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Abstract. Nanopatterning of an ecofriendly antiglare film derived from bio-
mass using an ultraviolet curing nanoimprint lithography is reported.
Developed sugar-related organic compounds with liquid glucose and tre-
halose derivatives derived from biomass produced high-quality imprint
images of pillar patterns with a 230-nm diameter. Ecofriendly antiglare
film with liquid glucose and trehalose derivatives derived from biomass
was indicated to achieve the real refraction index of 1.45 to 1.53 at
350 to 800 nm, low imaginary refractive index of <0.005 and low volumetric
shrinkage of 4.8% during ultraviolet irradiation. A distinctive bulky glucose
structure in glucose and trehalose derivatives was considered to be effec-
tive for minimizing the volumetric shrinkage of resist film during ultraviolet
irradiation, in addition to suitable optical properties for high-definition dis-
play. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0 Unported
License. Distribution or reproduction of this work in whole or in part requires full attribution of the
original publication, including its DOI. [DOI: 10.1117/1.JMM.12.3.031113]
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1 Introduction
Optical films such as antireflection film and antiglare film
are used in liquid crystal display and electroluminescence
display. The films remove glare from glass and plastic
while enhancing richer colors, deeper blacks and main-
taining sharper images and uniformity. As the pixel size
of a display unit become smaller, the influence of display
image qualities on reflection of surrounding scenery is criti-
cal. An antiglare film with the optical performance, such as
high transparency and suitable refraction index in high-
definition display, which has a small pixel size, is one of the

keys to improving the reflection of the surrounding scenery
in a high-definition display surface.

A traditional antiglare film is created from a blend of
nanoparticles in a polymer matrix or some blended polymers
with different refractive indices. The antireflection coating
layer of ZnO film was reported on glass.1 Anodic porous alu-
mina nanostructures have been fabricated with tapered and
cylindrical pores for a biomimetic antireflecting surface.2

3-(Trimethoxysilyl) propyl methacrylate and fluoroalkylsi-
lane modified silica particles were developed for antiglare
film.3 The effects of the solvents in coatings and process
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temperature on the haze of antiglare films were evaluated.4

Antiglare films with various inner haze and outer haze were
fabricated by using light-scattering particles.5

As an alternative to photolithography processes to obtain
various nanostructures, ultraviolet curing nanoimprint
lithography has been proposed and pursued in creating
nanostructures.6–11 Ultraviolet curing nanoimprint lithogra-
phy has existed for several years and has demonstrated
great potential for advanced electronic nanofabrication
endeavors in the industrial production of many semiconduc-
tors, hard disk drive storage devices, light-emitting diodes,
solar cell devices, actuators, biosensors, and microelectro
mechanical systems. Ultraviolet curing nanoimprint lithogra-
phy to yield optical structures is being pursued in optics and
photonics to yield low-cost optical components. This is one
of the several emerging lithography technologies for low-cost
and high-throughput fabrication of polymer optical films.
Nanoimprint lithography reduces costs by eliminating the
expensive radiation sources and precision optics needed for
photolithographic systems.

The methodology used in our previous studies is useful in
evaluating the work described in this article. In our previous
studies,12–15 a series of lactulose, glucose, trehalose, dextrin,
and cyclodextrin derivertives in resist materials and the
underlayer derived from biomass were developed as candi-
date materials for advanced photolithography and nanoim-
print lithography. These raw materials are a good source
of energy and carbon instead of oil resources and are present
in a wide variety of sugar-related organic compounds includ-
ing plants, bacteria, yeast, fungi, insects, and invertebrates.
These sugar-related organic compounds are soluble in a vari-
ety of organic solvents and are suitable for high refractive
index and diffraction gratings with subwavelength structures
in optical applications due to rigid ring structures of glucose
units and their excellent optical clarity at wavelengths from
250 to 2000 nm. In general, these materials have a chemical
structure with results in a refractive index of 1.45 to 1.55 for
wavelengths between 250 and 2000 nm.

