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Abstract. Thin films and nanowires based on an organometallic material Ag-TCNQ were prepared.
Electrical properties of Ag-TCNQ thin film were investigated at the nanoscale using a scanning
tunneling microscope and electrical memory effect was observed. Nanodevices based on AgTCNQ nanowire were fabricated using electron beam lithography technique. Their I-V
characteristics show similar electrical memory effect as the thin film but with much higher switching
voltage threshold and resistance change ratio. Ag-TCNQ nanowires hold high potential for ultrahigh density information storage and switching devices.

1. INTRODUCTION

2. EXPERIMENT

Organometallic materials such as Cu-tetracyanoquinodimethane (TCNQ) and Ag-TCNQ have unique
electrical properties. Electrical switching and
memory effect have been reported previously [1,2],
and their applications for optical and electrical recording media are proposed [1-5]. To use metalTCNQ as high density electrical memory material,
local electrical properties of material need to be
studied. In our experiments, investigation of the electrical properties of Ag-TCNQ is realized by two
methods: Ag-TCNQ thin films were prepared and
scanning tunneling microscopy (STM) was used to
characterize their electrical properties; and AgTCNQ nanowires were synthesized, contact electrodes were fabricated using electron beam lithography and I-V characteristics were measured. Experiments showed nanometer scaled electrical
switching and memory effect of Ag-TCNQ, which
demonstrated the potential of Ag-TCNQ as a promising material for ultra-high density information storage.

2.1. Ag-TCNQ thin film and nanoscale
electrical properties
Ag-TCNQ thin film was prepared by thermal evaporation. A 10 nm Ag layer was deposited on a glass
substrate coated with Indium Tin Oxide (ITO). Base
pressure for evaporation was 1.5.10-3 Pa and evaporation rate was 0.5 nm/s. Afterwards a 15 nm TCNQ
layer was evaporated onto the Ag thin film at an
evaporation rate of 0.1 nm/s. Sample was then baked
in vacuum for 30 min at 370K to facilitate the following solid reaction [1]:
Ag0 + TCNQ0 ↔ Ag-TCNQ.
During baking, TCNQ residue was thermally evaporated, so the ratio of Ag and TCNQ was 1:1.
Scanning probe microscopes have been widely
used to study local electrical properties of materials
[6-8]. To characterize nanoscale electrical properties of Ag-TCNQ, a home built STM was developed.
A schematic measurement circuit is shown in Fig.
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Fig. 1. Electrical property of Ag-TCNQ thin film characterized by STM. (a) schematic of measurement
circuit (b) I-V characteristic of Ag-TCNQ thin film.

1a. Tunneling current of 0.9 nA was maintained between the STM tip and Ag-TCNQ thin film by electronic feedback system. Later, the feedback was
turned off for 3 ms and a DC sweep voltage was
applied over tip and sample. Fig. 1b shows the corresponding I-V characteristic on thin film after subtracting the voltage drop on the load resistor R.
The I-V hysteresis in Fig. 1b shows electrical
switching and memory effect. Arrows in Fig. 1b indicates the direction of voltage sweep. The threshold Vt for switching is close to 0.16 V. Before Vt
(labeled as segment 1), the Ag-TCNQ thin film is
in high resistance state, RH = 50 MΩ. After Vt (segment 2), the resistance of thin film drops so fast
that the voltage on thin film decreases while current
increases. Trace 3 shows current saturates due to
the limit of the measurement circuit. When voltage
is being swept back to 0 V (segment 4), the resistance of Ag-TCNQ thin film stays in low resistance
state, RL = 500 KΩ, the ratio of RH over RL is 100. In
fact, due to the two point measurements, the contact resistance Rc has not been separated out in
this estimate. Taking a reasonable value for Rc close
to RL, the actual resistance ratio should be larger
than 100. If high resistance state and low resistance
state are used to represent binary states 0 and
1, respectively, Ag-TCNQ thin film could be a candidate for application in information storage.

