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Study of Properties of HfO, thin film for Low Power Mobile
Information Device

Won Bae Kim*, Ho Young Lee”

&
3 Q5] o] 2% AZE HHO, wEhe o] 88 A4t aZ o] ZeldEZS Aojgho M, e FEAWNAE iAo
TEY 5 g = EAS AT HIO, Wete) A7) 70) 53 BelA B frige] v

)
il 1t
A LA e aeka gt 19k o] g HIO, vhete] HAJulskg
[e]
o

2 Flstel
o). 53] HO, sl o] ol uiargel chshA o u el
[e]

HlEH 542 2 & e Beletir A3 SWAE B HO, whetl Aol o gulge] 54
YEAEYS ESSel 43 T & Aeh B AT A% 44 WY Hn R TIYELRS Aol 5 Ut AFAE
HIO, uPote] A7k b5 s A Seld & dglon, nqae S404 7shs A0 F5el bsAe S 5 Al

Key Words : HfO, ultrathin film, Liquid Crystal Display, High-k materials, Low driving voltage, pretilt angle

ABSTRACT . .

Ion-beam irradiation(IB) on HfO, surface induced high-performance liquidcrystal(LC) driving at a 1-V threshold with vertical
alignment of liquid crystals(LC). The high-k materials Atomic layer deposition was used to obtain LC orientation on ultrathin
and high-quality films of HfO, layers. To analyze surface morphological transition of HfO, which can act as physical
alignment effect of LC, atomic force microscopy images are employed with various IB intensities. The contact angle was
measured to elucidate the mechanism of vertical alignment of LC on HfO, with IB irradiation. Contact angle measurement

show the surface energy changes via IB intensity increasing.

I Introduction such as debris generation, local defects, and electrostatic
discharge [10-11]. To decrease these defects, a cleaning

The uniformly aligned liquid crystal (LC) molecules on process which slows down the manufacturing process and
a polyimide (PI) is an important factor in the manufacture reduces its cost effectiveness have to be required in
of LC displays (LCDs). Mechanical rubbing is the industry rubbing process. Also, the quality of the displays produced
standard process for achieve this [1-4]. A PI layer with an is degraded during the rubbing process. Over the past
anisotropic surface [5-8] which can create a pretilt angle several years, several alternative alignment techniques
between liquid crystal and its surface is essential for have been investigated for inducing anisotropy on LC

operating the LCDs with optically transparent and alignment layer surfaces by noncontact method [12]

chemically stable insulating characteristics [9]. However, including oblique deposition [13], plasma treatment [14],

the rubbing process for LC alignment has major demerits photoalignment  [10], and nanostructured alignment
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surfaces [9,10]. Above all, ion beam (IB) bombardment is
a noncontact alignment method that provides reliability,
controllability, a continuous manufacturing process, and
high resolution displays. Depending on these non-contact
alignment methods, many optically transparent insulators
such as diamondlike carbon [15], SiC [16], SiO«17],
SiNG[18], y-FexOs[5] have been reported as potential
candidates for inorganic alignment materials. Even so, LC
orientation on a brand new material with upgraded
capacity is required to produce high-performance displays.
Many inorganic materials with high permittivities can
reduce the voltage losses due to the LC alignment layers
that are a trade—off for its capacitance. The lower voltage
for LC operation can be applied to the LC under low
external voltage by using high-k materials. This means
that low power operation for LCD applications can be
accomplished using a high-k alignment structure where
the LC can be operatied effectively with a low threshold
it has been intensively

voltage. In this reasons,

investigated in our previous work with optically
transparent high-% insulating inorganic materials such as
AlO4[19], Tas05[11] and HfO,[20] for LCD sapplications.
The LC alignment mechanism is explained by a random
network model of the atomic arrangement in the inorganic
films surface. However, despite many efforts to find a
simple low—cost method and different alignment materials,
the LC orientation mechanism by IB bombardment is still
not completely revealed. In our previous work, we reported
a technique for the homogeneous alignment of LCDs on IB
bombarded TaxOs, and showed the mechanism that the
creation of the pretilt angle was due to the IB
bombardment breaking Ta-O and O-Ta bonds. The
orientational order was thus generated by directional
IB[11].