Most antiglare films are optical polymers derived from
oil. However, little is known about ecofriendly antiglare
films derived from biomass using ultraviolet curing nano-
imprint lithography. The solutions of antiglare films are
expected to be easily formed into nanostructured materials
by nanoimprint lithography processes such as molding, cast-
ing, stamping, embossing, etc., which lead to rapid low-cost
shaping for advanced high-definition liquid crystal displays
and electroluminescence displays with high transparency
and a suitable index of refraction.

This article presents the progress in developing the new
ecofriendly nanoparticles-free antiglare film of sugar-related
organic compounds derived from biomass and evaluates the
transparency, refractive index, nanopatterning properties,
and volumetric shrinkage of antiglare film in the cross-link-
ing process of ultraviolet curing nanoimprint lithography.

2 Experimental Procedure

2.1 Preparation of Sugar-Related Organic
Compounds

Two specific glucose and trehalose derivatives with ultravio-
let curable acryloyl groups were synthesized as sugar-related
organic compounds derived from biomass for minimizing

volumetric shrinkage of resist film during ultraviolet poly-
merization and obtaining a suitable refractive index. The
chemical structures of sugar-related organic compounds in
antiglare film derived from biomass are shown in Fig. 1.
These glucose and trehalose derivatives have five to seven
ultraviolet curable acryloyl groups instead of hydroxyl
group of glucose and trehalose. The resulting sugar-related
organic compounds were subjected to a gel permeation chro-
matography system (GPC; HLC-8320GPC EcoSEC, Tosoh).
GPC uses two separation columns of SuperAW3000 and
SuperAW-H (TSK-GEL, Tosoh) and N, N-dimethylforma-
mide. A column temperature was maintained at 40°C, and
the solvent flow rate was set at 0.8 ml∕min. The weight
average molecular weights of glucose and trehalose deriva-
tives were 700 and 1200, respectively, in terms of the stan-
dard polystyrene.

Isobornyl methacrylate, 2-methyl-1-phenyl-propan-2-ol,
and synthetic additives were blended with these specific glu-
cose and trehalose derivatives. Isobornyl methacrylate was
used as a diluent for improving the coating properties and
2-methyl-1-phenyl-propan-2-ol was also used as a liquid
radical initiator for ultraviolet curing reaction. The developed
material of antiglare film was named TPU-AGF-Green1. The
specific glucose and trehalose derivatives with photocurable
acryloyl groups in TPU-AGF-Green1 are liquids at room
temperature, nonsolvent system, low viscosity, and low sur-
face free energy for ultraviolet curing nanoimprint lithogra-
phy. The low viscosity of antiglare material using ultraviolet
curing nanoimprint lithography can be expected to fill the
topography of template (mold) in the condition of low
imprint pressure. The viscosity was measured by a rheometer
(Visco Analyzer VAR100, Reorojika). The viscosity of TPU-
AGF-Green1 was 30 cP at 25°C, which makes the material
suitable for ultraviolet curing nanoimprint lithography system.

In addition, the surface free energy of nanoimprint mate-
rial plays a key role in the smooth filling of the relief images
in the imprint template prior to the ultraviolet curing process.
The contact angles of water, n-hexadecane, and diiodome-
thane on TPU-AGF-Green1 layer were measured using a
dynamic contact angle analyzer (DropMaster500Z, Kyowa
Interface Science) as follows (analysis method: θ∕2 method,
drop amount: 1.0 μl, measurement time after droping: 1.0 s).
The surface free energy of TPU-AGF-Green1 was calculated
using the reported surface free energy components of
water, n-hexadecane, and diiodomethane, together with the

Fig. 1 Chemical structures of (a) trehalose derivatives and (b) glucose
derivatives, (c) isobornyl methacrylate, and (d) 2-methyl-1-phenyl-
propan-2-ol in ecofriendly antiglare film derived from biomass.
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experimental contact angles of water, n-hexadecane, and
diiodomethane on TPU-AGF-Green1 layer in Owens who
extended the Fowkes concept.16–18 The surface free energy
of TPU-AGF-Green1 was 43 mJ∕m2. The structure of sugar-
related organic compounds derived from biomass contributes
to lowering the viscosity, while the photocurable acryloyl
groups in TPU-AGF-Green1 provide an acceptable surface
free energy in the fundamental evaluation of eco-friendly
antiglare film with liquid glucose and trehalose derivatives.

