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ABSTRACT

Threshold switching between two impedance states have been observed at room tem-

perature in a polymethylmethacrylate (PMMA) thin film sandwiched between two evap-

orated Al-metal electrodes. The cell's I-V characteristics were found to exhibit memory

property.
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1. Introduction

Memory and threshold switching phenomena in several organic compounds have recently

generated great interest because of their industrial applications especially in the field of

microelectronics (e.g., computers). As such, many scientists have investigated their electrical,

magnetic and, thermal properties under switching condition. For example, Szymaski [1] and his

group have reported memory switching in evaporated thin tetracene film, and found that the

ohmic relation in the low impedance state is caused by space charge between the conductors.

Sakai [2] and his group in Japan have also observed this phenomena in polystyrene and other

polymeric thin films. Many other researchers have done the same work on various polymer

materials [3,4,5,6,7,8]. Despite this, the search is still on for better organic materials which can

exhibit semiconductor characteristics comparable to those of Si, Ge, GaAs etc. whose physics

and fabrication technology are currently well understood.

In recent years, research have shown that, guiding light with polymers instead of glass offers

economy and flexibility - and a much smaller performance penalty compared to the existing

waveguide materials. Transmission losses in multi-mode and single-mode polymer waveguides

have decreased rapidly in the last five years. This hard-won achievement has led to growing

interest in the application of polymer waveguide circuits to telecommunications, data

communications, and optical interconnects within computers at the backplane and multi-module

levels [9]. This if combined with its switching memory properties, can lead into entire systems

(ICs) being fabricated from the polymer materials in the near future.

2. Experimental

Polymer film of PMMA was prepared from a solution of benzene on to a Al-metal electrode

which had previously been coated by vacuum evaporation on to a glass plate. Since benzene is

a volatile liquid, by simply exposing the solvent in air (fume chamber), the benzene solution will

evaporate leaving behind a thin layer of PMMA material coated on the Al-electrode. After the
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PMMA had been slowly coated to a predetermine thickness (the thickness depends on the time

of exposure, for this paper a thickness of 1 micron was used), another Al-metal electrode was

evaporated through a mask on the top of the polymer film. On each glass plate (substrate), a

number of cells (see Fig. 1) can be prepared. Three sets of masks were employed, one pair of

masks with electrode surface areas of 1 and 2 cm^, respectively, and a third mask having a

surface area of 3.2x10"' cm2 was used to fabricate 50 cells, which were later used for the

switching test. The cells are then used for switching measurements. The thickness of the film

(polymer) can be determined by capacitance measurements [10]. The accuracy of such

thickness measurement was within ±10%.

The electrical conductivity measurements of the system was then carried out in an enclosed

chamber but not evacuated. Fig. 2 shows the circuit used for the static I-V measurements. The

voltage and current measurements were made using Keithley (model No. 619C) electrometer

and a picometer, respectively in conjunction with a high stability power supply (V.G.

Electronics model No. M5K2). A variable resistance Rs between 100KQ and 100MQ was

connected in series with DTU for pulse measurements, for our experiment Rs was set at

150KQ.

3. Results analysis and discussion

Typical switching characteristics are as shown in Fig. 3 using the circuit of Fig. 2 with contact

switch set at A. Curve AB shows the OFF-state (i.e., high resistance) which implies low

conductivity region and CD as the ON-state (i.e., low resistance) or high conductivity region.

The voltage which when reached, the system switches (changes) from OFF- to ON-state is

called the threshold voltage, Vm . For this experiment V m was found to be of the order of 1

volt, while the OFF- and ON-states resistance vary considerable, but are between 1010 H and

104 £2, respectively for both sets of characteristics (Fig. 3), which is the same order of

magnitude reported by Segui et al. [8] working with polystyrene films. The resistance of the



on/off-states were also measured directly by a ESI measurement bridge with a precision of 10"5

The current crossing the structure was found to be independent of the surface area of the

electrodes, other researchers have also reported similar findings [6,7,8], (This switching time is

in microsecond in case of memory switching.) The ON-state gradually changes to OFF-state

with time as per Fig. 3b, but never returns to OFF-state completely even after several days.

