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Abstract—In this paper, a novel all-polymer integrated mi-
crosystem, which realizes a 2-D display by integrating a 1-D
array of polymer light-emitting diodes (PLEDs) with a poly-
mer scanner of microelectromechanical system (MEMS), is
presented. Electronic modulation of PLEDs forms the first di-
mension of the display (fast scan), and the scanner actuation
orthogonal to the direction of PLED lineup forms the second
one (slow scan). MEMS scanner (actuator) is fabricated on a
polymer composite (FR4 material) with a double-sided process
using lithography to pattern copper lines and laser micromachin-
ing to cut the scanner outline. PLEDs are fabricated on poly-
ethylene terephthalate sheets. They have a thin-film structure of
indium tin oxide, poly (3,4-ethylenedioxythiophene) poly (styre-
nesulfonate), poly [2-methoxy-5-(2′-ethyl-hexyloxy)-1,4-phenylene
vinylene], and aluminum. The scanner is actuated electromag-
netically in its slow-scan resonance mode at 49 Hz, generating a
maximum displacement of 3.5 mm at a drive power of 84 mW
with the help of a mini permanent magnet attached to the tip
of the scanner and an off-chip energizing coil. Turn-on voltage
of a PLED is 7.5 V, and each one generate a luminance of
0.3 cd/m2 at 13 V, consuming 1.1-mA current. Successful operation
of the integrated-display system is shown by forming a checker box
image with a resolution of 20 × 7 and a size of 9 mm by 3.4 mm.

Index Terms—Display, MOEMS, polymer integrated microsys-
tem, polymer light-emitting diodes (PLEDs).

I. INTRODUCTION

INTEGRATION of polymer microelectromechanical sys-
tems (MEMS) with polymer light-emitting diodes (PLEDs)

in order to produce 2-D displays is an attractive solution.
There are a number of studies of semiconductor LED-based
dot matrix displays, which are currently known to be a mature
technology [1]–[3]. These conventional solutions incorporate
modulation of 2-D LED matrix with a driver electronic circuitry
[4], [5]. Resolution of such a display depends on the number of
LEDs in the 2-D matrix, which becomes excessively large in
terms of device count and expensive for high-resolution sys-
tems. Such a conventional realization technique for 2-D matrix
displays not only suffers from the large number of LEDs used
in the system but also the following conditions: 1) low yield
due to difficulties in high-density semiconductor optoelectronic
device fabrication; 2) reliability problems (dead pixels, LED-to-
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LED variations in luminance–current characteristics, etc.); and
3) high power consumption of the LED matrix.

Present system offers a novel method for realization of 2-D
displays by integrating the light sources (PLED) with the
MEMS actuators. The operation of the system relies on the
modulation of the light sources in one axis (called fast-scan
axis) and the resonant movement of the LED-integrated MEMS
platform in the axis perpendicular to the fast-scan axis (called
slow-scan axis). This method has a number of novelties over
the conventional techniques, such as the following: 1) usage
of only one row of PLED array leads to severe reduction
in the cost of light sources; 2) due to reduced number of
light sources, reliability is expected to increase significantly,
having much smaller number of dead pixels and lower amount
of LED-to-LED variation (depending on the resolution, this
enhancement is expected to be around the number of rows);
3) power consumption of the 2-D display proposed in this paper
is the sum of the powers consumed by the 1-D LED array and
the MEMS actuator, which is much smaller than the power con-
sumption of 2-D LED matrix displays; 4) the present display
represents a technologically new class, and it is, in principal,
possible to perform full monolithic integration with polymer
PLEDs; 5) traditional LED-based 2-D displays, excluding or-
ganic and/or polymer LEDs and electronics, cannot use active
matrix addressing and are limited to passive matrix addressing
[1], which in turn puts limitations on the resolution and size of
the displays. Present method, however, alleviates this problem
significantly, due to 1-D array addressing simplicity, even if the
passive array addressing is used. This interdisciplinary study
claims to yield in a highly original 2-D display, merging two
high-tech fields, namely, the MEMS and polymer electrooptics.
There is no similar system previously reported in the litera-
ture that enables the integration of polymer MEMS actuators
with PLEDs to implement medium-resolution, e.g., QVGA
(320 × 256), VGA (640 × 512) miniaturized 2-D displays.
Representative numbers for a potential VGA realization are as
follows: a LED emitter size of 50 μm × 50 μm, a LED pitch of
100 μm, and an actuator width of 65 mm. These numbers show
that it is realistic to have a display in a common video format.
Such a display component can be used in consumer electronics
products (mobile phones, MP3 players, digital cameras, hand-
held PDAs, etc.), representing an alternative class of display as
a reliable, robust, low-power, and low-cost system.

