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(57) ABSTRACT 

A novel transflective liquid crystal display (LCD) is pro
vided with a multilayer dielectric film transflector. The 
dielectric transflector is composed of alternating high and 
low refractive index dielectric material layers deposited 
directly on the inner side of the LCD substrate to avoid 
parallax. The transmittance of the dielectric transflector can 
vary from approximately 5% to approximately 95% by 
simply adjusting the individual dielectric layer thickness and 
the arrangement oflayers. The thickness of the 10-layer film 
is approximately 700 nm, which does not affect the voltage 
drop on the LC. Two structures of the dielectric film using 
different positions of the materials of construction are pro
vided and demonstrated. Such a transflective LCD exhibits 
outstanding features, such as, robust dielectric film, single 
cell gap, no parallax, and a simple fabrication process. 
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1 

TRANSFLECTIVE LCD USING 
MULTILAYER DIELECTRIC FILM 

TRANSFLECTOR 

This invention relates to transflective liquid crystal dis- 5 

plays (LCD) with a single cell gap, and in particular to 
transflective LCDs using partial transmissive and partial 
reflective multilayer dielectric film as the transflector and 
method of manufacture. 

BACKGROUND AND PRIOR ART 10 

2 
A secondary objective of the invention is to provide a new 

transflective liquid crystal display in which the multilayer 
dielectric film is stable compared to the metal film. 

A third objective of the invention is to provide a new 
transflective liquid crystal display without parallax or double 
image, wherein the transflector is located on the inner side 
of the liquid crystal substrate. 

A fourth objective of the invention is to provide a new 
single cell gap type of transflective liquid crystal display. 

A fifth objective of the invention is to provide a new 
transflective liquid crystal display without a response time 
difference between the T-mode and the R-mode. 

A sixth objective of the invention is to provide a new 
transflective liquid crystal display with simpler structure and 
fabrication process compared with split-pixel approaches, 
especially the double cell-gap approach. 

Integrating transmissive LCD's high contrast ratio and 
good color saturation and reflective LCD's low power 
consumption, transflective LCD is viewable at anytime and 
anywhere. Transflective LCD is an emerging display tech- 15 

nology with wide application including mobile displays and 
communication displays, like mobile phone, barcode scan
ners, gaming, global positioning system (GPS)/navigation 
devices, personal data assistant (PDA), e-books, and the 
like. 

Further objects and advantages of this invention will be 
apparent from the following detailed description of a pres
ently preferred embodiment, which is illustrated schemati-

20 cally in the accompanying drawings. 
A transflective LCD is disclosed in U.S. Pat. Nos. 6,281, 

952 Bl to Okamoto et al.; 6,295,109 Bl to Kudo et al.; 
6,330,047 Bl to Kubo et al., using a split-pixel approach, i.e. 
each pixel is split into reflective (R) and transmissive (T) 
sub-pixels. Usually, the Rand T area ratio is 4: 1, in favor of 
reflective display mode in order to conserve power. The 25 

transmissive region with small area ratio is used for dark 
ambient surroundings only. 

Two types of transflective LCDs have been developed: 
single cell gap 100 type as shown in FIG. 1 and double cell 
gap 200 type as shown in FIG. 2. In the single cell gap type, 30 

the cell gap 100 of the T-region is substantially equal to that 
of the R-region, which leads to the same response time in 
both T and R regions; however, their electro-optical curves 
cannot overlap well because light passes through the T-re-
gion once but through the R-region twice. 

35 
In the double cell gap approach, the cell gap 200 of the 

T-region and that of the R-region have approximately two 
times the difference so that the response time has approxi
mately four times the difference between the R-region and 
the T-region. The split-pixel approach, regardless of whether 
single or double cell gap, has complicated structures and 40 

fabrication processes since each pixel is divided into R and 
T sub-pixels. Thus, the double cell gap LCD is more 
complicated than the single cell gap LCD. 

In U.S. Pat. No. 6, 124,971 to Ouderkirk et al., assigned to 
3M Innovative Properties Company, a transflective structure 45 

is provided, using a reflective polarizing transflector, as 
shown in FIG. 3. The structure in FIG. 3 is a single cell gap 
300 approach without split-pixel, thus, it is easy to fabricate. 
However, the transflector is located between the polarizer 

f!~g~r~~hde:;r~~=te:'~~~\::~~if o~~ I~a~'.~.x p~~~~~~ 50 

4,093,356 to Bigelow, assigned to the General Electric 
Company, a transflective LCD with a metallic mirror 400 is 
described and shown in FIG. 4. The transflector is a half
silver metallic mirror, which is quite thin (-50 nm) so that 
it can crack easily. The transflective LCD designs provided 55 

by both the 3M inventors and the General Electric inventor 
suffer from parallax. Parallax is that double image with 
displacement that occurs when one views a display panel 
from an oblique angle. Thus, it is desirable to have a 
parallax-free, transflective LCD that is robust, easy and 60 
inexpensive to fabricate. 

