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Organic bistable light-emitting devices
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An organic bistable device, with a unique trilayer structure consisting of organic/metal/organic
sandwiched between two outmost metal electrodes, has been invented.@Y. Yang, L. P. Ma, and J.
Liu, U.S. Patent Pending, U.S. 01/17206~2001!#. When the device is biased with voltages beyond
a critical value~for example 3 V!, the device suddenly switches from a high-impedance state to a
low-impedance state, with a difference in injection current of more than 6 orders of magnitude.
When the device is switched to the low-impedance state, it remains in that state even when the
power is off.~This is called ‘‘nonvolatile’’ phenomenon in memory devices.! The high-impedance
state can be recovered by applying a reverse bias; therefore, this bistable device is ideal for memory
applications. In order to increase the data read-out rate of this type of memory device, a regular
polymer light-emitting diode has been integrated with the organic bistable device, such that it can
be read out optically. These features make the organic bistable light-emitting device a promising
candidate for several applications, such as digital memories, opto-electronic books, and recordable
papers. ©2002 American Institute of Physics.@DOI: 10.1063/1.1436274#
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Organic electronics has attracted much attention du
the distinctive advantages of organic materials, such as
cost processing,1 lightweight, mechanical flexibility, etc
Several types of electronic and optoelectronic devices, s
as diodes, sensors, and light-emitting diodes, have b
made using organic materials for the active medium.2–4

However, despite impressive progress in organic electron
there is still a lack of progress in organic electronic memo
Modern digital memory is usually achieved by either elec
cal, or optical, or magnetic bistable states. The organic e
trical bistable device, which usually shows a transition fro
a high-impedance state to a low-impedance state unde
electrical field, have been studied for more than 30 years5–9

However, high performance and reliable organic memory
vices have not yet emerged, particularly because most
ganic bistable phenomena to date result from the forma
of a conducting filament or an electrical breakdown, wh
has limited these devices from many applications.

Recently, we reported on an organic electrical bista
device~OBD! having a thin metal layer embedded within th
organic material, which is the active medium.10 The perfor-
mance of this device makes it attractive for memory c
applications. The two states of the OBD differ in their co
ductivity by about 107 and show remarkable stability in tha
once the device reaches either state, it remains in that
for a prolonged period of time. More important, the high a
low conductivity states of an OBD can be precisely co
trolled by the application of a positive voltage pulse~to
write! or a negative voltage pulse~to erase!, respectively. In
this letter, we report an organic memory device which co
bines the electrical bistable characteristics and the electr
minescence of a polymer light-emitting diode~PLED!. This
combination makes the organic bistable light-emitting dev

a!Author to whom all correspondence should be addressed; electronic
yangy@ucla.edu
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~OBLED! a unique memory device which can be addres
electrically, but the readout is both electrical~in serial! or
optical ~in parallel!. In addition to being a high throughpu
memory device, this device is also ideal used as an electr
book.

The structures of an OBD and an OBLED are shown
Fig. 1. The organic material used is 2-amino-4,5-imidazo
dicarbonitrile ~AIDCN!. The metal chosen for this illustra
tion is aluminum~Al !. Both glass and flexible plastic film
were used as substrates to fabricate OBDs. First, the
strates were coated with an 80 nm Al layer.~OBD is a sym-
metric device, we define the anode to be the electrode on
substrate, and it is wired to the positive potential.! Then, the
first AIDCN layer, the middle Al layer, and the secon
AIDCN layer were sequentially deposited on top of this a
ode. The device was completed by the deposition of ano
80 nm Al layer to serve as the cathode. All depositions w
carried out in a vacuum of;131026 Torr in an evaporator
equipped with six sources. All the steps, including exchan

il:FIG. 1. Structure of an OBD and an OBLED as well as the chemical str
ture of AIDCN.
© 2002 American Institute of Physics
IP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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of shadow masks for the electrode patterning were condu
without breaking the vacuum. The thickness of both AIDC
layer and the embedded Al layer was about 40 nm and
nm, respectively. For the OBLEDs, the devices were c
structed by first fabricating a regular PLED with a structu
~ITO/PEDOT/MEH-PPV/Ca/Al! in the earlier publication.11

~MEH-PPV is the abbreviation of poly~2-methoxy-5-
~28-ethyl-hexyloxy!-1,4-phenylene vinylene.! Then, on top
of the PLED, an AIDCN/Al/AIDCN trilayer was deposite
sequentially. Finally, another Al layer was deposited to fin
the device. The forward bias indicates the bottom electr
directly on the substrate is positively biased. Curren
voltage~I–V! curves were measured with an Hewlett Pac
ard 4155 semiconductor parameter analyzer. Emission s
tra were recorded with a Spectra-scan PR 650.