This paper is organized as follows. Section II describes
the device operation where the display subsystems, namely, a
magnetic actuator, and PLED principles are given. Section III
is devoted to the fabrication and integration of the subsystems
to implement a display. Following, Section IV discusses the
performance of the implemented system. Concluding remarks
and outlook are supplied in Section V.

0018-9383/$26.00 © 2009 IEEE
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Fig. 1. (a) Schematic of the polymer-based MEMS display. (b) Electronic-
modulation and MEMS-actuation directions.

II. DEVICE OPERATION

A. MEMS Actuator

Schematic of the proposed system that uses a novel method
for realization of 2-D displays by integrating 1-D array of light
sources (LEDs) with a MEMS actuator is shown in Fig. 1(a),
where an actuator suspended with two springs at the anchoring
regions and an array of PLEDs placed on the actuator surface
can be identified. Basic operation of the device relies on the
electronic modulation of the light sources in the fast-scan axis
and the mechanical vibration of the actuator at a designed
frequency (refresh rate) in the slow-scan axis, as shown in
Fig. 1(b). Simultaneous control of the slow-scan movement of
the MEMS actuator and the electronic modulation of the LEDs
form virtual pixels and thus generate a 2-D image, as enclosed
by the 2-D image plane in Fig. 1(b).

The slow-scan motion of this scanning display is realized
by electromagnetic actuation of the FR4 structure at its fun-
damental resonant mode. The MEMS actuator defines both the
refresh rate and the resolution of the 2-D image; therefore, it is
important to have a reasonable refresh rate (e.g., 50 Hz) as well
as a large shuttle deflection. The actuator used in this paper can
be pictured as a combination of two cantilevers and a lumped
shuttle mass. Resonance frequency related to the out-of-plane
movement of the actuator can be approximated as

f =
1

2π

√
2k

mL + meff
(1)

Fig. 2. Finite-element analysis of the MEMS actuator. (a) Slow-scan (refresh
rate at 49.8 Hz) movement as the fundamental mode. (b) Unused torsional
movement mode at 193.4 Hz (dimensions in meter).

where k is the spring constant of one suspension, mL is the
total mass of the LEDs, and meff is the effective mass of the
moving FR4 structure. The resonance-mode frequency given
in (1) is designed by proper sizing of the springs for the
refresh rate (slow scan) of the 2-D display. Other mechanical-
vibration modes of the device are placed sufficiently farther
from this mode on the frequency spectrum. The calculations
are confirmed by doing finite-element simulations with Comsol
FEMLAB 3.0 package, as shown in Fig. 2. The simulations
show the first two structural-vibration modes of the actuator.
The very first mode is out-of-plane bending mode that occurs
at 49.8 Hz, and the adjacent mode is at 193.4 Hz, as shown in
Fig. 2(a) and (b), respectively. Safe-mode separation is ensured
by a double-spring design, resulting in a stiffer effective spring
in the directions different from the fundamental movement
direction.