SUMMARY OF THE INVENTION 

A primary objective of the invention is to provide a new 
transflective liquid crystal display using partial transmissive 65 

and partial reflective multilayer dielectric film as the trans
flector. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shows a single cell gap type oftransflective LCD 
with a split-pixel. (Prior Art) 

FIG. 2 shows a double cell gap type oftransflective LCD 
with a split-pixel. (Prior Art) 

FIG. 3 shows a transflective LCD using a reflective 
polarizing transflector. (Prior Art) 

FIG. 4 shows a transflective LCD using a half-silver 
metallic mirror transflector. (Prior Art) 

FIG. 5 shows the novel transflective LCD of the present 
invention using a partially transmissive and partially reflec
tive multilayer dielectric film as the transflector. 

FIG. 6a shows a typical transflective LCD of a hand-held 
device operated at an oblique incident angle under ambient 
light. 

FIG. 6b shows the screen of a hand-held device at an 
oblique incident angle under ambient light. 

FIG. 7a is the structure of the first embodiment of a 
multilayer dielectric film of the present invention. 

FIG. 7b shows the layered structure used for simulations. 
FIG. 8 shows the wavelength-dependent transmittance of 

T=30% dielectric films in the first embodiment (FIG. 7a) at 
normal and 20° incident angles. 

FIG. 9 shows the wavelength-dependent transmittance of 
T=50% dielectric films in the first embodiment (FIG. 7a) at 
normal and 20° incident angles. 

FIG. 10 shows the wavelength-dependent transmittance 
ofT=70% dielectric films in the first embodiment (FIG. 7a) 
at normal and 20° incident angles. 

FIG. 11 shows the material refractive index tolerance 
analysis of the T=30% dielectric transflector in the first 
embodiment (FIG. 7a). 

FIG. 12 shows the film thickness tolerance analysis of the 
T=30% dielectric transflector in the first embodiment (FIG. 
7a). 

FIG. 13 shows the layer thickness and material refractive 
index tolerance analysis of the T=30% dielectric transflector 
in the first embodiment (FIG. 7a) with random variations for 
layer thickness and refractive index. 

FIG. 14 shows the material refractive index tolerance 
analysis of the T=70% dielectric transflector in the first 
embodiment (FIG. 7a). 

FIG. 15 shows the film thickness tolerance analysis of the 
T=70% dielectric transflector in the first embodiment (FIG. 
7a). 



US 7,230,663 Bl 
3 

FIG. 16 shows the layer thickness and material refractive 
index tolerance analysis of the T=70% dielectric transflector 
in the first embodiment (FIG. 7a) with random variations for 
layer thickness and refractive index. 

FIG. 17 is the structure of the second embodiment of a 
multilayer dielectric film structure of the present invention. 

FIG. 18 shows the wavelength-dependent transmittance 
of T=30% dielectric film in the second embodiment (FIG. 
17) at normal and 20° incident angles. 

FIG. 19 shows the wavelength-dependent transmittance 
of T=50% dielectric film in the second embodiment (FIG. 
17) at normal and 20° incident angles. 

FIG. 20 shows the wavelength-dependent transmittance 
of T=70% dielectric film in the second embodiment (FIG. 
17) at normal and 20° incident angles. 

FIG. 21 shows the material refractive index tolerance 
analysis of the T=30% dielectric transflector in the second 
embodiment (FIG. 17). 

FIG. 22 shows the layer thickness tolerance analysis of 
the T=30% dielectric transflector in the second embodiment 
(FIG. 17). 

FIG. 23 shows the layer thickness and material refractive 
index tolerance analysis of the T=30% dielectric transflector 
in the second embodiment (FIG. 17), with random variations 
of layer thickness and refractive index. 

FIG. 24 shows the material refractive index tolerance 
analysis of the T=70% dielectric transflector in the second 
embodiment (FIG. 17). 

4 
sandwiched between the transparent substrates is a single 
cell gap liquid crystal layer adjacent to a multilayer dielec
tric transflector. 