Among the many other potential high—k materials, HfO»
is considered as one of the most promising materials to
satisfy considerably large band gap(5.63¢V), high dielectric
constant(k™30). In particular, IB bombarded LC alignment
layers grown by atomic layer deposition(ALD) was studied
in our group which reported that the non-stoichiometric
HfO, surface transformed to fully oxidized HfO» by
ion-bombardment The IB bombardment might induce
activation of Hf dangling bonds on the film surface, which
can easily be transformed to Hf~-O bonding by supplying
oxygen. The
interactions between the HfO, surfaces and LC molecules,
which are more effective than LC molecular interactions,

atmospheric strong van der Waals
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are thought to have induced a random LC alignment before
IB bombardment. When HfO; surfaces were stabilized with
ion bombardment to induce surface oxidization, the van der
Waals interactions between HfO, and LC decreased to a
smaller value that was sufficiently weak to make a good
balance with LC molecular
alignment[20]. In this study, we investigated about physical
alignment effect and the thermal stabilities on HfO, surface
which is modified by IB bombardment. This is the series
of our experiments about ultra thin HfO, as a vertical
alignment Based on the chemical structure
transition of HfO, surface by IB bombardment revealed in
our previous work, we studied on the topological

interactions for vertical

layers.

transformation and wetting property analysis which is
major tools for understanding of inorganic LC alignment
layers. Also, we conducted thermal stability test which is
important factor of LCDs reliabilities.

. Experimental

HfO, thin films 10nm thick were deposited on the
ITO-coated ALD
trimethylaluminum[Al(CHs)s] and water at a deposition
temperature of 300°C. The films 10nm thick were exposed
to Ar’ IB plasma with dosages of 104-10" ions/cm” at an
incident angle of 45 degree from the surface normal for 2
min at various energy intensities 0eV, 600eV, 1000eV,
1500eV, 2400eV, 3000eV. A current density in a beam of
positive charged particles measures from a Faraday cup

glass  substrates  via using

system was 37mA/cm’ and a plasma ion density
measured by the double Langmuir probe tips was of
approximately 10%em ™,
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Figure 1. Plot of average transmittance versus sheet—
esistance(Rs) for the Ag NW network films,
Inset is a FESEM image of R-~11.3Q/sq Ag
NW networks on glass substrate
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As illustrated in figure 1, the IB system used to align
the LC molecules in this study was based on a
direct—current DuoPIGatron—type gun with a hot-filament
ion source. The glass substrates with the HfO; layer on
the ITO electrodes were assembled in an anti-parallel
configuration with a cell gap of 60um to observe the pretilt
angles, and VA-LCDs were prepared with a cell gap of bu
m to examine the voltage-transmittance analysis. The
cells were then filled with negative LCs (MJ98468; Merck)
with a dielectric anisotropy (Ae) of —4; refractive indices
in the ordinary and extraordinary axes of 1.4742 and
15512,
temperature of 75°C. The surface morphology of the

respectively; and and isotropic transition
samples was observed by atomic force microscopy (AFM)
before (0 eV) and after (600 eV, 2400 eV) IB bombardment
which can explain the possible LC alignment behavior.
The contact angle of each surface was measured by the
sessile drop technique with de-ionized water using a
Phoenix 300 surface angle analyzer(SEO) and analyzed
with IMAGE PRO 300 software. Then the fabricated LC
cells were put on the hot plate for the thermalstability test.
The temperature of the hot plate was changed from 50°C
to 250°C with the increment of 50°C. Then, each LC cell

was observed by the polarized optical microscope.

I. Results and Discussion

Contact angle measurement can be considered a gauge
of the relationship between liquid and the surface
characteristics of a solid on which the liquid is placed.
Figure 2 shows the variation in contact angle on the
HfO/ITO films for various IB intensities at an incident
angle of 45 degree and an exposure time of 2 min. The
measured contact angleis 70, 53.8, 50.5, 50.5, 43.3, 50.5
degree  with the incident IB intensity of O
(beforeIBbombardment), 600, 1000, 1500, 2400 and 3000eV,
respectively. From this result, we can confirm that the
measured contact angle decreases with IB bombardment
which means that the surface energy is increasing.
Furthermore, the films lost their hydrophobicity with
increasing IB bombardment. We can also obtain the
measured value of 50.5 degree which is limited contact
angle for vertical alignment of LC molecules on the IB
bombarded HfO» surface.

