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We demonstrate the operation of an organic switching device using a uniform poly-crystalline Cu:7,
7, 8, 8-TetracyanoquinodimethaflECNQ) charge transfefCT)-complex thin film that is prepared

by vacuum vapor codeposition. Characteristic CT-absorption=800—1200 nm was observed in

the complex film in the UV-visible spectrum and the cyano stretching peak in the IR spectrum
shifted to a highefmore than 29 cm') wave number than that of a pristine TCNQ film, suggesting
the formation of a CT-complex in the evaporated thin film. Reproducible electrical switching
characteristics were observed in the indium tin oxide/Al}@y)/Cu:TCNQ/AI structure. The
device exhibited a clear threshold from low impedance to high impedance at an applied voltage of
10.0£2.0 V and a reverse phenomenon at a negative bias@5+2.0 V. In this study, we
demonstrate that a thin 4D; layer between the aluminugl) anode and Cu:TCNQ layers creates
reproducible switching. €2003 American Institute of Physic§DOI: 10.1063/1.1600848

There has been a growing interest in organic electroni@llows precise control of Cu and TCNQ contents. In this
devices such as organic light emitting diod€_EDs),* or- letter, we report on the reproducible switching characteristics
ganic solar celld,organic transistorand organic switching of a Cu:TCNQ codeposited film.
device§*3due to the unique electrical and optical properties ~ Organic and metal layers were deposited by high-
of organic materials. Recently OLEDs, in particular, havevacuum (1x10 3 Pa) thermal evaporation onto a clean
demonstrated significant improvements that have providedlass substrate pre-coated with an indium tin ox{tieO)
highly efficient full-color-display applications. The introduc- layer (300 nm thick with a sheet resistance of20 Q/C1.
tion of thin film transistorgTFT9) is indispensable and high The substrate was degreased with solvents and cleaned in a
performance organic TFTs have been anticipated for the addV-ozone chambe(Nippon Laser & Electronics Lab., NL-
tive matrix driving of OLED displays. In this letter, we focus UV253). First, a 20-nm-thick Al layer was thermally depos-
on a switching phenomenon wusing a Cu:7,7,8,8+ted on an ITO coated glass substrate and successively trans-
Tetracyanoquinodimethan€TCNQ) charge transfer(CT)  ferred into an UV-o0zone chambér2 min, G, 1 atm to form
complex, which will be useful for organic TFT applications. a thin ALO; on an Al layer. We found that this procedure to

Observation of switching phenomena by a Cu:TCNQ CTform the thin ALO5 layer was crucial to obtain reproducible
complex was first reported by Potemteral*~" CuTCNQ  switching characteristics. Next, a 100-nm-thick Cu:TCNQ
CT-complex films with a grain size of a few micrometers |ayer was deposited via thermal codeposition onto the
were formed with a solution growth method on a precleaned|,0,/Al/ITO layer. Finally, a shadow mask with 1 mm di-

Cu substrate that was dipped into a solution of degassegimeter openings was used to define the cathode consisting
acetone: acetonitrilél:1) saturated with TCNQ.CU.TCNQ  of a 100-nm-thick Al layer, and then the ITO/Al/
films that were~10 oum thick were formed with this method (A|203)/CuTCNQ/A| device structure was Comp|eted' Here,
having a poly-crystalline morphology on a Cu substrate anqye stress that when we fabricate the devices without break-
their switching characteristics were first reported with aing vacuum, it was very hard to obtain reproducible switch-
sandwiched structure of Cu/Cu:TCNQ/Al. However, MOSting effect, suggesting formation of a thin /s layer is re-
devices have a serious problem with homogeneity in th&ponsible for the switching effect. We fabricated an 1TO/
Cu:TCNQ films, leading to a lack of reproducibility in de- aj,0,/Cu: TCNQ/AI device in a similar manner where a thin
vice characteristics. To solve these problems, we fabricated A1,0, layer was directly deposited on an ITO substrate by rf
Cu:TCNQ switching device by vacuum codeposition WhiChsputtering(lOO W, ~2.4x 10! Pa. In these devices, vari-
ous deposition ratios of Cu:TCNQ, namely, 0@ atm/
dElectronic mail: c-adachi@photon.chitose.ac.jp mol %), 1:2 (33 atm/mol %, 1:1 (50 atm/mol %, 3:2 (60
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FIG. 1. AFM photomicrographs of Cu:TCNQ laygs00 nm) on aluminum
(Al) layer with Cu:TCNQ ratios ofa) 1:1, (c) 0:1, and(d) 1:2. Deposited
aluminum layer on indium tin oxide layéb) is also shown for reference.