However, when the sample was heated to 370°C or a voltage pulse is applied, the OFF-state

was completely recovered (The dynamic test was conducted with contact switch set at B, with

input output of Fig. 2 being modified appropriately.) Various interpretation of the OFF-ON

state can be attributed to various causes: 1) Transition from an amorphous state to more long-

range ordered state (i.e., low to high conduction state), but this has been ruled out by

experimental facts [8]; 2) electronic transition [2] (e.g., overlapping of the .tails of the

conduction and valence band), but this could also lead to unstable conduction in the absence of

polarization; 3) Chain ends which acts as sort of trapping sites [1] and; 4) The formation of a

metal-bridge between the electrodes, see Fig. 4. This formation could be due to local thermal

effect and melting of the metal which could diffuse through the polymer films. But this was

also ruled out when tungsten was used as electrodes, it has a melting point of 3410°C [8], and

hence, it is believed it cannot be diffused through a polymer and create a metal bridge between

the electrodes.

The switching in this type of device is believed to be via the build-up of space charge across the

metal-electrodes. There is experimental evidence to this effect, that carriers are produced only

on the surfaces or at electrodes by excitation waves (or "excitons") generated at the point of

photon absorption [11]. Tetracene [12] thin films sandwiched between two evaporated metal

electrodes show rectification and photovoltaic effects, also photoconductivity [13-15]. Dark

conductivity of the tetracene have also been reported [16-18].



The switching with memory behaviour in thin film PMMA may be also explained on the basis of

the formation of high field domains (or an accumulation layer due to dipole formation) as

suggested by Sze [19]. The electric field inside the PMMA will not be uniform because of the

improper charge distribution in AI-PMMA-A1 sandwich structures. There will be high and low

field regions in PMMA which do not appear to shift with the reversal of the polarity of the

field. The higher electric field region will have high resistance and consequently less current

flow through it. The formation of high field regions results in elongation of low field regions till

the interface separating the high and low field regions lies on the same potential and is

perpendicular to the current flow direction. The interface known as the accumulation layer (or

formation of dipole layer) is responsible in switching the system from the low conducting (OFF-

state) to the high conducting (ON-state). The system will gradually change to OFF-state or can

suddenly be turned-OFF by removing the stored charge. Damages on some surfaces of thin

electrode have been observed to accompany switching. These damages may be due to thermal

effect or emission of hydrogen gas during the switching. This leads to rupture of the

unsupported surface [1]. These damages have been proved to be a consequences of switching

and not the cause [8].

4. Conclusion

In conclusion, we can say that lowering the temperature is expected to enhance the electronic

effects which may be present in the sample, and also avoid the system's voluntary reverting to

OFF-state. The work could be extended to include solar devices (i.e., solar cells from polymer

materials). Less comforting is the equally important conclusion that in order to observe the

basic properties of organic crystals, purification techniques as extensive as those applied to

inorganic material must be undertaken. Further, work should be extended to study: i) on/off-

states, followed by optical and scanning electron microscopy examination, to find if there is any

structural changes or damages to the electrode; ii) threshold-thickness characteristics, to

predict the optimum size for the system applicability. We can also conclude that electronic



components fabricated from conducting polymers (as opposed to relatively expensive inorganic

semiconductor materials) would be potentially cheap, lightweight and expandable, with the

mechanical advantages of plastics.
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Fig.l Shows Al-PMMA-Al sandwich thin film structure
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Supply

F i n e v o l t a g e
c o n t r o l h e l i p o t

Fig. 2 Shows the circuit and the device under test (DUT)
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Fig. 4 Shows switched ruptured cell with the formation of
a metal-bridge between the electrodes [8].
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