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Abstract—We have developed a high-transmittance in-plane
switching (HT-IPS) liquid crystal display (LCD) using special
electrode design on the same substrate. The featured electrode
configuration generates substantial horizontal electric fields
between the electrode groups, and fringe fields with rich hori-
zontal components within the regions of electrode groups. The
former is similar to the IPS mode and the latter is similar to the
fringe-field switching (FFS) mode. The HT-IPS mode exhibits a
high transmittance ( 90% of twisted nematic (TN) mode), as well
as wide viewing angle for cells using both positive and negative
dielectric anisotropy LC materials. In addition, we also compare
the electro-optical performance of the HT-IPS with IPS and FFS
cells under the same conditions.

Index Terms—In-plane switching (IPS), liquid crystal display
(LCD), wide-viewing angle.

I. INTRODUCTION

L IQUID CRYSTAL display (LCD) has been extensively
employed for notebook computers, desktop monitors, and

TV’s owing to the continuous improvement in its image quality.
Among various LCD technologies, the in-plane switching (IPS)
mode [1], [2] is one of the mainstream technologies developed
for wide viewing angle. In IPS mode, the inter-digitated elec-
trodes are fabricated on the same substrate and LC molecules
are initially homogeneously aligned. The transmission axis of
the polarizer can be set to be parallel or perpendicular to the
LC directors while the analyzer is crossed to the polarizer. The
in-plane electric fields induced by the electrodes twist the LC
directors, thus generate light transmission. However, due to
the strong vertical electric field existing above the electrode
surface, the LC directors in these regions mainly tilt rather
than twist. As a result, the transmittance above the electrodes
is greatly reduced. Overall, the conventional IPS mode has a
light efficiency about 76% of that of a twisted nematic (TN)
[3] LCD mode, when a positive dielectric anisotropy LC
material is used. Although using a negative liquid crystal in
the IPS mode could enhance the light efficiency to above 85%,
the drawback is the increased driving voltage.
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To enhance the transmittance of the IPS mode, the fringe-field
switching (FFS) mode [4]–[6] decreases the electrode width and
gap to introduce more horizontal electric fields above and near
the electrode surfaces. Consequently, the strong horizontal field
is able to twist the LC directors resulting in a high transmittance
throughout the whole area. The FFS mode using a negative
material can achieve 98% transmittance of that of a TN cell.
The idea of using a positive LC material in the FFS mode
for achieving high transmittance ( 90% of TN mode) is also at-
tempted [6]. It assumes a fine fabrication of electrode width by
1 m that requires a high driving voltage V in order
to generate enough twist to the LC directors. Further optimiza-
tion for FFS mode using a positive LC material is still under
active research.

In this paper, we demonstrate a high transmittance in-plane
switching (HT-IPS) mode having similar initial LC alignment
as the conventional IPS mode, but showing high transmittance
( 90% of TN mode) for both positive and negative LC
materials employed. The electrode design in the HT-IPS mode
greatly enhances the transmittance above the electrode surfaces
by introducing more horizontal electric fields in these regions,
but keeping a similar electric field profile with substantial hor-
izontal components between electrode groups as the conven-
tional IPS mode. With this electrode configuration, the LC direc-
tors experience substantial twist throughout the whole area, but
the driving voltage required can be reduced to below 6.0 V .
Besides, this HT-IPS mode also shows a very wide viewing
angle, same as the conventional IPS mode.

II. DEVICE CONFIGURATION AND MECHANISM

Fig. 1(a) and (b) shows the typical structures with calculated
equal potential lines in the LC cell region for the conventional
IPS mode and FFS mode, respectively. In the IPS cell, the elec-
trode width and separation distance are usually kept larger
than the cell gap . From Fig. 1(a), we can see that substantial
horizontal electric fields exist only between the electrodes, and
both vertical and horizontal electric fields exist above the elec-
trode surface. Furthermore, the horizontal electric fields above
the electrode surface are weaker than the vertical ones, which
tilt the LC directors there and cause a low transmittance in IPS
mode. As for the FFS cell in Fig. 1(b), both the electrode width

and the horizontal distance between the pixel electrode and
the common electrode (zero in this case) are kept smaller than
the cell gap . In such a configuration, horizontal electric fields
peak at the edges of electrodes and decrease to the minimum in
the symmetric centers above the electrode and above the slot.
Compared to the IPS mode, the horizontal electric fields at the
electrode edges in the FFS cell are stronger, since the potential
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Fig. 1. Structure and potential profile of: (a) an IPS cell; (b) an FFS cell; and (c) an HT-IPS cell.