atm/mol %, 2:1 (66 atm/mol% and 4:1 (80 atm/mol %
were employed.
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FIG. 3. J-V characteristics of an ITO(300 nm/Al (20 nm/
(Al,03)/Cu:TCNQ(1:1, 100 nn¥Al (100 nm device.(Insey J—V charac-
teristics of an ITO(300 nm/Cu:TCNQ(1:1, 100 nnyAl (100 nn) device.

layer, resulted in a uniform dense poly-crystalline Cu:TCNQ
layer. At Cu:TCNQ deposition ratios of 0:1 and 1:2, how-
ever, large uneven poly-crystalline textures with a character-
istic grain size of~2 um were observed, resulting in failure
to deposit a uniform metallic cathode electrode. Conse-

Current density J)—voltage ) characteristics were quently, we employed a Cu:TCNQ ratio of 1:1 to fabricate
measured using an HP4145 semiconductor parameter an#€ devices.

lyzer. BeforeJ-V measurement, aging operation was per-

The absorption spectrum of Cu:TCNQ codeposited films

formed. We first applied a cyclic triangular voltage with a confirms the formation of a CT complex. Figure 2 summa-

minimum voltage ofV,;;,=0 V and a maximum voltage of

rizes the absorption spectra for pristine TCNQ and

Vima=1 V with a frequency of 1 Hz for a few minutes and Cu:TCNQ (1:2, 1:1, 3:2, 2:1, and 4)1deposited films. A
then increaseW,,,from 1 to 8 V in turn. The devices settled characteristic CT band was observed at 600—1200 nm, while
in high impedance mode during this. Aging is indispensablehere was no significant absorption in the pristine TCNQ
to induce switching characteristics and all devices undergéilm. There was also a cyano stretching pg@R00-2160

this.

cm™ 1) for the complex filmgCu:TCNQ=1:2, 1:1, and 3:2

We first investigated the film quality of Cu:TCNQ code- in the IR spectra and this shifted to a higl{erore than 29
posited films on ITO/Al substrates. Atomic force microscopycm™1) wave number than that for the pristine TCNZR26
(AFM) revealed a uniform poly-crystalline texture at acm™!) (inset of Fig. 2. In the Cu:TCNQ with deposition

Cu:TCNQ deposition ratio of 1:1Fig. 1). The film had a
grain size of~50 nm and a depth profile 620 nm, which

coincided well with the surface structure of the underlying Al
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FIG. 2. Absorption spectra and infrared spedirese of Cu:TCNQ CT-

complex thin films with various Cu:TCNQ ratios of Cu:TCN@tom:mo)
=0:1 (W), 1:2(0O), 1:1(A), 3:2(V), 2:1 (), and 4:1(5%).

ratios of 2:1 and 4:1, additional vibration at 2129 cthwas
also observed in addition to absorption at 2200 ém

Figure 3 reveals characteristic electrical switching of an
ITO/AI/Cu:TCNQ/AI device. The device has a clear thresh-
old from low impedance to high impedance at an applied
voltage of 10.@:2.0 V and a reverse phenomenon at a nega-
tive bias of —9.5£2.0 V, when we progressively apply a
voltage as indicated by the circled numbers. This character-
istic switching phenomenon was observed more than 1000
times. However, we observed no switching effect in the ITO/
Cu:TCNQ/AI device, suggesting that the Al layer plays an
important role in switchinginset of Fig. 3.

