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Abstract—The goal of neuromorphic computing is to recreate
the computational power and efficiency of the human brain with
circuitry. The ability of the brain to solve complex real time
tasks, while consuming 20 W of power on average, is made
possible through its connection density, adaptability, and parallel
processing. Recreating these features using traditional electronics
circuit elements is incredibly difficult, and therefore, soft-matter
memristors made of biomolecules similar to those found in
biological synapses and capable of emulating various synaptic
features can be used as neuromorphic hardware. In this work, we
introduce and experimentally demonstrate an electronic neuron
circuit capable of interacting with ionic, soft-matter memristors.
These memristors are proven to exhibit short-term plasticity,
especially paired-pulse facilitation and depression found in pre-
synaptic terminals — features that are not found in state-of-the-
art solid-state memristors. We make use of these features for
applications in online learning by developing a synapse-neuron
circuit which implements spike-rate-dependent plasticity (SRDP)
as a learning function.

I. INTRODUCTION

Neuromorphic computing aims at emulating the processing

power and efficiency of the brain. The co-location of memory

and computation in the brain as well as its massively parallel

structure create a powerful and highly efficient computational

scheme that is not found in conventional computers [1] [2].

Moreover, the brain has the ability to adapt through synaptic

plasticity, which allows online learning while processing.

Generally, there are two forms of synaptic plasticity, long- and

short-term. In this work, we will focus on short-term plasticity

as it is an inherent property of the device discussed herein.

Short-term synaptic plasticity, especially paired-pulse facil-

itation (PPF) and paired-pulse depression (PPD), occurs when

the time relationship between neuron spikes causes increases

or decreases in the accumulation of spikes in the subsequent

neuron [3]. The physiological causes of short-term plasticity,

which is exclusively pre-synaptic, are directly related to the

concentration of calcium ions in the pre-synaptic terminal

leading to a greater release (PPF) or a reduced release (PPD)

of synaptic vesicles [4]. This means that short-term plastic

effects are dependent on only input spike fires, unlike STDP

or long-term plasticity.

In this work, we closely examine a soft-matter memristor [5]

which resembles biological synapses and exhibits short-term

plasticity (PPF and PPD) similar to that found in pre-synaptic

terminals. More interestingly, the processes responsible for

such behavior also resemble the physiological phenomena

that create short-term synaptic plasticity in vivo. Experimental

results show the memristor connected to discrete neural net-

work circuitry emulates short-term synaptic plasticity. These

components can create larger networks with the intent to

build neural network structures that use this phenomena to

adaptively solve problems [6].

II. PROPERTIES OF THE BIOMOLECULAR MEMRISTOR

Fig. 1. A biomolecular memristor constructed from a peptide-doped lipid
bilayer (5nm thick) formed at the interface for two lipid coated aqueous
droplets (each c.a. 1mm in diameter) in oil.

A. The Soft Matter Synapse Device

The soft-matter memristive device used as a synapse is

described in [5]. In brief, it is formed by assembling a lipid

bilayer at the cojoining interface of two lipid-encased droplets

of water in oil seen in Figure 1. Each droplet contains lipids,

salt (sodium chloride, NaCl), and alamethicin peptides. The

lipids form a monolayer around each droplet and when the

droplets are brought together a lipid bilayer forms at the

interface. The device uses voltage-activated alamethicin pep-

tides to facilitate ionic current between the droplets across the

highly insulating lipid membrane. Like sodium and calcium

channels in axons, voltage-driven insertion of alamethicin

creates ion channels that are voltage and time dependent. The








