
(o) £
O o F
ey i 1<
()
Q
=
O o
c i Tl
e
(D)
-
0
< o & © & & o°
S S S S S
iy < 02} N —
yd - waunn

-~
"
4

I

-
¥

National Laboratory

OAK RID

¥



Current-voltage relationships of alm-doped biomembranes

DPhPC: RT vs. 50°C
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Dynamic switching performance and switching longevity
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Current (n

Short-term learning across multiple voltage pulses (PPF & PPD)
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Simulations of short-term plasticity in a biomolecular memristor
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Biomolecular memristors as bio-synapses

Online learning circuit application: Short- and Long-term learning
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Experimental demonstration of short-term learning
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How do we train DIB-based neuromorphic systems?

Evolutionary Optimization for Neuromorphic Systems (EONS)
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Network for EEG classification task:
Training Accuracy: 98.5%
Testing Accuracy: 98.5%

6 neurons, 6 synapses
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Reconfigurable soft-matter interfaces exhibit memory capacitance too!

The same setup void of any memristive ion channels exhibits a memcapacitive
behavior. Memcapacitors have been theorized but never realized.

Memcapacitive response
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The geometry of the bilayer interface changes in response to voltage

The same setup void of any memristive ion channels exhibits a memcapacitive
behavior. Memcapacitors have been theorized but never realized.

Unpublished data (in prep)

Upon application of a transmembrane
voltage bias v (DC or AC) two
phenomena occur:

1) Electrowetting which results in an
increase in membrane area (i.e.
radius r) driven by changes in
surface tension.

2) Electrocompression which results
in a decrease in membrane
thickness (w) driven by compressive
forces generated by the attraction
between opposite charges.
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State variable and equations
V =v(t)
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State variable and equations
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Sinusoidal (150 mV, 0.17Hz)

Hex RT _0.17 Hz
1250 —T

L
I

1000

Capacitance(pF)
I
o

0 10 20 30 40 50 60
Time(s)

Unpublished data (in prep)

The units for &,,,, k., are
(N.s/m2) and (N/m?2),
respectively

The units for &, and k.,
are (N.s/m) and (N/m),
respectively
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Plasticity and signal processing
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There are two time constants, one
related to EC (the quick rise) and

the other related to EW (the slow
rise)...
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Our system is great for sensing and signal processing applications

We are not limited to a single type of ion channels. Multiple stimuli-responsive
ion channels could be used for applications in sensing and signal processing.

® Edge Computing?!
<« Ag/AgCl wire
Alamethicin
peptides
° Phospholipid
membrane

Aqueous phase

Aqueous phase

Inserted alamethicin
channel

Qil phase © % OAK RIDGE

I ;l[ll)l'l.!] ].dl\tn,”nl !




*Reconstituted

**Reconstituted in DIBs
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A wide variety of ion channels and pumps could be investigated
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Why ORNL, Why Now?

« Oak Ridge National Lab is a national
leader in computation and materials

research

- We are approaching the end of Moore’s \ Modeling /
law era.

Fabrication

« The reliability of the loT, edge, and cloud
computing in exponentially growing.

Working
synapse/
neuron

« Power consumption and environmental
considerations are the main problems
humanity faces this century

« Crosscutting efforts in chemistry, biology,

engineering and computation (with all the
right people and ingredients available 3D Architecture
locally)

* Insight into the evolutionary path of many Combine loT and edge
Species computing
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Response to pulses — control
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Response to pulses — Hexadecane at RT
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