Two specific glucose and trehalose derivatives with dis-
tinctive bulky structures were expected to decrease the film
thickness shrinkage during ultraviolet irradiation process of
nanoimprinting. In order to adjust the ultraviolet curing time
to <5 min during ultraviolet irradiation, the concentrations
of acryloyl groups were controlled in TPU-AGF-Green1.
The design concepts of antiglare film using the sugar-related
organic compounds derived from biomass are first demon-
strated for next generation optical devices using ultraviolet
curing nanoimprint lithography.

2.2 Double Ultraviolet Curing Nanoimprint
Lithography Using Disposable Replica Template

In order to avoid defective issues on the master template and
create a manufacturable process, a double ultraviolet curing
nanoimprint lithography was used to make a disposable rep-
lica template. This process was then applied to evaluate both
size and pitch uniformity of pillar patterns. Ultraviolet curing
nanoimprint lithography requires repetitious mechanical
contact between a template and the resist material to replicate
the template patterns. Figure 2 shows the flowchart of double
ultraviolet curing nanoimprint lithography using the dispos-
able SiO2 replica template from a polyolefin-based master
template with pillar patterns of 230-nm diameter and 200-
nm height. The diameter of the circle polyolefin-based
master template was 10 mm. The polyolefin-based sheet was
purchased as a master template from SCIVAX. SiO2-based
materials of replica template were dropped on to the glass
sheet. Silicone elastomer and curing agent Sylgard 184
(Dow Corning) were prepared as SiO2-based material for
the replica template. The SiO2-based material of replica
template was blended and dispensed on a glass sheet after
deforming at 50°C for 12 h. The master template was then
brought into contact with SiO2-based materials of replica
template, such that the recesses in the glass sheet were filled
through capillary force at room temperature for 30 min. Once
SiO2-based materials of replica template had completely
filled the features on the master template, thermal curing

was maintained at 40°C for 1 to 2 h using thermal nanoim-
print lithography. The master template was then removed
from the replica template. The resist material TPU-AGF-
Green1 was dispensed onto the underlayer, and TPU-NIL-
U01 was used as the adhesion layer.19,20 TPU-NIL-U01 was
manually dispensed and spun to the appropriate thickness
based on the dry etching processes and then polymerized
at 200°C for 60 s. TPU-AGF-Green1 was pressed with the
replica template and was filled at room temperature for 120 s.
The imprint force was 60 N. TPU-AGF-Green1 was then
irradiated by brief ultraviolet irradiation, forming the desired
pattern with pillar patterns of 230-nm diameter and 200-nm
height. Ultraviolet irradiation was carried out by using a
metal halide lamp system (Sun Energy, broad band targeted
for the 365-nm peak, ultraviolet exposure dose: 40 mW∕cm2

for 5 min). Ultraviolet irradiation of TPU-AGF-Green1 with
ultraviolet curable acryloyl groups through the quartz plate
leads to the radical polymerization in the imprinted area. The
replica template is then removed leaving the inverted three
dimensional replica of the pattern formed in the polymerized
resist material. This process was repeated across the wafer,
similar to the double nanoimprint lithography using replica
template from a master template. The pattern profiles were
observed by scanning probe microscopy (SPM; Shimadzu
SPM-9700).

Figure 3 shows replication of several imprint process
cycles. This technology enables the fabrication of three-
dimensional (3-D) patterns and very small structures that
have features on the order of 200 nm or smaller.21–27 Nano-
fabrication provides greater process control while allowing
continued reduction of the minimum feature dimensions
of the structures formed. In ultraviolet curing nanoimprint
lithography, low volumetric shrinkage of the material during
ultraviolet irradiation strongly influences nanopattern pro-
files and high-processing accuracy.

