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Characterization of TFT and LTPS TFT-LCD Display
Panels by Spectroscopic Ellipsometry

Nataliya Nabatova-Gabain, Mélanie Gaillet - Application Scientists - Thin Film Division

The thin-film transistors which drive the individual cells in the overlying liquid crystal layer in traditional
active-matrix displays are formed from amorphous silicon (a-Si) deposited on a glass substrate. The
advantage of using amorphous silicon is that it doesn't require high temperatures, so fairly
inexpensive glass can be used as a substrate. A disadvantage is that the non-crystalline structure is a
barrier to rapid electron movement, necessitating powerful driver circuitry.

It was recognized early on in flat-panel display research that a  Poly crystalline layers are often modelled by a mixture of c-Si
crystalline or polycrystalline (an intermediate crystalline stage  and a-Si using the Effective Medium Approximation. It allows
comprising many small interlocked crystal) of silicon would be  to determine the material composition inside the layer and
a much more desirable substance to use. Unfortunately, this  hence the crystallinity.

could only be created at very high temperatures (over 1000°C),
requiring the use of quartz or special glass as a substrate. How-
ever, in the late 1990s monufoc’rurmg advances allowed the
development of low-temperature polysilicon (p-Si) TFT dis-
plays, formed at temperatures orounJ 450°C. Inmolly, these

Characterization of a-Si panels

Three layers of silicon and a fop native oxide were used to de-

velv devi hih Jonl it scribe accurately the device. The sensitivity of the ellipsometry
were used extensively in devices which required only small dis- technique allows the characterization of materials with similar

plays, such as projectors and digital cameras. optical constants (around 0.1), such as those exhibited by the

One of the largest cost elements in a standard TFT panel is the high and low deposition rate (HDR/LDR), and doped a-Si ma-
external driver circuitry that requires a large number of external  45iqls. !

connections from the glass panel as each pixel has its own con-
nection to the driver circuitry. This requires discrete logic chips Nt e
arranged on PCBs around the periphery of the display, limiting

the size of the surrounding casing. A major attraction of p-Si Doped a-Si 300 ~ 500 A
technology is that the increased efficiency of the transistors al- -
lows the driver circuitry and peripheral electronics to be moﬂe HDR a-Si 1300 ~1700 A
an integral part of the display. This considerably reduces the :

number of components for an individual display. The technol- LDR a-Si 100 ~ 500 A
ogy will yield thinner, brighter panels with better contrast ratios, Insulator Material
and allow larger panels to be fitted into existing casings.

Glass

Experimental

The non-destructive characterizations of a-Si and Low Temper-
ature Poly Silicon TFT-LCD panels were successfully carried out
by spectroscopic ellipsometry. The ellipsometric data were col-
lected at an angle ofnodence of 70° across the spectral range
1.5-5 eV using the HORIBA Jobin Yvon UVISEL spectroscopic
ellipsometer.

Spectroscopic ellipsometry was used to characterize both thick- n as
nesses and optical constants of TFT-LCD devices. Moreover the
grain size of p-Si materials was investigated during the study. 30
The optical constants of silicon materials depend strongly on "y T
process conditions. ' 3.3 igh arpostion
The optical properties of amorphous silicon layers are gener- o2
ally calculated using the Tauc Lorentz or new amorphous dis- 4 Fron enviton >
persion formula included in the materials library of the
DeltaPsi2 software.

HORIBA JOBIN YVON

Explore the future HORIBA



" \ - Y
. Sp-egfroscopr f:_-]hpggq:,.

Characterization of LTPS panels

>Thickness and optical constants determination

The model below was used to characterize the LTPS device. The
LTPS TFT-LCD display uses the technology of laser annealing
to produce highly crystalline silicon films.

Native oxide
LT p-Si (c-Si + a-Si)
Substrate

Several experiments were carried out at different laser power.
A shift in the optical constants was observed indicating that the
crystallinity increases versus laser power.
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From this formula the nine samples processed with increasing
laser power show two distinctly different curves.

The blue curve represents the good process parameters for a
good crystallinity of LTPS layers, the usable energy range of la-
ser power is relatively wide. The pink curve clearly illustrates
that above the optimal energy, the grain size drops sharply.

> The graphics below show the excellent correla-
tion between the Raman and spectroscopic
ellipsometry techniques for characterizing the
crystallinity of the samples
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> Grain size determination of p-Si

The grain size of the p-Si can be calculated by the following
formula:

A
1_‘psi(d) - 1_‘csi T

W

I': broadening parameter
d: grain size
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Conclusion

Spectroscopic ellipsometry is an excellent technique for the
highly accurate characterization of TFT-LCD display panels
based on a-Si and LTPS technologies. Owing to the sensitivity
of the UVISEL spectroscopic ellipsometer and the advanced
modeling features included in the DeltaPsi2 software it is pos-
sible to detect in a multistack different a-Si layers processed by
various methods. Moreover the spectroscopic ellipsometry
measurements allow determination of the grain size of p-Si
films and illustrate the ability to characterize the crystallinity of
silicon with high accuracy.

Find us at www.jobinyvon.com or telephone:

USA: +1-732 494 8660 France: +33 (0)1 64 54 13 00 Japan: +81 (0)3 3861 8231
Germany: +49 (0)89 462317-0  UK: +44 (0) 20 8204 8142 Italy:  +39 02 57603050
China:  +86 (0)10 68492216  Other Countries: +33 (0)1 64 54 1300

Explore the future

HORIBA

This document is not contractually binding under any circumstances - Printed in France - 01/2006