lines there are denser. Therefore, once the director tilt is sup-
pressed by using a negative LC, strong horizontal electric
fields will first twist the LC directors at these edges, and fur-
ther rouse the twist of the other directors in the centers of the
electrode surface and the slot. However, because of the exis-
tence of both horizontal and vertical electric field components
above these symmetric centers, the positive LC directors still
experience tilt. As the directors start to tilt, the effective twist
torque projected in the plane will be reduced. Consequently, this
edge-to-center process requires a much stronger electric field
than the case using a negative LC.

Fig. 1(c) shows a design of the HT-IPS mode with potential
lines included. The motivation is to keep a similar substantial
horizontal field region like IPS mode, but introduce fringe fields
with more horizontal electric field components only in the re-
gions above electrodes. In Fig. 1(c), the driving electrodes are
formed on two different planes isolated by a passivation layer.
Each pixel electrode in the bottom layer is adjoined by two
common electrodes on the upper layer, which together form an

electrode group showing a potential similar to a common elec-
trode in the IPS mode. Correspondingly, each common elec-
trode in the bottom layer adjoined with two pixel electrodes
from the upper layer work as an electrode group like a pixel
electrode in the IPS mode. Besides, within each subgroup, the
electrode adjoining the LC in the upper layer has a width
smaller than the cell gap , and the horizontal distance between
the common and pixel electrodes [zero in the design shown in
Fig. 1(c)] is smaller than the cell gap as well. Therefore, much
richer horizontal electric fields combined with the vertical com-
ponents are generated within each electrode group than they are
in the conventional IPS cell. However, to maintain the substan-
tial horizontal electric fields generated between different elec-
trode groups as in the IPS mode, the distance between adjacent
electrodes from two electrode groups, such the distance and

is kept larger than the cell gap . The characteristics of this
desired electric field distribution can clearly be verified by the
calculated potential profile shown in Fig. 1(c). Consequently, it
can achieve a higher transmittance than the IPS mode and lower
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Fig. 2. Transmittance curves for HT-IPS cells with +�" and��" LC’s.

driving voltage than the FFS mode using a positive LC ma-
terial, but its electrode configuration is somewhat more compli-
cated than the IPS and FFS modes.

III. RESULTS AND DISCUSSION

We have investigated the HT-IPS mode with both positive
( at nm, and ) and negative
( at nm, ) LC mate-
rials. The cell parameters are listed in Table I. The electro-op-
tical performance is calculated by the commercial LCD simu-
lator 2dimMOS [7] and the extended Jones matrix method [8].

Fig. 2 shows the transmission with respect to the position in a
single electrode period for HT-IPS cells using positive and neg-
ative LC’s. The corresponding electrode position is also in-
cluded in the figure as a reference. The averaged light efficiency
for cells using positive and negative materials is around 93%
and 98% of that of a TN cell in accordance with the top and
bottomfigures.Thedrivingvoltageofa thin-filmtransistor (TFT)
is preferably around 5.5 V . For the cell using a negative
material, the transmittance is almost flat, as the tilt is suppressed
there. The transmittance in the positive LC cell is nearly flat
only in the regions between electrode groups where horizontal
fields dominate, and within each electrode group, fringe fields
that have rich horizontal components twist the LC directors and
give rise to a high transmittance as well. From both curves, there
are still some low transmittance kinks. A detailed view shows
these kinks occur above the electrode surfaces in the cell using
a positive material, but they appear near the inner edges of
upper electrodes within each group in the negative LC cell.