Typical I–V curves for OBDs are shown in Fig. 2. A
can be seen, during the first bias scan, the device as f
cated shows a very low current in the low-voltage ran
~0–3 Volts!, indicating the device is at a high impedan
state. However, at a critical voltage,;3 V in Fig. 2, the
current has a sharp increase of nearly 6 orders of magnit
indicating that the device has had a transition from the hi
impedance state to a low-impedance state. When the
voltage is further increased, the device shows a very h
current. However, the I–V curve recorded in the second b
scan is totally different from that observed in the first b
scan. Even in the low-voltage range, the device shows v
high current, indicating that the device remains in the lo
impedance state.~In fact, the device remains in the low
impendence state even after the power is off; i.e., the n
volatile memory effect.! Thus, these two I–V curves define
voltage range~0–3 Volts in Fig. 2! in which the device
shows bistable phenomena, i.e., at a given voltage the de
can have two different currents. Most important, the h
impedance state can be recovered from the low impeda
state by simply applying a reverse bias pulse.10 This makes
OBDs a potential candidate for rewritable digital memori

One of advantages of using organic materials as the
tive medium is that devices can be fabricated on flexi
substrates, usually plastic films. For example, the succes

FIG. 2. I–V characteristics of an OBD recorded during the first bias s
and the second bias scan.
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the light-emitting diodes12 and transistors3 fabricated on flex-
ible substrates has been already demonstrated. Figu
shows a photograph of three sets of 737 OBD matrix fab-
ricated onto a flexible plastic substrate.

Typical I–V curves for an OBLED are shown in Fig. 4
which are similar to the I–V characteristics observed in F
2. During the first sweeping of forward bias, the current h
an abrupt increase at a critical voltage,;6 V. As can be seen
in Fig. 4, the current injection ‘‘switched up’’ by 3 orders o
magnitude, reflecting a transition of the OBD compone
from a high-impedance state to a low-impedance st
Meanwhile electroluminescence~EL! can be observed. The
inset of Fig. 4 shows the corresponding EL spectrum for
OBLED at a current of 3 mA with the brightness about 2
cd/m2. However, a different I–V curve as shown in Fig.
was observed in the second bias scan. In the low-volt
range~0–6 V!, the device has a much higher current injecti
than that observed in the first bias scan while in the hi
voltage range~greater than 6 V!, the two I–V curves overlap
Since the current in the second bias scan is limited by
PLED component, the device behaves as a light-emitting
ode and EL can be observed at a relative smaller volt
~less than 6 V!.

n

FIG. 3. Photograph of 737 organic memory array on a regular plast
overhead transparency.

FIG. 4. I–V characteristics of an OBLED~curve 1 is for the first bias scan
and curve 2 is for the second bias scan!. The inset is the EL spectrum.
IP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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The two important features observed in the OBLED
bistability and EL make the OBLED a promising candida
for memories with a high output rate. With OBLEDs, th
memory effect can be achieved by first applying a record
voltage pulse~e.g., 8 V in Fig. 4! greater than the critica
voltage to trigger the transition from a high-impedance st
to a low-impedance state. A small reading voltage~e.g., 4 V
in Fig. 4!, smaller than the critical voltage, can be applied
OBLED, and the detection of the memory state can be d
either electrically~measuring the injection current! or opti-
cally ~measuring light emission!. For optical detection, the
devices/pixels at low impedance can give much stron
light emission than those at high impedance because of
difference in current injection. Thus, the recorded or mem
rized information can be extracted by distinguishing the
tensity of light emission at different pixels.

For traditional OBD memory devices having the X–
matrix format, the reading of the memory array is usually
serial sequence, i.e., the maximum data throughpu
achieved by scanning one line after another. However,
optical detection capability of OBLEDs enables paral
reading, which will enhance the reading speed dramatica
the throughput of the memory array can become instan
turning on the whole memory array simultaneously. Mo
important, due to the presence of the EL, human eyes ca
used as to detect~read! the recorded information directly
which further offers OBLEDs new potential application
such as electronic books, newspapers, smart papers, etc

In summary, it has been demonstrated that OBDs can
made by sandwiching an organic/metal/organic trilayer
tween two electrodes. The as-fabricated devices sho
Downloaded 22 Jan 2002 to 164.67.23.220. Redistribution subject to A
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sharp increase~6 orders of magnitude! in current injections
when the bias voltage reaches a critical value, indicating
the devices have a transition from a high-impedance stat
a low-impedance state. Furthermore, a type of memory
vice, i.e., organic bistable light-emitting devices, which sho
both electrical bistability and EL, can be made by integrat
the bistable device with a regular organic light-emitting d
ode. For these devices, the memory effects~or recording-
reading capability! are realized by first applying a large vol
age pulse to record information electrically, and th
applying another small voltage pulse to read it either elec
cally ~measuring currents! or optically ~measuring the EL!.
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