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ABSTRACT

The electrical conduction of 1-2,000 8 thick polyethylene films
could be increased after electroforming processes. There was an intermediate
range over which the sandwich could be switched reversibly from a lower to
a higher conduction. This conduction was restricted to very localized
regions and led to destruction of the system at inputs above 10~4 W. The
breakdown resistance of the residual part was not, however, reduced.

KIVONAT

Az 1000-2000 8 vastagsagu polietilén filmek elektromos vezetése
elektroformalassal megnévelhetd. Létezik olyan &atmeneti tartomany, amelyben
a szendvics reverzibilisen atkapcsolni képes kis és nagy vezetésl allapotai
ko6zott. Ez a vezetés igen Kis keresztmetszetre korlatozédik, és 10-4 W tel-
jesitmény felett a rendszer roncsolddasat okozza. A sértetlen maradé ke-
resztmetszet-rész atutési ellendllasa mindazonaltal megkimélodik.

PE3HME

nekTpuyeckas NPOBOAMMOCTb MOANITUIEHOBLIX NNEHOK TosiuuHod 1000-
2000 a MOXeT ObTb YBeNu4yeHa MyTem 3NEKTPUYECKOro (HOPMUPQBAHUSA. Cy%eCTByeT
nepexofHui Ananas3of, B KOTOPOM CaHABWY (An-nojuaTuneH-Ar) mMoxeT 06patuio
nepeknipyaTb Mexay COCTOAHWAMW HU3KOW U BLICOKOW NPOBOAMMOCTW. 3Ta NPOBOAM-
MOCTb OrpaHM4yMBaeTCA Ha BeCcbMa Manoe CeyeHne 1 Npu 3HAYEHUAX MOWHOCTU, npe~
Bolwakumx 107, Bbi3bBAET paspyweHne cuctemsi. ConpOTUBIEHME NpobOs 4acTh ce-
YeHUd, KOTOpasd He NOLBepraeTcsd paspylleHuio, Tem He MeHee YyuefeeT.



INTRODUCTION

Since the discovery of switching and memory effects in inorganic
amorphous semiconductors by Oyshinsky [I] extensive studies® have been carried
out to establish what are the basic processes taking place in the phenomenon.
Yet there still remains some controversy over whether the switching is initiat-
ed by electronic and/or thermal processes £5]. The present work aiming to
observe switching in thin polyethylene films, was prompted by earlier
reports of memory effects in thin amorphous tetracene Tfilms and of a nega-
tive differential resistance in the I-V characteristics of semiconducting
polymers J9 . This paper is a preliminary account of the results obtained so
far from studies of the electrical properties of polyethylene films and the
modifications that can be induced in them by gamma irradiation.

EXPERIMENTAL

Thin-film Au-polyethylene-Al sandwiches were prepared by vacuum
evaporation on to 25x75 mm glass substrates /microscope slides/ previously
washed with detergent and cleaned in an ultrasonic bath. First, two 1 mm
wide gold strips, symmetrically spaced 1 mm apart about the longitudinal axis
of the glass slide, were deposited from a molybdenum boat at 2x10 5 torr, to
thickness of 1-2,000 8. These were then covered with a 6 mm wide polyethylene
film, and finally 1 and 2 mm wide aluminium electrodes were deposited from
a tantalum boat /using an appropriate mask/, again to a thickness of 1-2,000 8.

This sequence of deposition prevented the formation on the electrodes
of intermediate oxide layers which might affect the conduction properties
under investigation. Studies by capacitor manufacturers have established that
polyethylene can be evaporated quite well at 280-400°C. The more volatile,
low molecular weight components evaporate during the early stages of heating,
but above 350°C the melt begins to sputter droplets on to the substrate which
form a film polymerizing more readily, and having properties more like those
of the bulk material, than the film produced from the initial volatile frac-

tions .



The thickness of the polymer layer was estimated from the capacity
of the sandwich measured at 1000 Hz dielectric constant of e = 2 for the
polyethylene film, the measured capacity of 80-90 pF per mm2 around 2000 8.