Electromagnetic actuation is preferred to excite the mechan-
ical structure at its resonance [6], [7]. This is accomplished by
the help of an off-chip electrocoil and a mini permanent magnet
which is placed on the tip of the scanner. When an alternating
current is passed through the electrocoil, a frequency-dependent
magnetic flux is exerted. This flux produces a magnetic force
which acts against the spring force, resulting in deflections of
the fabricated cantilever. The total Lorentz force on a current-
carrying wire is given by the following formula (assuming that
the magnetic field is uniform over the conductor):

→
F=

∮
L

I
→
dl ×

→
B (2)

where B is the dc magnetic field vector generated by the
permanent magnet, I is the alternating current flowing in
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the electrocoil, and L is the effective length of the current-
carrying conductor [8]. Since off-chip coils offer much longer
conductor lengths than the coils implemented on the chip, it is
more advantageous to use off-chip coil and on-chip permanent
magnet to maximize the actuation force. When the frequency of
the actuation force enters into the passband of the mechanical
resonator, the movable frame displacement increases drastically
due to high mechanical quality factor of the scanner. Mechan-
ical actuator acts like a passive filter with high quality factor,
converting the displacements near the resonance frequencies
to higher excursions. This effect helps to decrease the power
consumption of the MEMS driver to the range of a few milli-
watts. Since there are a number of mechanical modes occurring
at different distinct frequencies, the scanner is driven only at
the specific slow-scan mode by using a sinusoidal signal source
at the out-of-plane bending resonance-peak frequency. Spectral
purity of the driving electrical signal becomes important be-
cause it can excite other modes which can appear as parasitic
motions to the fundamental one.

B. PLEDs

Conjugated polymers are semiconductors that offer flexi-
bility, simplicity, and lower cost in the fabrication of LEDs
[9], transistors [10], integrated circuits [11], photodetectors,
and solar cells [12]. Their usage has a potential to realize
monolithic integration of electronic, optoelectronic, MEMS,
and sensory devices [13] altogether. In addition, polymer-based
systems are amenable to roll-to-roll production [14]. How-
ever, when compared to their inorganic counterparts, current
polymer semiconductor devices have lower performances, are
less reliable, and have shorter lifetimes due to rapid degrada-
tion on exposure to oxygen and water vapor under ambient
atmosphere [15].

In this paper, 1-D PLED array is made with a structure
of indium tin oxide (ITO), poly (3,4-ethylenedioxythiophene)
poly (styrenesulfonate) (PEDOT:PSS), poly [2-methoxy-5-
(2′-ethyl-hexyloxy)-1,4-phenylene vinylene] (MEH-PPV), and
aluminum (Al). ITO forms a transparent anode electrode.
PEDOT-PSS works as a hole-transporting layer. MEH-PPV
is the light-emitting layer. Aluminum is used as a low-work-
function anode material. Electrons injected from Al and holes
from ITO recombine on MEH-PPV to emit photons.

In contrast to typical fabrication process in literature, fab-
rication of the 1-D PLED array is performed under standard
room conditions without using glove boxes. Therefore, during
each fabrication step, the polymer materials are degraded by
humidity and oxygen in the environment. As a result, fabricated
PLEDs do not emit light when forward biased. To remedy this
situation, a novel two-step postfabrication-treatment method,
consisting of thermal and electric field treatments, is used to
revive them [15]. Treatments are done on a hotplate inside a
vacuum chamber with in situ packaging capability after the
electrical wiring of the array is done. The PLED array is
packaged with a millimeter-thick layer of a hot-melt silicone
immediately after treatment without breaking vacuum. Thermal
treatment restores the electroluminescent function of PLEDs
by removing most of the oxygen and water vapors absorbed

Fig. 3. Process sequence of MEMS actuator fabrication.

inside the devices. The electric field treatment following the
heat treatment lowers their turn-on voltages and increases their
stability, repeatability, and lifetime by reorienting and ordering
polymer chains that have become mobile over their glass transi-
tion temperatures and lowering contact barriers at the interfaces
of the films. Such a fabrication process is much easier and
cheaper, since the equipment consisting of spin-coater, hotplate,
stirrer, high-vacuum thin-film evaporator, wiring tools, and
packaging tools used in the production of PLEDs does not have
to be connected together inside a big glove box to secure an
inert atmosphere. Fabricated PLEDs using these materials and
methods typically have efficiency of around 0.1%, luminance
of 5 cd/m2, and lifetime of a couple of months.