2.3 Ultraviolet Curing Properties of Antiglare Film
TPU-AGF-Green1 Derived from Biomass

Nanoimprint lithography must deal with concerns over
generated defects due to the repetitious mechanical contact
between the template and a nanoimprint material. The
progress of the ultraviolet cross-linking reaction and ultra-
violet curing properties of antiglare film TPU-AGF-Green1
derived from biomass were evaluated in Fig. 4, in order
to induce the anti-adhesion of TPU-AGF-Green1 to the
template.Fig. 2 Flowchart of double ultraviolet curing nanoimprint lithography.

Fig. 3 Replication of several imprint process cycles.
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FTIR also has efficacy as bonding configuration analysis
of ultraviolet curable acryloyl groups during the ultraviolet
irradiation. The peak at around 1640 cm−1 corresponding to
C ¼ C stretching vibration of ultraviolet curable acryloyl
groups in sugar-related organic compounds such as glucose
derivatives, trehalose derivatives, and isobornyl methacry-
late as a diluent for improving the coating properties was
measured using ATR-FTIR spectroscopy SpectrumTwo
(PerkinElmer, Kanagawa, Japan). The peak at around
1720 cm−1 was also measured to the C═O stretching vibra-
tion of carbonyl groups in 2-methyl-1-phenyl-propan-2-ol as
a liquid radical initiator for ultraviolet curing reaction.

In addition to the above change of concentration of
ultraviolet curable acryloyl groups in TPU-AGF-Green1, a
stripping test was performed to determine the resistance of
TPU-AGF-Green1 to the solvents, in order to obtain anti-
adhesion information of the nanoimprint material to the
replica template. The solutions of the above solvent diluted
nanoimprint material of TPU-AGF-Green1 were spun onto
the prepared under layer TPU-NIL-U01 at 1500 rpm for
60 s and then polymerized in ultraviolet polymerization at
40 mW∕cm2 for 5 min. The thickness of TPU-AGF-Green1
on TPU-NIL-U01 was then measured using a thin film meas-
urement system F20-UV (Filmetrics, Kanagawa, Japan). The
thickness of TPU-AGF-Green1 was ∼200 nm. The wave-
length range of 300 to 700 nm and the reflectance from the
top and bottom of the layer were used. Ethyl lactate, cyclo-
hexanone, propylene glycol monomethyl ether, and propyl-
ene glycol monomethyl ether acetate were dispensed on the
coated film of TPU-AGF-Green1. After 2 min, TPU-AGF-
Green1 was spin dried at 1500 rpm for 1 min and at
5000 rpm for 2 min. The thickness of TPU-AGF-Green1
was then measured again. The amount of stripping was deter-
mined to be the difference between the initial and final thick-
nesses of TPU-AGF-Green1.

2.4 Volumetric Shrinkage of TPU-AGF-Green1
Derived from Biomass During Ultraviolet
Irradiation

In order to obtain higher processing accuracy of ultraviolet
curing nanoimprint lithography, low volumetric shrinkage of
material as one of key factors was evaluated in ultraviolet

curing reactions of radical and polymerization using ultra-
violet curable acryloyl groups. Low volumetric shrinkage
of material during ultraviolet irradiation influences nano-
pattern profiles and high-processing accuracy. In order to
evaluate the amount of volumetric shrinkage of TPU-AGF-
Green1, the difference between the initial and final thick-
nesses was measured in the following ultraviolet irradiation
process. The film thickness shrinkage of the ultraviolet irra-
diation process was calculated from the difference of film
thickness on substrates by a use of the thin film measure-
ment system before and after the ultraviolet irradiation.
The solutions of the solvent diluted nanoimprint material of
TPU-AGF-Green1 were spun onto a 100-mm silicon wafer
for 60 s and then polymerized in ultraviolet polymerization at
40 mW∕cm2 for 5 min. The thickness of TPU-AGF-Green1
was ∼300 nm. Ultraviolet irradiation was carried out by
using the above metal halide lamp system (broad band
targeted for the 365-nm peak, ultraviolet exposure dose:
10 J∕cm2). The thicknesses of TPU-AGF-Green1 were again
measured after the ultraviolet irradiation process. The
amount of film thickness shrinkage of ultraviolet irradiation
process of TPU-AGF-Green1 was calculated to be the differ-
ence between the initial and final thicknesses.

