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Preparation and Characteristics of PMMA
Microlens Array for a BLU Application

by An Inkjet Printing Method

YONG SUK YANG, DOO-HYEB YOUN, SEONG
HYUN KIM, SANG CHUL LIM, HYO SUN SHIM,
SEONG YOUL KANG, AND IN-KYU YOU

IT Convergence and Components and Materials Research Laboratory,
Electronics and Telecommunications Research Institute, Gajeong,
Yuseong, Daejeon, Korea

In this study, poly(methyl methacrylate)(PMMA) microlens array for a back light
unit(BLU) application was fabricated by an inkjet printer, which loaded piezoelec-
tric microchannel mounted 30mm nozzles to deposit polymer droplets via drop-
on-demand fashion. Before the inkjet printing, the surface of PMMA substrates
was modified chemically by a phase separation technique. The surface topologies
and aspect ratios of microlens were measured. A 5.2� 7 cm2 BLU plate with micro-
lens arrays printed by the inkjet method was fabricated for the application of a
mobile phone.

Keywords Hydrophobicity; inkjet printing; microlens; PMMA; surface
modification

Introduction

Microlens arrays offer an enabling technology in critical domains such as sensors,
communications, metrologies, and back light units, often providing solutions where
other technologies prove unsuitable, unmanageable or cost-prohibitive [1–3]. Many
methods were recently studied to produce microlens arrays [4–6]. Traditional fabri-
cation technology among them has required clean rooms or complex processes
including a photolithography [4]. Other common fabrication processes have
employed resist processing, growth, reactive ion etching, hot pressing or mechanical
fabrication, which were often costly or labor intensive works [5,6].

Inkjet printing is a familiar technique that creates and releases droplets of
fluid on demand and precisely deposits those droplets on a substrate, as reported
by Gans et al. and Tien et al. [7,8] It has received increased attention for its novelty
and ability to produce patterned and template material structures. In the application
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of microlens fabrication, drop-on-demand (DOD) inkjet printers especially offered
the advantages of contactless printing and eliminated the use of a die or photomask
[8–10].

In this study, poly(methyl methacrylate) (PMMA) microlens arrays for a BLU
application were fabricated by an inkjet printing method. Before the inkjet printing,
the surface of PMMA substrates was modified chemically to vary microlens array
shapes, and the surface morphology and aspect ratio of microlens array were ana-
lyzed. Finally, we fabricated a 5.2� 7 cm2 BLU plate with microlens arrays produced
by the inkjet method for a mobile phone.

Experimental and Sample Characterization

Inkjet DOD fabrication of microlens array consisted of a basic setup utilizing a
heated fluid reservoir coupled to a piezoelectric ceramic, through which a machined
nozzle dispensed uniform polymer droplets to the substrate mounted to xyz micro-
controllers, as illustrated in Figure 1. The spherical drops with a diameter of
33 mm were generated with a Microfab device equipped with a nozzle of 30 mm diam-
eter. The cleaned PMMA substrate was placed on a movable xyz table, onto which
the spherical drops were deposited in a dust-free atmosphere. PMMA ink was an
epoxy type, which could be cured in an air-atmosphere with about 500 mW=cm2

of UV light radiation for less than 2min and was transparent in wavelength range
from 600 to 1700 nm. Due to the surface tension, the drops took a plano-convex
shape rapidly and could be polymerized and hardened under UV light. Variation
in not only inkjet printing condition but also surface state of PMMA substrate could
be employed to modify lens shape, depth of field, and lens height.

To influence the profile of microlens elements and increase the aspect ratio of
hemi-elliptical lenses, we proposed the chemical modification of PMMA substrates
utilized in the earlier stage of the inkjet printing, which was similar with several
published studies [11,12]. The modification was chosen to fabricate a hydrophobic
surface at ambient room temperature via a simple ‘‘dipping and drying’’ route.

Figure 1. Schematic image of BLU and microlens arrays produced by a DOD method.
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In the first place, a PMMA film (thickness: 500 nm) was spin-coated on the PMMA
substrate by using dichloromethane (DCM, Aldrich Co., 99.9%) as a solvent, that
could be easily evaporated (boiling point(b.p.): 39.4�C), and then the substrate
was dipped into the polymer solution followed by slow evaporation of a 1,4-dichlor-
obenzene (p-DCB, Aldrich Co., 99.9%) solvent (b.p.: 138.4�C). The dipping and dry-
ing times were typically 30 sec and 10min, respectively. The surface treatment
generated various nano- and micro-structures of PMMA films and improved hydro-
phobicities. The surface topologies of the so formed PMMA surfaces were measured
by a scanning electron microscope (SEM), an atomic force microscope (AFM), and
an optical microscope (OM).