III. FABRICATION

MEMS actuator and 1-D array of PLEDs are fabricated
separately and then integrated to get the targeted 2-D display.
The fabrication process of the MEMS actuator is shown in
Fig. 3. An FR4 substrate of 200 μm thickness which has
30-μm-thick copper films on both sides is used as the starting
material. The copper film on the front side is coated with a
4-μm-thick Shipley 1828 photoresist layer. This layer is pat-
terned lithographically, as shown in Fig. 3(b). The copper
layer is then electrochemically etched in HCl solution, and
photoresist is stripped in order to produce the electrical paths
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Fig. 4. (a) Front-side and (b) backside views of MEMS actuator.

to PLEDs. Subsequently, copper on the backside is patterned
and etched in a similar way while protecting the front side of
the substrate with a protection layer. Most of the copper on
this side is not etched except for the paths for laser cutting, as
shown in Fig. 4(b), in order to increase the stiffness and the
quality factor of the MEMS actuator and also to alleviate the
problem of metal fatigue in copper paths. Finally, the structure
is cut by a laser cutter (Versa Laser Cutter, VLS2.30). Laser
cannot cut through the copper film; hence, the pattern of the
copper film on the backside forms the final shape the MEMS
actuator. Window opened on the tip of the cantilever structure
is required, since light generated on PLEDs can be viewed only
through this window after the integration of the actuator and the
PLED array.

All fabrication steps of PLEDs are performed under standard
room conditions, with a relative humidity level of 40%–50%
and a temperature of 21 ◦C–26 ◦C. PLEDs are fabricated
on ITO-coated polyethylene terephthalate (PET) sheets with
a sheet resistivity of 35 Ω/square, purchased from Aldrich.
The sheets are cut into circular wafer-shaped segments with
diameters of 4-in and attached to 1-mm-thick glass wafers
temporarily with silicone gel. They are cleaned in acetone,
isopropyl alcohol, and deionized water consecutively for 3 min
using an ultrasonic cleaner. The process sequence of PLED
fabrication is shown in Fig. 5. ITO is patterned photo litho-
graphically using 2.8-μm-thick positive photoresist and etched
in a 1:1 HCl:H2O solution. To eliminate the hydrophobic nature
of the PET surface against PEDOT:PSS, which is an aqueous
solution, and to clean the surface of ITO from organic residuals,
an oxygen plasma with a power of 20 W is used for 15 min
in a 300-mtorr vacuum. PEDOT:PSS with a conductivity of

Fig. 5. Process sequence of PLED fabrication.

1 S/cm is purchased from Sigma as an aqueous solution.
After the filtration of PEDOT:PSS with a 0.25-μm syringe
filter, a film approximately 80 nm in thickness is obtained
on the wafer by spin-coating the solution at 2000 r/min for
30 s. PEDOT:PSS film is baked at 110 ◦C under nitrogen
atmosphere for 1 hr and then baked in a vacuum of 150 torr
for 1 hr to remove its water content. In order to minimize ther-
mal stress, temperature is increased and decreased gradually.
This results in a PEDOT:PSS film with a sheet resistivity of
about 125 KΩ/square. Since PEDOT:PSS has four orders of
higher resistivity than ITO, it is not necessary to pattern this
film. Next, a 4-mg/mL MEH-PPV/toluene solution is stirred at
50 ◦C on a hotplate for at least 4 hr until the polymer is fully
dissolved. After filtering the mixture with a 0.25-μm Teflon
syringe filter, the MEH-PPV solution is spin-coated onto the
wafer at 2000 r/min. Then, the film is baked at 65 ◦C for
1 hr. This obtains a film thickness of approximately 80 nm. For
the deposition of the aluminum electrodes, a shadow mask is
prepared from a 100-μm-thick stainless-steel (SS301) sheet. A
photoresist mask is patterned on steel surface using lithography,
and then, steel is isotropically etched using electrochemical
etching in 1:7 HCl:DI water solution [16]. A vacuum chamber
with a base pressure of 10−6 torr is used to evaporate a 220-nm
aluminum layer. The shadow mask is aligned perpendicular to
the patterned ITO lines and forms 1-D PLED array.

