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ABSTRACT 
The memristor, experimentally verified for the first time in 2008, is one of four fundamental passive circuit elements (the 
others being resistors, capacitors, and inductors). Development and characterization of memristor devices and the design 
of novel computing architectures based on these devices can potentially provide significant advances in intelligence 
processing systems for a variety of applications including image processing, robotics, and machine learning. In 
particular, adaptive coded aperture (diffraction) sensing, an emerging technology enabling real-time, wide-area 
IR/visible sensing and imaging, could benefit from new high performance biologically inspired image processing 
architectures based on memristors. In this paper, we present results from the fabrication and characterization of 
memristor devices utilizing titanium oxide dielectric layers in a parallel plate conuration. Two versions of memristor 
devices have been fabricated at the University of Dayton and the Air Force Research Laboratory utilizing varying 
thicknesses of the TiO2 dielectric layers. Our results show that the devices do exhibit the characteristic hysteresis loop in 
their I-V plots.  

 

1. INTRODUCTION 
Adaptive coded aperture (diffraction) sensing is an emerging technology enabling real-time, wide-area IR/visible sensing 
and imaging. Adaptive coded aperture sensors may enhance wide field of view, near-instantaneous optical path 
repositioning and high resolution while reducing weight, power consumption, and cost of air- and space-borne sensors. 
Such sensors may be used for military, civilian, or commercial applications in all optical bands.  

Specialized imaging architectures can potentially provide significant performance boosts to such sensing applications. In 
particular biologically inspired algorithms and architectures can enable processing capabilities beyond the scope of 
existing systems. The recently discovered memristor can enable the efficient design of such biologically inspired 
architectures. 

The memristor was first theorized by Dr. Leon Chua in 1971 as a fourth fundamental circuit element. Along with the 
resistor, capacitor, and inductor, the memristor is a two terminal passive device. The memristor was initially proposed as 
a missing link in what should be the four fundamental circuit elements. If the resistor is a device that holds a relationship 
between voltage and current, the capacitor holds the relationship between charge and voltage, and the inductor holds the 
relationship between current and magnetic flux, then the memristor is the device that links magnetic flux to charge [1]. 
The memristor is a device that has a variable resistance that is dependent on the state of the device. These devices have 
not been physically realized until recently, because they depend on phenomena that take place only in the nanoscale 
regime. Dr. Stanley Williams’ group at HP labs discovered how to build the device and published their findings in May 
2008 [2]. 

For a device to be considered a memristor, the I-V curve must be in the form of a pinched hysteresis loop that crosses at 
zero [1]. So if an arbitrary voltage waveform is selected as the input, the current waveform must equal zero at any point 
that the voltage waveform is equal to zero.  

The memristor device presented by Stanley Williams consists of a titanium oxide layer and an oxygen deficient titanium 
oxide layer sandwiched between two platinum electrodes [3]. The oxygen deficient titanium oxide layer is conductive, 
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while the un-doped layer is resistive. As larger voltages are applied, the vacancies migrate, causing the ratio in the 
thickness of the oxygen deficient and non-deficient layers to change [3, 4].  

Memristors are receiving significant attention because it is widely thought that the devices can model synapses in the 
brain while consuming very little chip area. The devices act as non-volatile memories because their resistance does not 
change when the voltage across them is removed. The strength of the synapse between two neurons can be modeled by 
the conductance of a memristor. As the strength of a synapse is reduced, the resistance of the memristor is increased. A 
dense layer of memristors can be built into a chip to allow more area efficient implementation of neuromorphic models. 
In [5], Dr. Greg Snider suggests that it is possible to fit 1011 memristors into one cm2, whereas the brain contains 1010 
synapses per cm2.  

This paper focuses on the fabrication of memristors for enabling devices-opportunities which could potentially yield fast, 
compact, high-performance, robust diffraction-limited imaging sensors for IR applications. Initial results in fabricating 
and characterizing TiO2 based memristors at the University of Dayton in collaboration with the Air Force Research 
Laboratory (AFRL) are shown. Two different memristor devices were fabricated with varying thickness in the dielectric 
layer. Our results show that the devices do exhibit the characteristic hysteresis in their I-V plots. Further refinement in 
the devices to achieve stronger hysteresis will be carried out as future work. 

Section 2 discusses the fabrication technique for the memristors, and section three describes the experimental setup for 
testing the devices. Section 4 discusses the experimental test results, and section 5 provides a conclusion.  

2. DEVICE FABRICATION 
Preliminary work in developing and characterizing memristor devices has been carried out by the University of Dayton 
in collaboration with AFRL sensors directorate (RY). The devices, UDMEM1 and UDMEM2, differ in the thickness of 
the dielectric layer. UDMEM1 includes a 900 nm titanium oxide layer and a 440 nm oxygen deficient titanium oxide 
layer sandwiched between top and bottom electrodes (see Figure 1 and 2). UDMEM2 is a similar device with thinner 
titanium oxide layers (450 nm for titanium oxide and 220 nm for oxygen deficient layers).  The titanium oxide layers 
were formed by magnetron sputtering at an oxygen pressure of 14 mTorr. The UDMEM1 device was formed at a 
temperature of 200°C, and the UDMEM2 device was formed with a temperature of 350°C.  

 

 
Figure 1.  First memristor device fabricated at the University of Dayton – UDMEM1. 

 

 
Figure 2.  Second memristor device fabricated at the University of Dayton – UDMEM2. 

