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Abstract 
 

Nanoimprint lithography (NIL) using ultraviolet (UV) rays is a technique in which unconventional lithographic patterns are 
formed on a substrate by curing a suitable liquid resist in contact with a transparent patterned mold, then releasing the freshly pat-
terned material. Here, various solutions are introduced to achieve sufficient overlay accuracy and to overcome the technical chal-
lenges in resist patterning via UV imprinting. Moreover, resist patterning of all the layers in TFT and of the BM layer in CF was 
carried out using UV imprinting lithography to come up with a 12.1-inch TFT-LCD panel with a resolution of 1280x800 lines 
(125 ppi). 
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1. Introduction 
 
The display industry has developed various patterning 

technologies for a low-cost and high-volume production 
process. Moreover, the enormous investment cost of in-
creasing the glass size underscores the necessity of new-
patterning-technology development. Inkjet printing, roll 
printing, and imprinting are the breakthrough candidates 
that can replace the photolithography used in the current 
TFT-LCD manufacturing. 

Display R&D Center (LCD Business., Samsung Elec-
tronics Co.) is working towards new-patterning-technology 
development, and imprinting is one of the new patterning 
technologies that the center is developing. Imprinting has 
been known to replicate the use of a high-resolution pattern 

with a high-fidelity and low-cost equipment. Moreover, im-
printing using ultraviolet (UV) rays is a technique in which 
unconventional lithographic patterns are formed on a sub-
strate using a low-viscosity, UV-curable material on top of a 
traditional resist in contact with a transparent patterned mold, 
after which a freshly patterned material is released [1-3]. 

In detail, a mold is pressed into the UV-curable resist 
on the substrate, and then the sample is exposed to UV irra-
diation to cure the resist layer. The mold is then detached 
from the substrate, leaving the reverse pattern in the poly-
mer layer. The advantage of imprinting is its ability to pat-
tern structures from the micron to nanometer scale at a low 
cost. As the feature size diminishes rapidly, however, a 
grand challenge that remains to be overcome is the fabrica-
tion of dense and complex nanostructures with high aspect 
ratios, and, in this process, completely releasing the mold 
from the patterned substrate becomes essential [4-6]. For 
this reason, a repetition test was successfully carried out 
over two thousand times, and a new method using high-
durability molds with chemically treated surfaces was de-
veloped. Further, these authors’ research center developed 
and exhibited a 2.46” QVGA transflective TFT-LCD panel 
with an imprinted organic-lens array layer for increasing the 
reflectance [7]. 

Based on the one-layer imprinting technology, these 
authors’ research has been extended to resist patterning for 
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all the layers in TFT and for the BM layer in CF. The fabri-
cation of a 12.1” WXGA (1280´800) TN mode TFT-LCD 
panel was achieved as a result of the development of im-
printing resist patterning. 

 
2. Results and Discussion 

 
Conventional photolithography has been replaced with 

imprinting for patterning the resist material, as shown in Fig. 
1. Resists for five layers (from the gate to the pixel) in TFT 
and for the BM layer in CF were patterned via imprinting. 

The process for patterning each layer consists of six 
steps, as follows: layer deposition, resist coating, imprinting, 
ashing to remove the residual layer, etching, and resist strip. 
The process steps for patterning the layer using imprinting, 
which replaced photolithography, are described in Fig. 2. 
During the imprinting process development, overlay accu-
racy, CD (critical dimension) uniformity, resolution, and 
yield were achieved, and through these technical accom-
plishments, a high-quality TFT-LCD panel was obtained. 

To allow sufficient overlay accuracy, these authors’ ef-
forts were focused not only on the improvement of the 

tool’s performance but also on the development of the proc-
ess. As shown in Fig. 3, less than 1 um alignment accuracy 
with the gate layer was obtained in the succeeding four lay-
ers. 

The properties of the imprinting resin and mold were 
investigated with a process factor. It was found that the low 
viscosity of the material was a great advantage in terms of 
high throughput and residual uniformity. The 6 cP material 
was used as the imprinting resin. The microscopic-level 
pattern pitch and the high modulus of the mold made it im-
possible to achieve conformal contact between the mold 
and the substrate by varying the height due to the previous 
patterned layer(s), as seen in Fig. 4. This nonconformal 
contact causes the loss of some resist patterns during the 
ashing process because ashing should be applied until the 
residual layer on the lowest part is completely removed. To 
overcome this problem, compensation should be considered 
in the master design. 