The samples were investigated in a closed chamber evacuated to about
3x10 ~ torr in order to avoid disturbing effects of the atmosphere. Current vs
applied voltage characteristics were measured at room temperature with the
circuit depicted in Fig.l. Here R and C denote the resistance and capacitance
of the sample; Rm is the measuring resistor needed for the determination of
the current passing through the sample, usually much smaller than R. The
voltage at point X is thus about the same as that applied to the sample /with
correction where necessary/.

To measure currents below 10_0 A the output at point Y was fed to an
electrometer and thence to a X-Y recorder, but for measurements of higher
currents points X and Y could be plugged directly to the recorder or an
oscilloscope. Potentiometer P of 20 kOhm impedance was replaced by a 400 Ohm
potmeter if resistance R became low. Capacitor CQ = 50 yF served for damping
voltage surges caused by screwing the potmeter when sample resistance was
high /time constant ~1 second/, in order to avoid the disturbing effects of
sudden voltage changes on the differentiating circuit formed by capacitor C
and R , which is of relatively high resistance at the initial stage.

As oxide and organic amorphous semiconductor sandwiches with Al and
Au electrode pairs generally exhibit a negative differential resistance /i.e.
memory-switching behaviour/ only if a positive bias is applied to the Au plate,
this was the case studied most thoroughly, though checks were also made of the

behaviour under reverse bias.

Sandwiches could be considered as remaining intact as long as the
current passed through the polyethylene film did not exceed 10 ™~ A. Relatively
high bias voltages of about 300 mV /Au positive/ were observed at the elec-
trode terminals with impedances above 1012 Ohm. Leakage resistance due to
conduction between the electrodes on the glass surface was about the same or-
der.. of magnitude.

RESULTS

Polyethylene films about 2,000 8 thick generally displayed a resist-
ance of 2x1012 Ohm at applied voltages of a few volts, though a few samples
had resistances ranging from 20 MOhm down to as low as 170 Ohm already on the
first measurement. If the Au electrodes were positively biased, the first
breakdown usually occured at 8-25 V. Assuming uniform polymer thickness
throughout the sandwiched layer and flawless electrode surfaces, the average
breakdown field can be estimated from this to be 4x107M-10" V/cm.



Up to breakdown there was little variation in resistance of the
sample with applied voltage.
100 to 1000 fold gain in current occurring at breakdown changed the electrical
conduction of the sample only if the current was sustained long enough
/several tens of seconds/ or if the procedure was repeated a number of times.
Otherwise, the characteristic measured after breakdown hardly differs from
the pre-breakdown trend.

3—104 Ohm/ measuring resistors,

The use of relatively low /e.g. 10
with the intention of facilitating the build up of fairly large currents of
mA order, did not help, since in this case the rapid current surge could not
be stabilized but instead destroyed the conducting state. The most effective
means of obtainin% systems of lower resistivity was, in fact, to restrict the
current with a 10 Ohm protective resistor. Nevertheless, even after the first
durable breakthrough the resistivity of the sandwich did not remain partic-
ularly low once the applied voltage was removed. A second voltage run produced
an exponentially increasing conduction with the voltage dependence of the
resistance following the form R/u/ = 10n e au /n = 8.5-10.5; u = U/U” :
d = 5.4/ as can be seen in Fig.2. This run was characterized by very
considerable local fluctuations, sometimes as much as 100 %. The second
breakdown with a 10 Ohm protective /and measuring/ resistor occurred at the
same or a lower applied voltage as the first. The resistance of the conduct-
ing system could be lowered to the same order of magnitude as well. Continue-
ing the procedure with, say, lO4 Ohm it was eventually possible to lower
sample resistance to a few hundred Ohm with a measuring resistor of 100 Ohm.