Fabricated PLED array is composed of 20 PLEDs with
pixel dimensions of 400 μm by 1500 μm separated by a
50-μm gap. The increase of the second dimension of the PLED
from the designed value of 800 to 1500 μm is due to the gap
between the devices and the shadow mask during evaporation
of aluminum. After the fabrication, one die of 1-D PLED array
out of many dies on the wafer, as shown in Fig. 6, is cut simply
using a blade and attached to the tip of the cantilever of the
polymer scanner, where a window has been opened before, as
shown in Fig. 7. Manual alignment between the array and the
scanner is made such that copper lines and electrode lines of

Authorized licensed use limited to: ULAKBIM UASL - BOGAZICI UNIVERSITESI. Downloaded on January 6, 2010 at 03:53 from IEEE Xplore.  Restrictions apply. 



GOKDEL et al.: POLYMER-MEMS-BASED OPTOELECTRONIC DISPLAY 149

Fig. 6. Photograph of fabricated dies of 1-D array of PLEDs on PET substrate,
temporarily attached to a glass wafer.

Fig. 7. Integration of 1-D PLED array and MEMS actuator.

the array are matched. Silver epoxy is used to connect copper
lines to the corresponding electrodes of the array, as shown
in Fig. 7(b). Subsequently, postfabrication treatments required
for the PLED array are done. These are performed in a dark
environment on a hotplate that is inside a vacuum of 100 mtorr.
Heat treatment starts by heating the polymer system to 110 ◦C.
Temperature is changed gradually in stages to minimize the
thermal stress between the layers. The duration of the heat
treatment is 1 hr. Following the heat treatment, the devices are
electrically reversed-biased at 0 V, meaning that anodes and
cathodes are short circuited. By short circuiting an LED, its
active area is reverse biased by its built-in potential, and an
electric field is created across. The electric field treatment also
continues for an hour at a temperature of 110 ◦C. At the end
of treatment stages, the polymer system is packaged immedi-
ately without breaking vacuum. A layer of hot melted silicone
approximately 1 mm thick purchased from Henkel is used to
encapsulate only the area of the polymer system where the 1-D
PLED array is attached. The silicone is melted above 90 ◦C
by turning on a separate custom-made heater, which holds solid

Fig. 8. (a) Front-side and (b) backside views of MEMS display after integra-
tion with 1-D PLED array.

silicone pieces. This heater is located on the surface of the
hotplate. It is thermally isolated from the hotplate using glass
supports. The whole setup is inside the vacuum chamber. The
electrical controls for this custom-made heater and the hotplate
are outside the chamber. Hot-melt silicone is preheated at
50-mtorr vacuum separately before it is used for encapsulation
to remove the absorbed gasses inside. After the deposition of
the melted silicone, a thin glass slide (100 μm thick) is pressed
against the surface of the liquid silicone. Once the silicone
cools and solidifies, it holds the glass slide and together forms a
good encapsulation for the PLEDs working as diffusion barriers
for water and oxygen. The light of the PLED comes out from
the ITO/PET side of the substrate, and this was the reason of
opening a window on the tip of the cantilever.

The fabricated MEMS display is shown in Fig. 8. In this fig-
ure, the cathode pads on the FR4 surface are connected together
via silver epoxy, which is necessary for the coming electrical
treatment of the PLEDs. These are cleaned and connected to
an electronic driving circuit by soldering after postfabrication
treatments and packaging. On the front side of the display, as
shown in Fig. 8(a), all the electrical connections made between
PLED array and copper lines of FR4 using silver epoxy can
be seen. The backside of the device is shown in Fig. 8(b). The
aluminum pattern of the PLED array, which is on the front side,
is visible on this backside view, since the PET and ITO patterns
are transparent. Similarly, the emitted light of the PLEDs is
visible from this side.

