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Abstract— Modern computing applications increasingly rely 
on technologies in artificial intelligence, machine learning, and 
big data analytics. These applications often demand more 
powerful and energy-efficient hardware. Resistive switching 
random access memory (ReRAM) has emerged as a promising 
solution to satisfy both the storage and computing needs. In this 
paper, a natural organic honey film embedded with carbon 
nanotube (CNT) was fabricated into a resistive switching device, 
and the resistive switching behaviors were investigated. 
Endurance test results show the cycle-to-cycle variation of set 
and reset voltages. On/Off ratio in retention test was found to be 
in the order of ~105  which proves its potential as a non-volatile 
memory device to support neuromorphic computing 
applications. This research opens up opportunities to execute big 
data and machine learning applications with modest energy 
consumption and minimal electronic waste.  
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I. INTRODUCTION  
The invention of transistor technology has become one of 

the greatest scientific discoveries in human history. However, 
according to Moore’s law transistor based conventional von 
neumann computer architecture is getting closer to its atomic 
limits, and newer technology with better performance and 
higher energy efficiency is becoming increasingly sought after, 
especially for supporting data intensive and machine learning 
applications. With this in mind, extensive research has been 
carried out to develop neuromorphic computing systems which 
can mimic behaviors of human brain. As human brain is the 
most efficient computational entity, using only 20 watts of 
energy for computations, where its counterpart, i.e., the 
conventional computer, uses energy in the range of megawatts.  

Such neuromorphic system requires hardware that can 
emulate biological neurons in order to execute machine 
learning workflows. Resistive switching random access 
memory (ReRAM) is a promising candidate for data storage 
technology in neuromorphic computing system due to its low 
power consumption, reliability, and fast switching 
characteristics. But after these ReRAM devices exceed their 
expected life usage, their disposal produces huge amounts of 
toxic electronic waste that is harmful to the environment and 
human health. Therefore, ReRAM made from natural organic 
materials is gaining popularity because they are 
environmentally friendly, biodegradable, comparatively low 
cost, and renewable [1, 2]. In this paper we fabricated a 
ReRAM device from natural organic honey embedded with 
carbon nanotubes, honey-CNT ReRAM, and reported its 
resistive switching characteristics. A machine learning 

algorithm was also developed to predict device fabrication 
parameters. 

II. EXPERIMENTAL  
Fig. 1(a) shows the schematic design of the honey-CNT 

ReRAM device. To fabricate the device, the pure honey was 
mixed with De-Ionized (D.I.) water to make a 30% solution. 
Then, as-received single wall CNT powders with a 0.2 wt% 
concentration were dispersed into the honey solution in an 
ultrasonic bath for 60 minutes. One glass slide (2.5 cm×2.5 cm) 
was cleaned in a chemical bath of acetone, IPA, and D.I. water, 
followed by the deposition of a 100 nm-thick ITO film as the 
bottom electrode. Next, honey-CNT solution was spin-coated 
on top of the ITO film at 3000 rpm for 60 s and baked at 90 °C 
for 8 hours to dry the honey-CNT film. Finally, a 100 nm-thick 
Al film was deposited as top electrodes through a circular 
stencil mask with varying diameters in the range of 100 μm to 
500 μm. Fig. 1(b) shows the fabrication process flow, and the 
device is shown in Fig. 1(c). 
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Fig. 1: (a) Schematic diagram of a biological synapses with a honey_CNT 
based resistive switching device. (b) Device fabrication process flow. (c) 
Photograph of the honey-CNT ReRAM device. (d) Surface morphology of 
honey-CNT film measured by an optical surface profiler. 






