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Abstract: The AgTCNQ thin-film was prepared by vacuum vapor co-deposition and characterized by infrared spectral

analysis,and then a uniform AgTCNQ (TCNQ=7,7,8,8-tetracyanoquinodimethane) thin-film layer was sandwiched in a

Ti/AgTCNQ/Au crossbar structure array as organic bistable devices (OBD) . A reversible and reproducible memory switc-

hing property,caused by intermolecular charge transfer (CT) in the AgTCNQ thin-film.was observed in the organic bista-

ble devices. The positive threshold voltage from the high impedance state to the low impedance was about 3. 8~5V, with

the reverse phenomenon occurring at a negative voltage of — 3.5~ —4.4V,lower than that with a CdTCNQ active layer.

The crossbar array of OBDs with AgTCNQ is promising for nonvolatile organic memory applications.
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1 Introduction

The attraction of organic electronics is growing
because of their flexibility, simplicity, low cost, and

the ability to design and tune electronic and structural
1~4]

properties-

devices, including organic light emitting diodes
9]

. There are various organic electronic
[5~8]
b

organic solar cells tran-
Ho=1) “and organic switching devices''* *). The

bistable switching effect is a key property for infor-

, organic field effect
sistors

mation storage and memory. Different kinds of organ-
ic thin-films with electrical bistable switching proper-
ties are widely researched for potential applications in
storage and memory,as organic bistable devices. Gen-
erally, there are two methods to use organic bistable
thin-film to store data.One way to achieve this is the
scanning probe microscope (SPM) technique, inclu-
ding a scanning tunneling microscope (STM)"* and
an atomic force microscope ( AFM)"". With the
probe of SPM as an clectrode and the substrate as the
other common electrode, this method can achieve ul-
tra high density in data recording. For example, the
average diameter of the recorded dots on TDMEE (1,
1, 2-tricyano-2-( 4-dimethylaminophenyl ) ethynyle-
thene) thin-film by STM was only 2. 1nm,correspond-
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ing to potential storage density of 10 Tbits/cm?/'%' .

But this technique cannot be used in practical applica-
tions, due to its low efficiency. The other way is a
crossbar, also called an X-Y addressable array'*’. A
crossbar array consists of a layer of organic functional
thin-film between two sets of electrode wires, inclu-
ding N vertical wires crossing over N horizontal
wires,shown in Fig. 1. The simplicity of the crossbar
makes fabrication feasible and inexpensive. A cross-
bar circuit is addressable and integrated with external
circuits and systems. Organic nonvolatile memory and

even logic computing can be achieved by electrical
[20]

configuration of crossbar circuits

Fig.1 Schematic illustration of Ti/AgTCNQ/Au crossbar array
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Crossbar molecular memory has been researched
by HP"“, Infineon*’, ST Microelectronics'*’, and
others. The Langmuir-Blodgett monolayer thin-film
of Rotaxane was used by HP, while self-assembling
monolayer thin-films were proposed by Infineon and
ST Microelectronics. In addition to the monolayer
thin-films mentioned above, various organic thin-films
such as CuTCNQ™" and AIDCN (2-amino-4, 5-imid-
azoledicarbonitrile) were also proposed for crossbar
memory-* .

In this letter,we focus on a charge transfer com-
plex synthesized by vacuum vapor co-deposition. The
infrared spectral analysis on the AgTCNQ thin-film
was studied. Organic bistable devices made up of a Ti/
AgTCNQ/Au sandwich structure were fabricated with
the integrated circuit process, and characterized by
current-voltage measurements. The electrical bistable
switching phenomenon was observed with a positive
threshold voltage of 5V and a reverse bias of —3.5V.
Intermolecular charge transfer induced by electrical
field was employed to explain this bistable behavior.
The organic bistable devices with AgTCNQ thin-film
are promising for organic nonvolatile memory appli-
cations.