The mechanism responsible for these kinks in two cells is dif-
ferent. In the upper curve using a positive material, the LC
directors interact with the strong vertical electric fields above the
electrode surfaces and tilt to cause a relatively low transmittance
kink. In the negative LC cell, no such tilt effect takes place.
But because the potential lines are the densest at the inner edges
of upper electrodes in each electrode group as shown in Fig. 1(c),
the horizontal field almost peaks at those positions. Thus the twist
of LC directors there is stronger than it is at other positions. Since
the cell parameters are optimized for the overall region, the LC

TABLE I
PARAMETERS USED IN THE HT-IPS CELLS

directors near the inner electrode edges are over-twisted resulting
in a relative low transmittance there.

We further study the electro-optical performance such as
voltage dependent transmittance (V-T) curves and iso-lumi-
nance plots among the IPS, FFS, and HT-IPS modes, because
they have the same initial homogeneous alignment and the
electrodes are formed on one substrate. The value for all
the cells using a positive LC is kept at 0.38 m, and 0.36

m for those using a negative material. The wavelength
used in simulations is nm. The electrode width in
the IPS mode in Fig. 1(a) is 4 m with a separation length of
8 m for both cells using positive and negative materials.
For the FFS structure in Fig. 1(b), the electrode width is 2

m with a separation gap of 3 m when using a positive
material; and is 3 m and is 4.5 m for the cell using

a negative LC. The electrode dimensions for the HT-IPS
designs are the same as those listed in Table I.

Fig. 3(a) and (b) compares the simulated V-T curves for cells
using both positive and negative LCs in the IPS, FFS, and
HT-IPS modes, respectively. The transmittance is normalized
to the maximum light efficiency of a TN cell. The cells using
a negative material show a higher transmittance due to the
less tilt there. For the cells using a positive material, the IPS
mode has a maximum transmittance of 76% because of the in-
sufficient twist above the electrode surface, while the FFS cell
and the HT-IPS cell show a similar maximum transmittance of

93%. Furthermore, because of its largest distance between the
common electrodeand the pixelelectrode, the IPS cell in Fig. 3(a)
havethehighestthresholdvoltage(1.5V )ascomparedtothose
of the FFS and HT-IPS cells V V . However, its
transmittance starts to saturate at the lowest voltage of 4.5 V ,
while theFFScell and theHT-IPScell saturateat7.0V and5.5
V , respectively. The source of transmittance change in each
cell might contribute to this difference in their on-state driving
voltages. In the IPS cell, the LC directors above the electrode
surfaces mainly tilt. Once they tilt up, their contributions to the
overall transmittancechangebecomelessimportantasthevoltage
increases. In other words, the twist level of the LC directors be-
tweentheelectrodes,where theycanbeeasily rotated,determines
the overall transmittance change and the saturation voltage in the
IPS cell. However, in the FFS cell, the LC directors throughout
the whole cell contribute to the overall light efficiency. And the
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Fig. 3. V-T curves for IPS, FFS and HT-IPS cells using a (a) +�" and (b)
��" LC.

directors near the electrode edges, where the horizontal electric
fields dominate, will twist first at a low voltage. But it needs a
high voltage to further rotate those directors near the symmetric
centers of the electrode surface and the slot, because the directors
there also experience some tilt. As the intermediate state between
the pure IPS mode and the FFS mode, the HT-IPS cell shows a
moderate driving voltage.

For these cells using a negative LC in Fig. 3(b), the IPS
cell shows a maximum transmittance of 88%, while values in
the FFS cell and the HT-IPS cell are both around 98%. Owing
to its cell dimension, the IPS has the highest threshold voltage
close to 2.0 V , while the FFS cell and the HT-IPS cell have
a similar V V . However, the trend of the on-state
driving voltage for cells using different materials is quite
the opposite. The IPS cell here has the highest driving voltage
of 7.0 V . The saturation voltages in the FFS cell and the
HT-IPS cell are around 5.0 V and 5.5 V , respectively.
Because of the tilt in these negative LC cells is suppressed,
the twist level of the LC directors above the electrode surface
will also contribute to the overall transmittance until it reaches a
saturation level. As the IPS cell has the weakest horizontal field

Fig. 4. Iso-luminance plots for IPS, FFS and HT-IPS cells using a (a) +�"

and (b)��" LC. (Color version available online at http://ieeexplore.ieee.org.)

components above electrodes, the twist of LC directors there re-
quires a strong driving voltage. Similarly, because the HT-IPS
cell fuses the IPS and FFS structures, its saturation voltage has
an intermediate value. More detailed reasons to cause the satu-
ration voltage difference should be based on the analysis of their
specific on-state configurations.

