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Abstract-As semiconductor devices have shrunk further into 

the nanoscale regime, a new device, the memristor, has been 

discovered that has the potential to transform neuromorphic 

computing systems. This device is considered as the fourth 

fundamental circuit element. It was first theorized by Dr. Leon 

Chua in 1971 and has been discovered by HP labs in 2008. This 

paper describes initial efforts at fabricating the memristor 

devices and examining their properties. Two versions of 

memristor devices have been fabricated at the University of 

Dayton and the Air Force Research Laboratory utilizing 

varying thicknesses of the Ti02 dielectric layers. Our results 

show that the devices do exhibit the characteristic hysteresis 

loop in their I-V plots. Further refinement in the devices to 

achieve stronger hysteresis will be carried out as future work. 

I. INTRODUCTION 

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 April 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 
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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, 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]. 

The hysteresis loop is caused by the amount of energy 
required to move the + 2  charges that originate in the Ti02_x 
layer. There is a delay between the motion of the charges and 

the application of an electric fIeld that causes the memory 

effect [ 2]. 

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 lOll memristors into one cm2, whereas the 

brain contains 10 1 0  synapses per cm2• 

This paper presents initial results in fabricating and 

characterizing Ti02 based memristors at the University of 

Dayton in collaboration with the Air Force Research 

Laboratory (AFRL). 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 II discusses the fabrication of the devices. Section 

III explains the experimental setup for characterizing the 

devices, while section IV presents the I-V plots for the 

devices. Section V concludes the paper. 

II. 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). Several different memristor devices have been 



fabricated, and two of them will be discussed in this paper. 
The devices, UDMEM2 and UDMEM8, differ in the 

thickness of the dielectric layer. UDMEM2 includes a 4 50 

nm titanium oxide layer and a 220 nm oxygen deficient 

titanium oxide layer sandwiched between top and bottom 

electrodes (see Fig. I and 2). UDMEM8 is a similar device 

with thinner titanium oxide layers (50 nm for titanium oxide 

and 50 nm for oxygen deficient layers). In each case, the 

bottom layer on the device is a 4 00 nm layer of Si with 

resistivity of I to 10ncm. 

The titanium oxide layers were formed by magnetron 

sputtering at an oxygen pressure of 14 mTorr. The 

UDMEM2 device was formed at a temperature of 350°C, 

and the UDMEM8 device was formed with a temperature of 

400°C. 

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/AllNi/Au) capped with a 100 nm Pt 

layer. The top layer was a Til 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 

UDMEM2 and UDMEM8, were fabricated with several 

devices on each wafer. 
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Fig. I. First memristor device fabricated at the University of Dayton -
UDMEM2. 
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Fig. 2. Second memristor device fabricated at the University of Dayton -
UDMEM8. 

III. EXPERIMENTAL SETUP 

Fig. 3 (a) shows how multiple devices are aligned on the 

UDMEM2 wafer. Fig. 3(b) shows a single device being 

examined using a probe under a microscope. To test each 

device, a probe was applied to the top electrode, the 800 nm 

Ti/Au (see Figs. I 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 Princeton 

Applied Research computer controlled parameter analyzer in 
a cyclic voltammetry setup. This allowed the voltage to be 

applied in a loop fashion so the hysteresis loop could be 

generated. The current for a number of voltage steps was 
recorded to obtain the resulting I-V plots. The experimental 

results obtained are discussed in the next section. 

(a) 

Fig. 3. Memristors on wafer: (a) alignment of mUltiple memristors on a 
wafer, and (b) probe applied to test a single device. 

IV. EXPERIMENTAL RESULTS 

Several different tests were performed on the two 

fabricated memristor wafers UDMEM2, and UDMEM8. 

First, a single device on the UDMEM2 wafer was selected 

and a voltage loop was applied. In this test, a voltage loop is 

considered to be from OV to 5V, then 5V to - 5V, and back to 

OV. This loop was applied to the device five times and each 

pass was observed to see how the I-V curves changed. Fig. 4 

shows the I-V curve for the first pass on the UDMEM2 

sample. A slight hysteresis loop can be seen when a positive 
voltage is applied to the device. The current flowing through 

the device was slightly higher on the voltage decrease as 

opposed to the initial increase. Fig. 5 shows the I-V curve for 

the second pass when testing the UDMEM2 sample. These 

results show that the size of the hysteresis loop increased 

when compared to the first pass. Then, the hysteresis started 

to degrade after the second pass and the resulting I-V curve 

after the fifth pass can be seen in Fig. 6. In all three cases, 



the device was only conductive when positively biased. 
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Fig. 4. Test results for UDMEM2 with a voltage loop ranging from OV to 

SV, to -SV then back to OV on the first pass. 
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Fig. S. Test results for UDMEM2 with a voltage loop ranging from OV to 
SV, to -SV then back to OV on the second pass. 
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Fig. 6. I-V curve results for UDMEM2 with voltage ranging from OV to 

SV, to -SV and then back to OV on the fifth pass. 