Particle contamination and the bubble defect are the 
main factors that are relevant to the imprinting process 
yield. The influences of the particles and bubbles on the 
pattern were investigated, and it was found that particles are 
generally the sources of the line short. Bubbles, on the other 
hand, cause line disconnection. Fig. 5 shows an abnormal 
pattern caused by particles and bubbles. 

 

Fig. 3. Alignment accuracy with the gate layer and the pattern 
scope image of the succeeding four layers (active, S/D, passiva-
tion, and pixel).

 

Fig. 1. Cross-sectional view through an AMLCD pixel.  Imprint-
ing was applied to resist patterning for five layers in the TFT and 
one layer in CF. 

 

 

Layer Deposition Resist Coating Imprinting

Demolding Etch Strip

Layer Deposition Resist Coating Imprinting

Demolding Etch Strip

Fig. 2. Schematic diagram of the process steps for patterning the
layer via imprinting. 
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Through the imprinting technology, it is expected that  

the display industry will realize a high-resolution pattern 
that will increase the aperture ratio in the TFT device. To 
introduce this advantage of imprinting to the industry, it is 
essential to fabricate the master with a fine pattern. A large 
master (300x400 mm) with a fine pattern with a 1 um space 
as channel length was developed. A sufficient-quality TFT 
was attained through the imprinting process, and a proto-
type 12.1” WXGA (1280×800) TN mode TFT-LCD panel 
was achieved, as shown in Fig. 6(a) and (b), respectively. 

 
3. Conclusions 

 
Resists for five layers (from the gate to the pixel) in 

TFT and for the BM layer in CF were patterned via imprint-
ing. The fabrication of a 12.1” WXGA (1280´800) TN 
mode TFT-LCD panel was achieved through the develop-
ment of imprinting resist patterning. 

 
References 

 
[1] G. Y. Jung, S. Ganapathiappan, D. A. A. Ohlberg, D. L. 

Olynick, Y. Chen, W. M. Tong, and R. S. Williams Dei, 
Nano Letters 4, 1225 (2004).  

[2] F. A. Houle, C. T. Pettner, D. C. Miller, and R. Sooriyaku-
maran, Appl. Phys. Lett. 90, 213103 (2007). 

[3] E. Menard, M. A. Meitl, Y. Sun, J. U. Park, D. J. Shir, Y. S. 
Nam, S. Jeon, and J. A. Rogers, Chem. Rev. 107, 1117 
(2007).   

[4] M. J. Lee, N. Y. Lee, J. R. Lim, J. B. Kim, M. Kim, H. K. 
Baik, and Y. S. Kim, Adv. Mater. 18, 3115 (2006). 

[5] M. Kim, and Y. S. Kim, J. AM. CHEM. SOC. 129, 11304 
(2007). 

[6] N. Y. Lee, and Y. S. Kim, Nanotechnology 18, 415303 
(2007). 

[7] J. Bae, J. Chang, K. Kim, B. Kim, N. Noh, and S. Lim, Oral 
Presentation at International Conference on Nanoimprint 
and Nanoprint technology (NNT’08), Oct, (2008), Kyoto, 
Japan, “Large Area UV Nanoimprint Lithography for TFT-
LCD Devices.” 

  

 

A     A’

Point 1:  5000Å

Point 2
A     A’

Point 1:  5000Å

Point 2

Fig. 4. Pattern scope and SEM image after S/D imprinting. The 
SEM image shows the different thickness residual layers in two 
points. 

 

 

(a)(a) (b)(b)(a)(a) (b)(b)

Fig. 5. Abnormal patterns after the imprinting process caused by 
(a) particles and (b) bubbles. 

 

Fig. 6. (a) Comparison of the TFT properties from imprinting and
photolithography, and (b) picture of the prototype 12.1” WXGA
(1280×800) TN mode TFT-LCD panel. 

[Parts of this work were presented in proceedings of IMID 2009.] 
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