Implementation of the system is completed by permanently
attaching two nickel-plated magnets which have the dimensions
of 1 mm × 5 mm × 5 mm and a weight of approximately
220 mg onto the MEMS actuator in order to define a magnetiza-
tion on the movable parts as described in the device-operation
section. Subsequently, an off-the-shelf coil is optimally placed
near the actuator to complete system setup.
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Fig. 9. Displacement-frequency and power-resonance (inset) plots of MEMS
display.

IV. CHARACTERIZATION

A. MEMS Actuator

A vibration-velocity characterization setup is used to extract
the frequency response of the MEMS actuator. This setup con-
sists of a laser Doppler vibrometer (LDV), a function generator,
and an oscilloscope. Communication between the oscilloscope
and the function generator is accomplished by GPIB interface.
LDV sends a laser beam to the section of interest and measures
the Doppler shift of the returning beam to give a voltage at
its output which carries the signature of the vibration velocity
of that particular section. In the experiments, both the coil
excitation voltage (current) and the LDV output voltage are si-
nusoidal signals. For a given setting of the LDV, output voltage
is converted to velocity by scaling it with a constant. Fig. 9
shows the mechanical transfer characteristics of the device as
a function of the operation frequency. This plot is obtained
by driving the electrocoil with a signal of constant power and
varying frequency and collecting the vibration velocity by the
LDV (Polytec OFV 2500). The transfer function of the actuator
is measured in ambient air for a drive level of 29 mW. As shown
in Fig. 9, the slow-scan resonance peak is approximately at
49 Hz, which is very close to the designed value (50 Hz)
of the out-of-plane bending resonance mode of the actuator.
Quality factor of the device in this mode is measured as 25 in
ambient air. The next resonance peak occurs at about 200 Hz,
as expected from the finite-element simulation result shown in
Fig. 2(b).

The frequency peak, present at 200 Hz, is related to the
torsional movement of the actuator and is shown in Fig. 9.
The related displacement is more than two orders of magnitude
smaller than the fundamental mode, and there is safe frequency
spacing between these adjacent modes. Inset graph in Fig. 9
shows the displacement and resonance-frequency shift associ-
ated with the slow-scan mode as a function of the drive power
level of the actuator. There is a square-root-like behavior of the
displacement on the drive power. This is an expected outcome,
since the Lorentz actuation force as well as the displacement,
according to the Hooke’s law, are linearly proportional to the
electrocoil current. Drive power level is proportional to the

Fig. 10. Luminance–current–voltage (L−I−V ) characteristic of the fabri-
cated PLEDs.

square of the electrocoil current; thus, the displacement follows
square-root-like characteristics. The shift in the resonance fre-
quency is related both to the nonlinear Duffing effect and the
spring-softening effect due to the behavior of the suspensions
of the MEMS structure at large displacements [16]. In the slow-
scan resonance mode, the actuator can generate a maximum
displacement of 3.5 mm at a drive power of 84 mW, as can
be read in the inset graph shown in Fig. 9.

B. PLED

The optical characteristics of PLEDs are measured using an
optical setup composed of a fiber-optic spectrometer (Ocean
Optics, USB 4000), integrating sphere (Ocean Optics, FOIS-1),
and fiber-optic cables. For relative measurements, a bare fiber-
optic probe with a 200-μm radius is used. The same fiber-
optic probe is also used to determine the light spectra of the
PLEDs. The luminance observed by the fiber-optic probe is
measured with the spectrometer. For absolute measurements,
the integrating sphere is used to capture the total luminous flux
emitted from the device. Calibrations are performed with a cal-
ibrated light source (Ocean Optics, LS-1-CAL-INT). Electrical
measurements of the device parameters are performed using a
Semiconductor Characterization System (Keithley 4200SCS), a
digital multimeter (Agilent 34410A), and adjustable dc power
supplies (Hameg HM7042-5).