The test results for the UDMEM8 sample were similar to 
UDMEM2, except the hysteresis loop was slightly larger. 

Also, the device was more conductive since the titanium 
dioxide layers in this device were thinner than in the 
UDMEM2 sample. The initial increase in conductivity 
happened much faster in this sample when looking at the 
data for the first voltage loop pass in Fig. 7. Then, Fig. 8 
shows how the size of the hysteresis loop increased during 
the second voltage pass. The fifth pass in Fig. 9 shows 
degradation in the hysteresis much like in the UDMEM2 
device. The UDMEM8 sample also shows that conductivity 
was only present when the device was positively biased. 
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Fig. 7. I-V curve results for UDMEM8 with voltage ranging from OV to 

4V, to -4V and then back to OV on the first pass. 
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Fig. 8. I-V curve results for UDMEM8 with voltage ranging from OV to 
4V, to -4V and then back to OV on the second pass. 
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Fig. 7. I-V curve results for UDMEM8 with voltage ranging from OV to 

4V, to -4V and then back to OV on the fifth pass. 

These tests both show the hysteresis loop with a current 
that goes to zero at a zero voltage bias. This shows that the 
necessary conditions are met for this device to be considered 
memristive. 

The last test conducted shows the UDMEM2 device's 
reaction to voltage pulses as opposed to a DC bias. Fig. 10 
shows the results when applying pulses to the device. This 
test was done by applying a 2% pulse oscillating between 0 
and 4V to the memristor, with a frequency in the range of3-
50Hz. The number of pulses was determined by multiplying 
the frequency of the pulse waveform by the amount of time it 
was applied to the device. The source was applied for a set 
amount of time and then an Ohmmeter was used to measure 
the resistance across the device as the signal was turned off. 
This resistance was then compared to the resistance of the 
device before the source was applied to obtain the total 
resistance drop. This data supports the ultimate goal of 
having a memristor device model brain function, as the 
resistance is reduced with the application of pulse 
waveforms. 
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Fig. 10. Test results showing the resistance drop across the memristor as a 
function of the number of voltage pulses applied to the device. 

V. CONCLUSION 

The data collected from the tests conducted show that the 
fabricated devices display a clear hysteresis loop 
characteristic of memristors. The devices are only 
conductive when the voltage applied is positive. When 
multiple voltage loops were applied in succession, the 
hysteresis loops started degrade after an initial increase in 
size. The UDMEM8 device was tested most successfully, 
and shows higher conduction when positively biased. For a 
device to be considered a memristor, a 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 
o intersection, with a clear hysteresis loop. Furthermore, the 
resistance of the UDMEM2 device was successfully lowered 
with the application of voltage pulses, showing promise for 
the device when modeling neural functions. 

In the future, more tests will be done to determine the 
uniformity of the wafers that have been fabricated. Several 
devices on each wafer have been tested and have shown 
differences when comparing the size of hysteresis and 
conductivity. Current and voltage data will be collected from 
many devices on the wafer, and the differences will be 
quantified. Dr. Stanley Williams described the HP memristor 
as having a total titanium oxide thickness of 3-30nm. The 
memristors fabricated at the University of Dayton had 
significantly thicker TiOz layers (100-670nm). More devices 
will be fabricated while systematically reducing the thickness 
of the TiOz layers to observe how this changes performance. 
The curves from each device will be compared to see how 
the I-V curve changes with respect to its location on the 
wafer. Also, further tests will be conducted to determine to 
what extent these devices can be used in neuromorphic 
systems. The pulse trains applied to the device will be varied 
in amplitude, pulse width, and frequency to determine what 
limitations the device has. This will reveal how closely the 
memristor devices can model synapses. 

REFERENCES 

[I] L. O. Chua, Leon 0, "Memristor-The Missing Circuit Element," 
IEEE Transactions on Circuit Theory, 18(5): 507-519, September 
1971. 

[2] D. B. Strukov, G. S. Snider, D. R. Stewart, and R. S. Williams, -=Fhe 
missing Memristor found," Nature, 453, 80-83, May 2008. 

[3] R. Williams, -How We Found The Missing Memristor," IEEE 

Spectrum, vol. 45, no. 12, pp. 28-35, 2008. 
[4] O. Kavehei, Y.-S. Kim, A. Iqbal, K. Eshraghian, S. F. AI-Sarawi, and 

D. Abbott, -=Fhe Fourth Element: Insights into the Memristor," 
Communications, Circuit and Systems, 2009. ICCCAS 2009. 
Internation Conference on 23-25 July 2009, pp. 921-927, 2009. 

[5] G. Snider, -Memristors as Synapses in a Neural Computing 
Architecture," Memristor and Memristive Systems Symposium, 2008. 
http://webcast.berkeley.edu/event details.php?seriesid=c704afO 15e80 
-4616-8aOb-89403bce922a 