Figure 4 has the switching characteristics of Cu:TCNQ
devices with various Cu:TCNQ ratios. We observed the
switching effect only with Cu:TCNQ concentrations of 1:2,
1:1, and 3:2 and no switching effect with concentrations of
0:1, 2:1, and 4:1. In particular, the Cu:TCN@:1) thin film
resulted in the largest ON/OFF ratio 6f10° at 5.0 V. In the
case of high Cu concentrations, on the other hand, Cu atoms
presumably formed a conductive channel in the complex
films, leading to the lack of a switching effect. Also, the lack
of switching characteristics in the TCNQ neat layer suggests
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FIG. 4. J-V characteristics of ITO (300 nm/Al (20 nm)/ FIG. 5. J-V characteristics of ITO (300 nm/Al (20 nm/
(Al,O5)/Cu:TCNQ (1:1, 100 nmVAl (100 nm devices with various  (Al;03)/Cu:TCNQ (1:1, X nm)/Al (100 nm devices depending on the
Cu:TCNQ ratios; Cu:TCN&0:1 (W), 1:2 (O), 1:1(A), 3:2(V), 2:1(0), Cu:TCNQ thickness; i.e., 5@J), 100(O), 200(A), and 300 nm(V).
and 4:1().

enon from neutral TCNQ into charge transfer Cu:TCNQ
that charge transfer between Cu and TCNQ is also resporwould occur with the application of a reverse bias-69.5
sible for switching. +2.0 V. Further researches into understanding the switching

To understand the switching mechanisms, we investimechanism are currently in progress.
gated the switching characteristics depending on thickness of In summary, we demonstrated that it was possible to
the Cu:TCNQ layer and the anode electrodes. Here, we fixefbrm uniform Cu:TCNQ CT-complex thin films by vacuum
Cu:TCNQ ratio at 1:1 because it had the best switching chareodeposition. A device with an ITO/AI/Cu:TCNQ/AI con-
acteristics. Interestingly, the switching characteristics werdiguration with Cu:TCNQ(1:1) thin film demonstrated repro-
almost independent of the Cu:TCNQ thicknéBgy. 5), sug-  ducible switching characteristics with a large ON/OFF ratio
gesting that switching is basically an interfacial phenomenorf ~10*. We demonstrated that the interface of the Al anode
between the electrode and the Cu:TCNQ layer. The anodand Cu:TCNQ layers is mainly responsible for high electric
materials are also crucial in switching. Here, instead of an Afield due to the presence of a thin,&l; layer, leading to
anode, we employed a device structure of ITO/electrical switching. Both the formations of uniform
Al,O3/Cu:TCNQ1:1)/Al where the AbO; layer was formed  Cu:TCNQ and the thin AlO; layers contribute to occurrence
by rf sputtering to confirm its effect. This was because weof the switching effect.
found that it was necessary to form a thin,®% layer This work was supported by Integrated Industry Aca-
through UV-ozone treatment to obtain reproducible switch-demia PartnershifdlAP) projects from Kyoto University In-
ing characteristics. At AlO; thicknesses of 0, 1.0, 5.0, 7.5, ternational Innovation Center and the Grant-in-Aid for Sci-
8.8, and 10.0 nm, we observed switching effects with 1.0entific Research of the Ministry of Education, Science and
5.0, 7.5, 8.8, and 10.0-nm-thick AD; layers, and a maxi- Sports in Japan for financial support of this research.
mum ON/OFF ratio of~10* with the 7.5-nm-thick AJO
layer. We did not observe any switching effects without an :organic Light Emitting Devicesedited by J. ShinatSpringer, Berlin,
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