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Abstract

TFT-LCD consists of LCD panel on the top, circuit unit on the side and BLU on
the bottom. The recent development issues of BLU-dependent TEFT-LCD have been
power consumption minimization, slimmerization and size maximization. As a result
of this trend, LED is adopted as BLU instead of CCFL to increase brightness and to
reduce thickness.

In liquid crystal displays, the light efficiency is below 10% due to the loss of light
in the path from a light source to an LCD panel and presence of absorptive
polarizer. This low efficiency results in low brightness and high power consumption.
One way to circumvent this situation is to use a reflective polarizer between
backlight units and LCD panels.

Since a nano-wire grid polarizer has been known as a reflective polarizer, an idea

was proposed that it can be used for the enhancement of the brightness of LCD.
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The use of reflective polarizing film is increasing as edge type LED TV and 3D TV
markets are growing.

This study has been carried out to fabrication of the nano-wire grid
polarizer(NWGP) and investigated the brightness enhancement of LCD through
polarization recycling by placing a NWGP between an ¢ and a backlight unit.

NWGPs with a pitch of 200nm were fabricated using laser interference lithography
and aluminum sputtering and wet etching. And The NWGP fabrication process was
using by the UV imprinting and was applied to plastic PET film.

In this case, the brightness of an LCD with NWGPs was 1.21 times higher than
that without NWGPs due to polarization recycling.

Key-word: TFT-LCD display, LCD panel, nano-wire grid polarizer(NWGP),

brightness enhancement.
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Figure 1. Schematic of polarization recycling principle using NWGP.
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Figure 2. Schematic of brightness enhancement principle using NWGP.
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Figure 3. Schematic illustration of NWGP processing.
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Figure 4. Schematics of fabrication process of metal nano-wire grid polarizer.
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Figure 5. A schematic Structure of NWGP.
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Figure 6. Measured Cross—sectional FIB SEM photograph of NWGP. The grating has

a pitch 200nm, width 71lnm and height 112nm of aluminum wire grid polarizer.
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Figure 9. The dependence of the P-wave Transmittance of the 200nm pitch and Al

150nm height NWGP on the incident angle simulated as a function of various Al
width; (a) 100nm, (b) 80nm, (c) 60nm, (d) 40nm at 400nm wavelength.
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(f)
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Figure 10. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 60nm width, on the incident angle simulated as a function of various
Al height; (a) 40nm, (b) 50nm, (c) 60nm, (d) 70~80nm, (e) 100~120nm, (f) 150~
170nm, (g) 200nm, (h) 220nm, (i) 240nm at 400nm wavelength.
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Figure 11. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 40nm~60nm width, on the incident angle simulated as a function of
various Al width; (a) 40nm, (b) 60nm, (¢) 80nm, (d) 100nm at 400nm wavelength.

- 115 -



gl ets] A 299 Al 3% 2011,

%S W, P A3 FaEs AlEHo|AE
éiﬂr, Figure 12, 137} #Zo] W H3$ZFo] Qv AT EF 73 FHE&E HEWA
, SI0; EYW HEFE 250nm SH S WE YA 35~45% FREelA P HFeo] dA
0}71] golx = dAo]l YERT ol A NWGPE A3 S uw @y odor o
Bu= yellowing @743 #do] S oz oddrt. v ¢tolo]e ¥ A7} 150nm
olal, dFnFo =o] 220nm, ¥ 40nmo E A3, 250nm Si0, AHd H-Fo wWE P
HPo FHES AEY oA 3 Z¥ Figure 149} Zo] 200nm I XA EA3= 5F
YA Aol A AA D] Fabgo] Folus @Ao]l YA Fouh

(a)

(b)
Figure 12. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 220nm height and 40nm width, on the incident angle simulated (a)
without 250nm SiO., (b)with 250nm SiO, at 400nm wavelength.
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(b)
Figure 13. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 50nm height and 40nm width, on the incident angle simulated (a)
without 250nm SiOs, (b) with 250nm SiO, at 400nm wavelength.
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Figure 14 The dependence of the P-wave Transmittance of (a) the 200nm pitch
NWGP which has Al 220nm height and 40nm width and (b) 150nm pitch NWGP
which has Al 220nm height and 40nm width, on the incident angle simulated with
250nm SiO, top layer at 400nm wavelength.
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Figure 15. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 220nm height and 40nm width, on the incident angle simulated as a
function of Refractive Index(R.I) (a) 1.53, (b) 1.47, (c) 1.43 at 400nm wavelength.
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Figure 16. The dependence of the P-wave Transmittance of the 200nm pitch NWGP
which has Al 40nm height and 40nm width, on the incident angle simulated as a
function of Refractive Index(R.I) (a) 1.53, (b) 1.47, (c) 1.43 at 400nm wavelength.
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Figure 17. The comparision of color coordinate between NWGP and DBEF on (a)
Wx at measuring angle 45 degree, (b) Wx at measuring angle 130 degree, (c) Wy at

measuring angle 45 degree, (d) Wy at measuring angle 130 degree.
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Figure 18. The comparision of angular distribution of the luminance between
DS+prism and DS+prism+NWGP, DS+prism+DBEF film combination.
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Table. 1 FWHM on the each Configuration of Optical Films(DS Indicate Diffuser
Film).

Configuration DS+Prism DS+Prism+DBEF DS+Prism+NWGP
FWHM (Horizontal)(°) 47 ~ +46 45 ~ +44 47 ~ +46
FWHM (Vertical)(°) -52 ~ +51 -53 ~ +52 -52 ~ +b1
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Figure 19. The comparision of FWHM between DS+prism and DS+prism+NWGP,
DS+prism+DBEF film combination.
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Table 2. Measured Luminance and Color Coordinate Wx, Wy of the NWGP and
DBEF compared to DS+Prism Film Configuration in 17inch LCD Module
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