2 Experiment

The deposition of AgTCNQ thin-film was a criti-
cal step during device fabrication. A layer of 1nm Ag
was evaporated onto the wafer, with a layer of
14. 6nm TCNQ evaporated subsequently. The deposi-
tion ratio of Ag : TCNQ was 1 : 1 (50atm/mol%).
This process was repeated ten times with vacuum at 1
X 107? Pa,and the total thickness of Ag is 10nm. Af-
ter annealing for 120min at 90C with vacuum at 5 X
1077 Pa,a layer of AgTCNQ thin-film formed, which
was confirmed by ultra violet (UV) and infrared
(IR) spectral analysis. The thin-film had a grain size
of ~100nm,shown as the inset in Fig. 2.

Like most organic functional materials, the thin-
film of the charge transfer complex AgTCNQ was ex-
tremely susceptible to damage in the lithography and
lift-off processes,leading to uncertain electrical prop-
erties. The photo resist, developer, and other organic
solvent,such as acetone and alcohol, would penetrate
or dissolve with AgTCNQ. Therefore, a protective
layer was needed to prevent from contact with organ-
ic solvent in the fabrication of AgTCNQ devices. In
our previous work,a layer of Cr thin-film was chosen

[26]

as the protective layer**'. Here, we chose Ti instead

of Cr as the protective layer for feasible etching. Ti is a
good contact metal for organic functional groups because

there is little penetration of the organic thin-films*"'.

Fig. 2 Images of AgTCNQ thin-film and 8 X 8 array crossbar
devices with AgTCNQ thin-film (a) SEM image of AgTCNQ
thin-film deposited by co-deposition; (b) Optical image of 8 X 8
array crossbar OBDs

The sample was fabricated on 200nm-thick sili-
con nitride deposited by low pressure chemical vapor
deposition (LPCVD) on silicon. The bottom eclec-
trodes were fabricated by photo-lithography, e-beam
evaporation,and lift-off processes. After the photo-li-
thography was carried out on an EVG 620 Aligner
and descum,a 10nm-thick layer of Cr as an adherence
layer and an 80nm-thick layer of Au were deposited
on the wafer by a Johnsen e-beam evaporation sys-
tem. Subsequently,an acetone lift-off process was used
to remove the unpatterned area. The line-width of the
electrodes was 2um, and the space of each line was
4pm, with 8 electrodes in a cell. A layer of AgTCNQ
thin-film was deposited onto the wafer by vacuum co-
deposition,as presented above. A layer of 20nm-thick
Ti was deposited by evaporation to cover the organic
thin-film. On the protective layer, the top electrodes
with 10-nm-thick Cr and 80-nm-thick Au layers were
fabricated through the same process as the bottom
ones. Finally,inductive coupled plasma (ICP) etching
with CHF; and O, at powers of 50W and 400W was
used to remove the Ti layer down to the substrate.
The Ti layer and thin-film under the top eclectrodes
remained. The 8 X 8 crossbar array with AgTCNQ
thin-film is shown in Fig. 2.
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Fig.3 UV spectra of AgTCNQ thin-film with and without an-
nealing and of pure TCNQ thin-film
3052
3 Results and discussion 8
<
The electronic transitions correspond to the red- g
(550~900nm) and blue-band (350 ~550nm) systems =l
of an isolated TCNQ anion radical. They are both po-
. . . . - 2195
larized in the molecular plane™®’ . For comparison.the N
electronic absorption (UV) spectra of AgTCNQ thin- 0 1000 Wavg%%(inber/gr?go 4000
film produced with and without annealing, and pure
TCNQ thin-film are studied and shown in Fig. 3. In ©
the red-band region, the typical absorption maximum
was at 644nm, while this is 374nm in the blue-band re- o
L -
gion. E 1349
Figure 4 shows the IR spectra of AgTCNQ thin- é 861 o3 3052
film produced with and without annealing, and pure s
TCNQ thin-film. In the AgTCNQ thin-films, the C=
N stretching region was characterized by two bands,a
a1 . . -1 P PP RS RS IS S |
main band at 2195cm ' and a shoulder band at 0.95 1600 5000 3000 2000
2162cm™'. The C= C ring stretching region was char- Wave number/cm'
acterized by two bands,a weak absorption band at Fig.4 IR spectra of AgTCNQ thin-film with (a) and without