Besides the electro-optic performance in the normal direc-
tion, the on-state iso-luminance at and
for the IPS, FFS, and HT-IPS cells using positive and negative

LC’s are further investigated in Fig. 4(a) and (b), respec-
tively. The angle in the figure is defined as the angle between
the incident direction and the normal -axis, and is the az-
imuthal angle away from the -axis in the plane. For those
cells using a positive material in Fig. 4(a), the IPS mode is infe-
rior to the FFS and HT-IPS modes in the iso-luminance perfor-
mance. For the IPS cell, the region is confined within
a 40 viewing cone at most azimuthal directions, while it is ex-
panded to above 50 at all directions for the FFS and HT-IPS
cells. Furthermore, the FFS cell has its cone fluctu-
ated between 20 and 45 . In contrast, the cone for
the HT-IPS cell is ranged between 15 and 35 .

When a negative LC is employed, their corresponding
iso-luminance cones as shown in Fig. 4(b) are greatly enhanced
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Fig. 5. Iso-contrast plots for: (a) an IPS cell; (b) an FFS cell; and (c) an HT-IPS cell using a +�" LC.

due to the suppression of tilt. For the IPS cell shown in Fig. 4(b),
is enlarged to a viewing cone above 55 , but no

cone exists in the plot. The FFS and HT-IPS cells show
a close iso-luminance plot, in which the and

cones are enlarged to above 40 and 65 , respectively. In
addition, because the director distribution in the negative
cells is more uniform, the iso-luminance here is less azimuthal
angle dependent than that in the positive LC cells.

The viewing angle is also investigated for the IPS, FFS, and
HT-IPS structures using both positive and negative LC ma-
terials. Fig. 5(a)–(c) shows the iso-contrast plots for the IPS,
FFS, and HT-IPS cells using a positive LC, and Fig. 6(a)–(c)
is the corresponding plots for the negative LC. No compen-
sation film is employed in the calculations. For the cells using a
positive (negative) LC, because the initial LC cells have the
same configuration in the dark state, their dark states are iden-
tical. Therefore, their bright states will determine the iso-con-
trast performance difference. As shown in Fig. 4(a) and (b), the
FFS and HT-IPS cells have a wider iso-luminance viewing cone
than the IPS cell. As a result, their viewing angle is wider as
shown in the iso-contrast plots.

For TV applications, wide viewing angle in LCD is critical.
Various film compensation schemes of IPS and FFS modes have
been developed [9], [10]. The film compensation of the HT-IPS
should be similar to those of IPS and FFS modes. In addition
to the electrode configuration shown in Fig. 1(c), other sim-
ilar electrode designs to fuse the IPS and FFS modes are also
proposed to improve the transmittance of the conventional IPS
mode [11].

IV. CONCLUSION

In this paper, we demonstrated an HT-IPS LCD with a special
electrode configuration to achieve high transmittance, where
the electrodes generate substantial horizontal electric fields
between electrode groups and fringe fields with rich horizontal
components within electrode groups to twist the LC directors
throughout the whole cell. Detailed mechanism underneath to
attain such high transmittance using both positive and negative

materials is discussed. And the electro-optic performance
such as voltage-transmittance curve and iso-luminance plot
for the IPS, FFS, and HT-IPS modes is also studied. The
detailed origins causing the performance difference among
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Fig. 6. Iso-contrast plots for: (a) an IPS cell; (b) an FFS cell; and (c) an HT-IPS cell using a ��" LC.

different modes are investigated. Besides, the HT-IPS mode
shows a very wide viewing even without any compensation
films, because of the in-plane rotation of LC directors. The high
transmittance IPS mode can be applied to LCD’s requiring
high transmittance and wide-viewing angle.
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