To compare the film thickness shrinkage of materials,
a referenced nanoimprint material consisting of isobornyl
acrylate (50 wt%) as the etch resist, ethylene glycol diacry-
late (20 wt%) as the crosslinker, n-butyl acrylate (27 wt%) as
the diluent, and 2-hydroxy-2-methyl-1-phenyl-1-propanone
(3 wt%) as the photoinitiator was prepared as the first refer-
ence. This referenced material with acrylate group for radical
polymerization was named as Ref-Acrylate, and a com-
mercially available resist material chosen as the second refer-
ence was mr-UVCur06 (Micro Resist Technology, Berlin,
Germany) with unknown ultraviolet reactive groups for
polymerization.

2.5 Optical Transparency and Refraction Index of
TPU-AGF-Green1 Derived from Biomass

Properties of an antiglare film include a high transparency of
>99% and a refraction index between 1.45 and 1.53 for
wavelengths ranging from 350 to 800 nm. The real refractive
index (n-value) and imaginary refractive index (k-value) of

Fig. 4 Ultraviolet curing properties by (a) Fourier transform infrared spectroscopy and (b) solvent stripping processes.
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TPU-AGF-Green1 were measured using a GES5E ellipsom-
eter (SOPRALAB, Kanagawa, Japan). The solutions of
the above solvent diluted nanoimprint material of TPU-
AGF-Green1 were spun onto a 200-mm silicon wafer at
3000 rpm for 60 s and then polymerized in ultraviolet
polymerization at 40 mW∕cm2 for 5 min. The thickness
of TPU-AGF-Green1 was ∼70 nm. TPU-AGF-Green1 was
evaluated to be applicable to future development of antire-
flective material with subwavelength structures and suitable
refractive index material as a chemical design of sugar-
related organic compounds derived from biomass.

2.6 O2 Gas Barrier Properties of TPU-AGF-Green1
Derived from Biomass

O2 gas barrier properties in TPU-AGF-Green1 and a refer-
enced polyethylene with a weight average molecular weight
of 15,000 and a polydispersity of 2.7 were measured by
gas barrier testing system GTR (GTR Tec, Kyoto, Japan).
TPU-AGF-Green1 and the referenced polyethylene were
casted on a stainless mesh and baked on a hotplate at
250°C for 300 s after prebaking at 120°C for 60 s. The thick-
ness of TPU-AGF-Green1 and the referenced polyethylene
were ∼11 μm.

3 Results and Discussion

3.1 Ultraviolet Curing Properties of TPU-AGF-Green1
Derived from Biomass

The separation and release of the template from TPU-AGF-
Green1 are crucial to the high-processing accuracy of the
lithographic patterns.

Figure 5 shows the time-dependent FTIR spectra of TPU-
AGF-Green1 in the spectral range from 1500 to 1900 cm−1.
A peak at around 1640 cm−1 corresponding to C═C stretch-
ing vibration of ultraviolet curable acryloyl groups and also
the peak at around 1720 cm−1 corresponding to the C═O
stretching vibration of carbonyl groups was observed in
TPU-AGF-Green1. Time-dependent FTIR spectra of TPU-
AGF-Green1 indicated an obvious decrease of both C═C
stretching vibration of ultraviolet curable acryloyl groups
and C═O stretching vibration of carbonyl groups.

In addition, stripping tests using cyclohexanone, propyl-
ene glycol monomethyl ether, and propylene glycol mono-
methylether acetate showed no detectable changes in the film

thickness (∼200 nm) of TPU-AGF-Green1. The developed
sugar-related organic compounds derived from biomass of
TPU-AGF-Green1 were shown to be polymerized on the
basis of its solvent resistance.28,29

It was obvious that eco-friendly antiglare film TPU-AGF-
Green1 derived from biomass was polymerized by ultraviolet
irradiation, in order to avoid generating the defects when sep-
arated TPU-AGF-Green1 from disposable replica template.