The emission spectrum of the fabricated PLEDs has a typical
PLED spectrum shape with a peak at 600 nm in wavelength.
Measured current–voltage and current–luminance characteris-
tics of PLEDs are shown in Fig. 10. These devices start to
emit light at 7.5 V. In a similar fabrication and postfabrication
treatment sequences, this voltage level is reported to be 3 V
[7]. The difference between the thickness of MEH-PPV in
this paper and the one used in the aforementioned study is
believed to cause this change in the results of the postfabrication
treatments. For this new fabrication conditions, postfabrication
treatment voltages can be swept from −1 to −5 V to find
the treatment voltage that gives the smallest turn-on voltage.
Emitting area of an individual PLED is 400 × 1500 μm2. The
increase of the second dimension of the PLED to 1500 μm is
due to the gap between the devices and the shadow mask during
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Fig. 11. Generated MEMS display image examples. (a) No actuation and no
modulation. (b) Actuated but no modulation. (c) PLED array is modulated
to give a checkerboard image. (d) Pattern obtained by selectively turning off
several PLEDs.

evaporation of aluminum. Luminance increases as the applied
voltage increases. Devices are operated at 13 V in the test of the
polymer display system, each PLED consuming 1.1 mA of
current. At this operation point, each PLED has a luminance of
0.3 cd/m2. Similarly, luminance of PLEDs can be improved to
our typical value of 5 cd/m2 by changing the thickness of MEH-
PPV, optimizing postfabrication treatments, and shortening the
time between fabrication, system integration, and packaging.

C. Two-Dimensional Display

The fabricated device can be used as a 2-D display with a
resolution of M × N , where M is the number of light sources
(PLEDs) in the array and N is the closest integer to the number
defined by the ratio between the total excursion of the MEMS
scanner and the 1-D PLED array length. In this paper, a 2-D
display of 9 mm × 3.4 mm is constructed as a representative
device with a resolution of 20 × 7. Photograph of the display
with no actuation is shown in Fig. 11(a), where a column of
(1-D) PLED array in emission is visible. When the actuator is
excited at its slow-scan resonance mode, a 2-D pattern as shown
in Fig. 11(b) is formed. This rectangular image, visible at the
end of the cantilever, is generated by application of constant
voltage to each PLED device; therefore, no compensation for
LED-to-LED variation is present. As a result of that, there
are brightness differences between the horizontal lines, since
each PLED is responsible for scanning a single horizontal
line. In addition to that, since the MEMS scanner velocity is
maximized around the central portion of the image, pixels at the
left and right rims of the pattern are brighter [8]. We have not
programmed the pixel times to accommodate the local velocity
variations of the MEMS actuator in this paper.

Fig. 11(c) shows a checkerboard pattern generated by ap-
plying a square wave signal and its 180◦-phase-shifted version
to the neighboring PLEDs. Contrast of the display is shown

in Fig. 11(d) where several PLEDs in the array are turned
off. As shown in Fig. 11, in general, basic functions of a 2-D
display can be implemented by using the polymer MEMS-
PLED imaging system.

V. CONCLUSION

In this paper, integration of polymer-composite MEMS ac-
tuators and 1-D PLED array was presented. Initial results
show the potential of this technology to implement medium-
resolution low-cost 2-D displays. Virtual pixels of this novel
display were implemented by linear vibration of the electron-
ically modulated PLEDs in the direction that is perpendicular
to the array. Two essential parts of the display, the MEMS
actuator and the PLED array, were fabricated by using inexpen-
sive processes. Characterization results of the MEMS actuator
showed that peak-to-peak deflection of 3.4 mm is possible
without reaching the plastic-deformation limit. PLEDs start to
emit light at 7.5 V. Each PLED has a luminance of 0.3 cd/m2 at
13 V, consuming 1.1-mA current. Resulting integrated display
was tested to implement basic functions of an imaging system,
and according to the initial results, it is proven that there is
a great potential for a novel all-polymer medium-resolution
inexpensive display.
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