2.1. Ag-TCNQ nanowire and
nanodevice
One-dimensional (1D) nanostructures, such as
nanotubes and nanowires are triggering more and
more interests for their potential application as the
building blocks for nanoelectronics and optoelec-

tronics [9-12]. Compare with thin film materials,
nanowires have the advantage in creating ultra-high
density devices by using bottom up fabrication techniques [13-15]. Here we report the synthesis of AgTCNQ nanowires and electrical transport measurements of Ag-TCNQ nanowire devices.
Ag-TCNQ nanowires were synthesized following
these procedures. A 10 nm Ag film was deposited
first on a silicon (111) substrate in a thermal evaporator. Base pressure for evaporation was 2.10-3 Pa.
Then the Ag thin film was placed together with 15
mg of 7,7,8,8-TCNQ powder (98%, Aldrich) in a
quartz tube (2.5 cm diameter, 15 cm length). After
pumping down to 2.10-3 Pa, the quartz tube was
molten and sealed to enclose the substrate and
TCNQ. The sealed tube was then placed into a furnace. The temperature was ramped up to 368K in 5
min and kept there for 2 hours. Finally, the sample
was taken out of the quartz tube and baked at 373K
at 2.0.10-3 Pa pressure for 0.5 hour to remove the
TCNQ residue. SEM image (Fig. 2) shows a vertically grown Ag-TCNQ nanowire with a typical diameter around 80 nm.
Synthesized Ag-TCNQ nanowires were then dispersed into isopropyl alcohol (IPA) and dispersed
onto a silicon substrate which had predefined alignment marks. High magnification optical microscope
(Nikon Optiphot EPI, 1500×) was used to locate
the position of nanowires and their coordinates were
calculated with respect to the alignment marks. The
lithography pattern for contact electrodes was then
designed based on the coordinates. The resists for
electron beam lithography (EBL) were spin coated
to the substrate then exposed in an e-beam writer
(Jeol JBX-5D11) with electron energy of 50 keV.
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Fig. 2. SEM images of a single vertical grown AgTCNQ nanowire with diameter ~80 nm.

Exposed resist was developed, and then electrodes
were deposited with Au (110 nm) on top of Ti adhesive layer (20 nm) using e-beam evaporator. Finally,
lift-off was done in acetone.
A SEM image of a device is shown in Fig. 3a.
The current-voltage characteristics of Ag-TCNQ
nanowire were obtained as shown in Fig. 3b. A 22
MΩ load resistor (R) was placed in series with the
sample to protect it from current burst. A schematic
of measurement circuit is presented in the inset of
Fig. 3b.
I-V curves were obtained by sweeping up and
down a DC voltage applied between electrodes A
and B as labeled in Fig. 3a, the voltage ranges from
0 V to 8 V. Fig. 3b shows the reproducible I-V characteristic of Ag-TCNQ nanowire. I-V hysteresis loop
demonstrates electrical switching and memory effect. Electrical switching indicates transition from a
high resistance state to a low resistance state. The
threshold voltage for the resistance switching is 7.5
V as shown in Fig. 3b. Since the length of the AgTCNQ nanowire between electrodes A and B is 1µm,
threshold electric field is on the order of 106 V/m. In
the high resistance state, the resistance of nanowire
is around 1000 GΩ (1012 Ω), while it drops to 50 MΩ
in the low resistance state. The resistance changes
(on-off ratio) by four orders of magnitude, which is
much higher than the thin film result mentioned before. If taking into account the voltage drop on the
20 MΩ load resistor, the actual on-off ratio of switching for the nanowire should be higher.

Fig. 3. Nanodevice based on Ag-TCNQ nanowire:
(a) SEM image of a Ag-TCNQ nanodevice, electrode
A and B are connected to the measurement circuit
(b) I-V hysteresis characteristic of nanodevice shows
electrical switching and memory effect. The inset
plot shows a schematic of the circuit.

I-V characteristics on the nanowire device also
demonstrate electrical memory effect. As shown in
Fig. 3b, the resistance of nanowire is kept in low
resistance state when voltage is being swept back
to 0 V. Similar to the discussion on Ag-TCNQ thin
film, if high resistance state and low resistance state
represent binary states 0 and 1, Ag-TCNQ
nanowires can be used as an organic electrical
memory material due to the large resistance change
between the two states. If Ag-TCNQ nanowires are
synthesized in precise orientation and integration,
nanodevices array based on Ag-TCNQ nanowires
can achieve as high as 1010 bits/cm2 in information
storage.
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3. DISCUSSION AND CONCLUSION
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