3.2 Ultraviolet Curing Nanoimprint Lithography of
TPU-AGF-Green1 Derived from Biomass

SPM images of master template with pillar patterns of 230-
nm diameter and 200-nm height and TPU-AGF-Green1 in
the single ultraviolet curing nanoimprint lithography without
a disposable replica template are shown in Fig. 6. The
reversed pattern of 230-nm diameter in TPU-AGF-Green1
was resolved using the above process conditions. TPU-AGF-
Green1 derived from biomass indicated specific desired
properties of ultraviolet curing nanoimprint lithography.
Figure 7 shows the SPM images of the same master template,
the imprinted disposable replica template using the master
template, and the imprinted TPU-AGF-Green1 patterning
profiles in the double ultraviolet curing nanoimprint lithog-
raphy using disposable replica template. The great anti-adhe-
sion of TPU-AGF-Green1 and disposable replica template in
5 × 5 μm2 areas was effective in avoiding the disposable rep-
lica template contamination when the disposable replica tem-
plate was removed from TPU-AGF-Green1 after ultraviolet
irradiation. Figure 8 also shows the microscope image of the
imprinted TPU-AGF-Green1 patterning profiles in approxi-
mately 14 × 14 μm2 areas. The chemical modification of
ultraviolet curing reactions was considered to be effective
for obtaining the rounded pattern profiles. The validity of
our new approach of material design using the sugar-related
organic compounds derived from biomass with ultraviolet
curable acryloyl groups was confirmed experimentally for
ecofriendly antiglare film.

In addition, the size uniformity of diameter and the pitch
in pillar patterns after double nanoimprint processes were
obtained on five different areas within the 10-mm diameter
circle such as the center, upper, left, right, and under of
master template and TPU-AGF-Green1 as shown in Fig. 9.
According to the measurement result of the diameter and the
pitch by calculating the sharpness of SPM images on master
template and TPU-AGF-Green1, the size biases of diameter
and the pitch between master template and TPU-AGF-Green1

Fig. 5 Time-dependent Fourier transform infrared spectroscopy
(FTIR) spectra of TPU-AGF-Green1.

Fig. 6 Scanning probe microscopy (SPM) images of master template
with pillar patterns of 230 nm diameter and TPU-AGF-Green1 in sin-
gle ultraviolet curing nanoimprint lithography.
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were only 20 nm. The measured result of diameter and
the pitch of master template and TPU-AGF-Green1 were
considered to be variability of the data by calculating the
sharpness of SPM images in five different 5 5 μm2 areas,
and the result of diameter and the pitch seem random with
central size of 230-nm diameter. We attribute the 20-nm
variation in the diameter and the pitch to SPM measurement
used for this work.

The processing accuracy of TPU-AGF-Green1 was con-
sidered to be acceptable to fabricate the basic study for opti-
cal materials derived from biomass with subwavelength
structures of 350 to 800 nm required in the antiglare film
of liquid crystal display and electroluminescence display.
The relationship between chemical modification of ultravio-
let curing reactions and processing accuracy of height in
TPU-AGF-Green1 should be carefully investigated in future
studies.

3.3 Volumetric Shrinkage of TPU-AGF-Green1
Derived from Biomass During Ultraviolet
Irradiation

Film thickness shrinkage of ultraviolet curing process of
TPU-AGF-Green1 was 4.8%. The above referenced acryl-
based resist material [isobornyl acrylate (50 wt%), ethylene
glycol diacrylate (20 wt%), n-butyl acrylate (25 wt%), a pho-
toinitiator, and tridecafluro-1,1,2,2-tetrahydrooctyldimethyl-
chlorosilane (2 wt%)] and mr-UVCur06 had the film
thickness shrinkage of ultraviolet curing process of 8.9%
and 8.7%, respectively. TPU-AGF-Green1 indicated a lower
film thickness shrinkage of ultraviolet curing process than
the two referenced resist materials. The starting thicknesses
for all the samples tested were ∼300 nm. The distinctive
bulky glucose structures in sugar-related organic compounds
derived from biomass were considered to be effective for
minimizing volumetric shrinkage during ultraviolet irradia-
tion. In addition to the demonstration of antiglare film with
new chemical structures for environmentally compatible
fabrication, low cost, and high manufacturability, the effect
of the bulky chemical structure in glucose and trehalose
derivatives for minimizing the film shrinkage was investi-
gated to achieve the nanoimprint images of pillar patterns
with high-processing accuracy.