To elucidate the physical alignment effect of LC on
HfO, surface, we employed AFM analysis which can
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reveal the morphological transition on the HfO, surface by
IB bombardment.
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Figure 2. Photomicrographs of the LC cells fabricated by
PI/AgNW networks substrates (a) before and (b)
after rubbing treatment under the crossed and
parallel Nichols (A: analyzer, P: polarizer).
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Figure 3. Transmittance versus incident angle of the LC
molecules on the LC cell fabricated by PI/AgNW
networks substrates, as measured by the crystal
rotation method to obtain the pretilt angle.
(simulated curve in blue and experimental curve
in red).

In the previous work at the same experimental
conditions, there are random LC orientations with the 1B
intensity of 0eV and 600eV which has the rms roughness
of under 55 nm. However, when the IB intensity
increases, the rms roughness is increasing over 5.5nm
which is suitable for good LC alignment states. From this
result, it is found that the surface topological transition is
progressed with IB bombardment and the minimum value
of surface rms roughness is existing which is essential for
vertical alignment of LC molecules as an physical
alignment effect. As the contact angle is also related to the
surface morphology, it can be thought that the increased
rms roughness of HfO., nano-structure increases the
surface energy of HfO» which can be detected by contact

angle decreasing. This series of nano-structure related
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surface energy variations can be considered as physical
alignment factor which contributes to vertical alignment of
LCs.
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Figure 4. (a) RT curve and (b) V-T curves for the
rubbing—aligned LC cells using ITO films and
AgNW networks.

Figure 3 show the voltage-transmittance curve of HfO,
based VA-LCDs. The ion energy intensity, incident angle,
and exposure time were 2400eV, 45 degree, and 120s,
respectively. (We did same experiments again for confirm
the reliability of our previous work.) The performance of
existing VA-LCDs on IB bombarded PI is shown for
The performance of V-T
characteristics obtained with threshold voltage of 1V while
the IB bombarded PI based VA-LCDs had the threshold
voltage of 3.3V. The capacity of 10nm thick alignment
layer is one of the most reasonable factor for explaining

comparison. superior

this result. The total capacitance can be expressed in
simplified form as a linear combination of the alignment
layer capacitance and the LC capacitance. The high-k
HfO, alignment layers can dramatically increase the
capacitance of alignment layers which can reduce voltage
losses due to LC alignment layers. Also, the thickness of
HfO, can be anotherr factor of increasing the capacitance
of LC alignment layers. The 10nm thick alignment layers
by ALD can reduce the alignment layer related voltage
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losses. From this result, we can concluded that HfO, based
VA-LCDs can drop the threshold voltage which 1is
essential for the low power operation of device.

Moreover, the thermal stability of the HfO» based LC
cells were examined. Thermal stability is one of the best
merits of the inorganic alignment layer because the
organic alignment layer results in a change of the pretilt
angle and alteration of electrooptical properties due to its
deterioration by thermal stress and does not secure a long
life time. To evaluate the thermal stability in the HfOy
layers, the LC cells were exposed to high temperatures.
As seen in Figure 4, the HfO, alignment layers did not
deteriorateat high temperatures owing to robust properties
of the inorganic materials. Eventually, they showed stable
alignment properties, which secured the long life time of
the advanced LCDs.

IV. Conclusion

In summary, VA-LCDs based on HfO; layers with IB
bombardment were embodied in this work. The 10 nm
ultra-thin alignment layers were deposited by ALD
process which can suppress the voltage losses due to the
The 1B
bombardment can induce the certain surface states of
nano-structure which can vertically align the LC
The by 1B
bombardment can change the surface energy which is
related to the vertical alignment of LCs. The HfO. based
VA-LCDs have merits of low power operation and
harsh high

capacitance of thick LC alignment layers.

molecules. nano-structure  variation

stability — under conditions such as

temperatures.
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