Results and Discussion

Surface Topologies and Aspect Ratios

Figures 2a, b show the SEM images of surface morphologies of a bare PMMA sub-
strate and the PMMA film treated by a p-DCB solvent, respectively. The insets of
Figures 2a, b are the results of water contact angle (CA) for both samples. The bare
PMMA substrate, which presented a relatively dense and uniform structure,
achieved the water CA of 67� and the surface free energy (ES) of 44mJ=m2. How-
ever, when the PMMA film was coated and treated with a p-DCB solvent, a rough
surface morphology was obtained, resulting in a improved hydrophobicity, with a
water CA changing to 78�(ES: 35mJ=m2). This phenomenon indicates that the treat-
ment of p-DCB solvent by a ‘‘dipping and drying’’ method can play a vital role in the
generation of hydrophobic coatings with a rough surface morphological structure.

Figures 3a, b give the AFM images in a 5� 5 mm2 region for a bare PMMA sub-
strate and a PMMA film after the surface treatment with p-DCB, respectively. When
treated by p-DCB, the film surface became rougher than that of the bare substrate in
nano- and micro-meter ranges. In the AFM image, the root-mean-square(RMS)
roughnesses of the substrate and the film were approximately 0.5 and 2.5 nm,
respectively. The OM images of microlens array prepared on a bare PMMA sub-
strate and a PMMA film after the surface treatment with p-DCB are shown in
Figures 4a, b, respectively. The microlenses were fabricated using a 30 mm Microfab
nozzle with 5 drops per lens. In the case of p-DCB treatment, the average lens radii

Figure 2. SEM images of the surface morphologies for (a) a bare PMMA substrate and (b) a
PMMA film after the surface treatment with p-DCB. The insets are the contact angle results.
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decreased and the aspect ratio increased because of improved hydrophobicity. The
average lens aspect ratios shown in Figures 4a, b were approximately 0.023 and
0.077, respectively.

The aspect ratio of microlens as a function of the dipping time in p-DCB solvent
is shown in Figure 5. The aspect ratio peaked at a dipping time of 30 sec and
decreased when the dipping time was more than 30 sec. Too high a dipping time
might presumably lead to less formation of the hydrophobic surface in PMMA films,
which might in turn induce a decrease in the microstructures formed by the phase
separation. 30 sec was ultimately recommended for forming a hydrophobic surface.
Figure 6 show a photograph image of 5.2� 7 cm2 BLU produced by an inkjet
method for a mobile phone. In the BLU, the interval between neighborhood
microlenses was 400 mm and 10 drops per lens were used to make each lens. The aver-
age lens radius and aspect ratio were about 200 mm and 0.05, respectively.

Figure 3. AFM height images in 5� 5mm2 region for (a) a bare PMMA substrate and (b) a
PMMA film after the surface treatment with p-DCB.

Figure 4. OM images of microlens array prepared on (a) a bare PMMA substrate and (b) a
PMMA film after the surface treatment with p-DCB.

242=[518] Y. S. Yang et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

21
 0

8 
A

ug
us

t 2
01

2 



Conclusion

This study has manufactured PMMA microlens arrays on PMMA substrates by
using an inkjet printing technique and a chemical surface treatment. The surface
topologies of optical microlens printed by using a piezoelectric 30 mm-sized Microfab
nozzle via a DOD fashion were researched. The surface of PMMA substrate was
modified chemically with a p-DCB solvent to get a good hydrophobic property
and decrease wetability. The 5.2� 7 cm2 BLU plate with microlens arrays printed
by the inkjet method was fabricated for the application of a mobile phone. In the
BLU, the average lens radius and aspect ratio were approximately 200 mm and
0.05, respectively.

Figure 5. Aspect ratio of microlens as a function of the dipping time in p-DCB solvent.

Figure 6. A photograph image of 5.2� 7 cm2 BLU plate produced by an inkjet method for a
mobile phone. The inset is the OM image of microlens array in the BLU plate.
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