1579¢m ' and a middle band at 1540cm ™ '. The C=C
wing stretching region was also characterized by two
bands at 1361 and 1322cm '. The peak of C=C—-H
was at 823cm ™' in AgTCNQ thin-film both with and
without annealing. Compared to the spectrum of pure
TCNQ thin-film, the C = C ring stretching mode in
pure TCNQ at 1543 cm™' was split into about 1579
and 1540cm™' in both the AgTCNQ referred to a-
bove. Furthermore, the C = C wing stretching in pure
TCNQ at 1349cm ™! was split into 1361 and 1322¢m ™' .
In addition,the peak of C=C— H in pure TCNQ ben-
ding at 861cm ' was shifted to 823cm ' in AgTCNQ
thin-film. The appearance of the absorption peak at
1540 and 823cm ™' indicated that TCNQ was changed
to TCNQ anion radicals** "' . In contrast to AgTCNQ
thin-film without annealing, the absorption peak at
3052,1543,1349,861cm ™" in AgTCNQ thin-film with
annealing disappeared,showing that TCNQ was com-
pletely changed to TCNQ anion radicals.

We carried out the measurement of electrical
properties on a probe station of CASCADE RF1 with

(b) annealing,and of pure TCNQ thin-film (c¢)

a Keithley 4200 SCS. The typical current-voltage
curve of these crossbar devices with a sequence from
curve 1 to 4 is shown in Fig. 5. The initial state had
high impedance with a resistance of 106W, corre-
sponding to an OFF state. When the voltage applied
was higher than 5V, corresponding to field strength of
about 5X10° V/cm for a 100nm-thick AgTCNQ thin-
film, the resistance of the cross-point was turned
down to 10° Q (ON state) ,shown in curve 1 in Fig. 5.
This low impedance state remained when the voltage
swept from 5 to 0V, showing the memory effect of
this organic bistable device. A reverse switching
turned the cross-point to OFF state with a negative
voltage higher than — 3.5V, corresponding to erasa-
ble memory. Moreover, the positive and negative
threshold voltages for switching in the repeated test
circle were 3.8 and —4.4V, respectively. Figure 5
shows that this OFF state was also stable in curve 4.
The operation voltage of these bistable switches with
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Fig.5 Electrical bistable switching I-V characteristic of Ti/
AgTCNQ/Au OBDs
sequentially. The repeated test showed that the bistable switching

The voltage bias swept from curve 1 to 4,

behaviors were reproducible. The inset shows the mechanism of
electrical bistability of AgTCNQ.

AgTCNQ is much lower than with the CuTCNQ sand-

wich structuret”’

, promising a lower power consump-
tion. We believe that this switching effect was induced
by charge transfer from donor to acceptor,shown in
the inset of Fig. 5. The initial state of AgTCNQ thin-
film has a large resistance. When a voltage higher
than the threshold is applied,the thin-film is changed
into Ag’ and TCNQ" with electrons transfer from TC-
NQ™ to Ag" . This switching is reversible by a reverse
bias.

4 Summary

In conclusion, organic bistable devices with
AgTCNQ thin-film were fabricated and character-
ized. The AgTCNQ charge transfer complex was de-
posited by vacuum vapor co-deposition. UV spectral
and infrared spectral analyses of this organic thin-
film were studied. A reversible,electrical,and bistable
switching effect was observed in the crossbar devices
with an operated voltage no higher than 5V, which is
much lower than the CuTCNQ complex reported by
previous works™*"
vices have the potential to be used in organic memory

applications.

. These crossbar organic bistable de-
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