 
For each of the devices, the bottom electrode was a typical metal stack used for Ohmic contact on low resistivity Si – 
about 500 nm thick (Ti/Al/Ni/Au) capped with a 100 nm Pt layer. The top layer was a Ti/Au layer deposited to a 
thickness of about 800 nm.  The bottom metal layer was rapid thermal annealed at 850°C for 30 seconds to create the 
Ohmic contact to the Si substrate. Two wafers, one each for UDMEM1 and UDMEM2, were fabricated with several 
devices on each wafer. 
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3. EXPERIMENTAL SETUP 
To test each device, a probe was applied to the top electrode, the 800 nm Ti/Au (see Figures 1 and 2). The device was 
grounded through the low resistivity Si, which is connected to the bottom layer of the device. The devices were tested 
using a Keithley 2400 SourceMeter, so that a voltage could be applied and the current read to generate device I-V curves. 
Each voltage is entered in step intervals by hand, first increasing to the maximum voltage, then decreasing past zero to 
the minimum voltage, and back to zero. This provides the ability to use a DC voltage source to apply voltage in a cyclic 
fashion. The experimental results obtained are discussed in the next section. 

4. EXPERIMENTAL RESULTS 
Several different tests were performed on the two fabricated memristor wafers UDMEM1, and UDMEM2. First, a single 
device on each of the wafers was selected and a voltage loop was applied. In this test, a voltage loop is considered to be 
from 0V to 4V, then 4V to -4V, and back to 0V. Figure 3 shows the I-V curve for the UDMEM1 sample. A slight 
hysteresis loop can be seen when a positive voltage is applied to the device. The current flowing through the device is 
slightly higher on the voltage decrease as opposed to the initial increase. Figure 4 shows the I-V results for the 
UDMEM2 sample. This sample has a thinner titanium dioxide layer, and has a larger hysteresis loop when comparing to 
the UDMEM1 sample. A small hysteresis can also be seen where the voltage is negative. 

 

 
Figure 3.  Test results for UDMEM1 with a voltage loop ranging from 0V to 4V to -4V then back to 0V. 

 

 
Figure 4.  Test results for UDMEM2 with a voltage loop ranging from 0V to 4V to -4V then back to 0V. 

 
The UDMEM2 sample was then tested with an increased voltage range to see the changes in the hysteresis loop. The 
voltage loop was set from 0V to 5V, 5V to -8V, then -8V to 0V. The upper limit on the voltage in this test was 5V 
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because the meter used to determine current can only measure up to 105µA. At 5V, the current measurement was at a 
maximum so the voltage was then decreased. When the voltage was decreased the current through the device limited 
itself to -10.51µA, so the voltage was brought to 0V to complete the loop. These results are plotted below in Figure 5. It 
can be seen that the size of the hysteresis loop increased as voltage range tested became greater. 

 

 
Figure 5.  I-V curve results for UDMEM2 with voltage ranging from 0V to 5V, to -8V and then back to 0V. 

 
The final test conducted was designed to see how the hysteresis loop changed as multiple voltage loops were applied in 
succession. The UDMEM2 sample was selected for this test as it provides the superior results when comparing the data 
in the previous plots. The voltage applied was increased from 0V to 5V, from 5V to -12V, then -12V to 0V. Since these 
tests were done on a different device on the UDMEM2 wafer, the results look different when comparing to the 
UDMEM2 test in Figure 6, especially when the voltage is negative. This device has a much higher current flow in the 
negative region as well as a larger hysteresis loop. This suggests that the wafer is not uniform, and different devices are 
behaving differently in different locations throughout the wafer. The following three plots show the I-V results when 
three consecutive voltage loops are applied to the device. Figure 6 shows the I-V curve for the first voltage loop, Figure 
7 shows the second, and Figure 8 shows the third. When comparing Figures 6, 7, and 8, it can be seen that the hysteresis 
loop became less uniform as the second and third voltage loops were applied. The three I-V curves appear to be most 
predictable when the voltage is positive. When the voltage is negative, the hysteresis changes much more between each 
pass and degrades more severely. This test clearly shows the hysteresis loop with an intersection when the current and 
voltage are both 0. This shows that the necessary conditions are met for this device to be considered memristive. 

 

 
Figure 6.  Multiple voltage loop test, first pass. 
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Figure 7.  Multiple voltage loop test, second pass. 

 

 
Figure 8.  Multiple voltage loop test, third pass. 

5. CONCLUSION 
The data collected from the tests conducted show that the fabricated devices display a clear hysteresis loop characteristic 
of memristors. The devices are more conductive when the voltage applied is positive. The devices exhibit different 
behavior even when they are located on the same wafer. When multiple voltage loops are applied in succession, the 
hysteresis loops appear to degrade. The UDMEM2 device was tested most successfully, and shows best conduction 
when positively biased. This correlates to the fact that the memory effect in memristors increases as device thickness 
decreases. For a device to be considered a memristor, a pinched hysteresis loop must be present in the I-V curve with an 
intersection where the current and voltage are both zero. All tests show the correct 0 intersection, and all tests on the 
UDMEM2 device clearly show the shape of a pinched hysteresis loop.  

In the future, we will develop smaller devices to achieve higher densities and better memristive characteristics. This is 
because the memory effect of these devices is inversely proportional to the square of their thickness [2]. Finally we plan 
to explore new architectures based on memristors applied to imaging applications. 
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