Oxetane and epoxy polymerization as one of cationic
ultraviolet chemical reactions is expected to be of consider-
able benefit in minimizing volumetric shrinkage during ultra-
violet irradiation in the next material design of antiglare
film. The approach of adding oxetane or epoxy group as
photoreactive side-chain functionality into the distinctive
bulky glucose structures in sugar-related organic compounds
derived from biomass is considered to be a key in the char-
acterization of advanced nanoimprint materials.

3.4 Optical Transparency and Refraction Index of
TPU-AGF-Green1 Derived from Biomass

Figure 10 shows the dependence of wavelength on (a) real
refractive index and (b) imaginary refractive index (k-value)

Fig. 8 Microscope image of TPU-AGF-Green1 in 14 × 14 μm2 areas.

Fig. 9 Size uniformities of diameter and the pitch of master template
and TPU-Green1 with pillar patterns.

Fig. 7 SPM images of master template with pillar patterns of 230 nm diameter, replica templates and TPU-AGF-Green1 in double ultraviolet curing
nanoimprint lithography.
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of TPU-AGF-Green1. TPU-AGF-Green1 was indicated to
achieve a real refraction index of 1.45 to 1.53 at 350 to
800 nm and an imaginary refractive index of <0.005 at
350 to 800 nm. Therefore, TPU-AGF-Green1 has suitable
optical transparency and refractive index for an antiglare
film and is suitable for future development of antireflective
material with subwavelength structures and refractive index
material of 1.45 to 1.53 at 350 to 800 nm as a chemical
design of sugar-related organic compounds derived from
biomass.

3.5 O2 Gas Barrier Properties of TPU-AGF-Green1
Derived from Biomass

O2 gas barrier properties of TPU-AGF-Green1 and the ref-
erenced polyethylene were compared to calculate O2 trans-
mission rate in 10-μm film thickness. It was found that the
O2 transmission rate of 1.4E-11 cm3 · cm∕cm2 · sec · cmHg
in TPU-AGF-Green1 was less than that of 2.8E-10
cm3 · cm∕cm2 · sec · cmHg in the referenced polyethylene.
It was confirmed that TPU-AGF-Green1 had great O2 gas
barrier properties owing to radical polymerization by ultra-
violet curable acryloyl groups in sugar-related organic com-
pounds such as glucose derivatives, trehalose derivatives,
and isobornyl methacrylate in the baking.

4 Conclusion
We reported the progress in the formulation of sugar-related
organic compounds derived from biomass for antiglare film
using ultraviolet curable nanoimprint lithography for liquid
crystal display and electroluminescence display. The sugar-
related organic compounds derived from biomass have been
developed and have a real refraction index of 1.45 to 1.53 at
350 to 800 nm, low imaginary refractive index of <0.005,
and low volumetric shrinkage of 4.8% during ultraviolet
irradiation. The new sugar-related organic compounds with

ultraviolet curable acryloyl groups produced high-processing
accuracy of nanostructure images with pillar patterns of
230-nm diameter in the conditions of ultraviolet curable
nanoimprint lithography. The sugar-related organic com-
pounds indicated one effect of the ring components contain-
ing bulky disaccharide for suitable optical properties. Further
optimization such as the concentration of ultraviolet curable
groups in sugar-related organic compounds is expected
to clearly resolve nanopatterning profiles. The proposed
sugar-related organic compounds derived from biomass
are expected to be effective in promoting the future produc-
tion of advanced nanoimprint lithography using a source of
energy and carbon instead of oil resources.
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