The above sequence of operations is further evidence for the thermal
character of the switching, since it shows that above a certain point of
instability the conduction increases stepwise with applied power density. Up
to this point the curves are slightly superlinear and can be reset to O
without hysteresis.

It seems obvious that with the onset of instability the conductive
regions formed as a result of warming, Au diffusion and other factors grow
either in extent or in degree of contamination or both. The relationship
between the average power and the resistance in this region of forming process
can be seen in Fig.3. Entering the lower limit /dotted line/ the characteris-
tics show hysteresis. The upper line connects the points where sudden changes
in resistance occur. The two lines coincide in the region of small resistances.

The degree of degeneration of the initially well insulating polyet-
hylene film is well documented by the fact that under an applied voltage of
1-2 V the sandwich is capable of transducing currents as high as 10 mA. The
maximum observed power at which the conducting state did not deteriorate was
3.5x10 jJjoule/sec.



With a 20 V pulse of 2x10 ~ second duration taken from a pulse
generator having an output impedance of 100 Ohm the sample could be switched
back to the pre-breakdown state or the state directly after that, with a
resistance in excess of 10 Ohm.

The single small hole visible to the naked eye that was left behind
on the Au-polyethylene-Al structure when the switching cycle was completed
proves that conduction must have been restricted to a tiny area and that it
was ended because of evaporation of the material. When the sample had reached
its megohmic oscilloscope trace state it could be controlled by triangular
pulses to produce a characteristic with a negative differential resistance
differing only in detail from that obtained with sandwiched aluminium oxide
[4) and tetracene [2] thin layers.

1000 8 and thinner polymer films broke down easily in such a manner
that the Au and Al films of the sandwich adhere to each other and hence® the
resistance was limited only by that of the metallic electrodes. If striking
extended over the entire 1 mm2 area covered by the crossed electrodes the
structure would not function any more. This occurred especially easily with
19 evem™3/. The resist
3_10% ohm. This

could be increased up to 20-25 megohm by applying 5-6 V pulses but attempts

samples pre-exposed to substantial gamma-ray doses /4x10
ance of these samples, even before breakdown, was as low as 10

to produce low-resistance states usually finished up with the creation of 15-
20 Ohm short circuits.

Essentially different behaviour was observed when a negative bias
was applied to the Au Ffilm. In this case the polyethylene could not be brought
into a durably conducting state. Higher currents flowed only when the applied
voltage was raised; on switching to lower voltages the conduction was the same
as that while the applied voltage was being increased. The breakdown voltage
was variable and the pre-breakdown I-V characteristic was also quite different
Some samples, for instance, were observed to break down at 80 V while others
at 6-7 V, though the thickness was in both cases around 2000 8.

The current vs voltage characteristic is depicted in the Fig.4.
Though the field strength and the current reached much higher values in this
case, still the irreversible forming of samples did not appear and there was
no lasting increased conduction. On the other hand, samples previously broken
down and formed with positively biased Au electrode exhibited the same behav-
iour with negative Au as the other ones after similar treatment with positive

Au /see Fig.2.1.



REFERENCES

[n S_.R. Ovshinsky, Phys. Rev. Lett. 21™ 1450 /1968/

[21 J.Kevorkian, M.M. Labes, D.C. Larson and D.C. Wu, Disc. Faraday Soc.
51, 139 /1971/

31 Y.M. Faushkin, T.P. Vishnyakova, A.F. Lunin, S.A. Nizova, Organic
Polymer Semiconductors, Moscow, 1971

[4] T.W. Hickmott, J. Appl. Phys., 2/b, 1885 /1965/

bl N. Klein, Thin Solid Films 7, 149 /1971/



Fig-3

FIGURE LEGENDS

Sketch of the circuit for the measurement of |-V characteristics

Voltage dependence of the impedance of a 2000 8 thick polyethylene
sandwich with positively biased Au electrode

Correlation between forming energy and resistance of the Au-
polyethylene-Al sandwich

Voltage dependence of current in a polyethylene film with negatively
biased Au electrode /d = 2000 8/
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