FIG. 5 provides greater detail on the structure of the 
transflective LCD of the present invention. The structure 
includes a first transparent substrate 2, such as glass or 
plastic, and a second transparent substrate 4, such as glass or 
plastic and a dielectric film transflector layer 6 with a 
transparent indium-tin-oxide (ITO) electrode layer (not 

10 shown) deposited on the second transparent substrate 4. 
Below the first substrate 2 is a color filter layer 8, which is 
used to produce a full color image. A first alignment film 10 
is coated below the color filter 8 to produce a first liquid 
crystal alignment direction and a second aligriment film 12 

15 is coated above the dielectric film transflector layer 6 to 
produce a second liquid crystal alignment direction. Sand
wiched between the first alignment film 10 and the second 
alignment film 12 is a liquid crystal layer 14. A first polarizer 
16 is placed above the first transparent substrate 2 and a 

20 second polarizer 18 is placed below the second transparent 
substrate 4. At least a first half-wave film 20 and at least a 
first quarter-wave film 22 are sandwiched between the first 
polarizer 16 and the first transparent substrate 2. At least a 
second half-wave film 24 and at least a second quarter-wave 

25 film 26 are sandwiched between the second polarizer 18 and 
the second transparent substrate 4. Positioned below the 
second polarizer layer 18 is a backlight source 30. A light 
control film 28 is used on top of the first polarizer layer 16 

FIG. 25 shows the layer thickness tolerance analysis of 
the T=70% dielectric transflector in the second embodiment 30 

(FIG. 17). 

to control glare. 
The partially reflective, partially transmissive, multilayer 

dielectric film is also referred to herein as, "dielectric 
transflector." Such a multilayer dielectric film can be depos
ited directly onto the liquid crystal substrate. Two embodi
ments of the dielectric transflector are shown in FIGS. 7a 

FIG. 26 shows the layer thickness and material refractive 
index tolerance analysis of the T=70% dielectric transflector 
in the second embodiment (FIG. 17) with random variations 
of layer thickness and refractive index. 

FIG. 27a shows the structure of the transflective LCD of 
the present invention. 

FIG. 27b shows the structure of a prior art transflective 
LCD using one metallic transflector layer. 

35 and 17 and described in detail below. It is readily understood 
by those skilled in the art that the invention can encompass 
many other embodiments, including many layers and 
arrangements oflayers and is not limited to the two embodi-
ments shown. 

FIG. 27c shows the structure of a prior art, single cell gap 40 

type transflective LCD using a split-pixel approach. 
FIGS. 6a and 6b show the transflective LCD in the 

reflective mode wherein the light source and the viewer are 
on the same side of the LCD panel. In order for the viewer 
to see the reflected light from the display, the ambient light 
impinges on the display at -30° angle. FIGS. 6a and 6b 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Before explaining the disclosed embodiments of the 
present invention in detail it is to be understood that the 
invention is not limited in its application to the details of the 
particular arrangements shown since the invention is capable 
of other embodiments. Also, the terminology used herein is 
for the purpose of description and not of limitation. 

The term "transflector" as used herein means partial 
reflection and partial transmission. 

The term "broadband quarter-wave film" as used herein 
refers to the combination of a half-wave film and a quarter
wave film. 

As shown in FIG. 5, the present invention provides a 
novel single cell gap transflective liquid crystal display with 
a partially transmissive and partially reflective multilayer 
dielectric film as the transflector. 

The basic components of the transflective liquid crystal 
display device of the present invention include a backlight 
source, at least one indium-tin-oxide (ITO) electrode layer, 
a pair of polarizer layers, a pair of transparent substrates, 
such as glass or plastic, with at least two half-wave films and 
at least two quarter-wave retardation films placed between 
the pair of polarizers and the transparent substrates, and 

45 illustrate the transflective LCD that requires the transflector 
to be insensitive to the light incident angle. The insensitivity 
property of the transflector ensures a good image quality 
over a wide viewing cone. 

FIG. 7a shows the structure of the first embodiment of a 
50 dielectric transflector 70 of the present invention. The mul

tilayer dielectric transflector is positioned below the liquid 
crystal layer 105 and is composed of alternating high 
refractive index material such as titanium oxide (Ti02 ) 

layers 72, 74, 76 and low refractive index material such as 

55 
silicon dioxide (Si02 ) layers 82, 84, 86. The vertical ellipsis 
205 is used to show that the alternating layers are not limited 
to those layers shown. A person skilled in the art will readily 
understand that alternating layers can be increased or 
decreased to obtain the desired quality of reflection and 
transmission for the LCD. The transflector is sandwiched 

60 between polyimide (PI) layer 71 and indium-tin-oxide (ITO) 
layer 81, which is deposited on glass or plastic substrate 95, 
as shown in FIG. 7a. Listed in Table 1 are the materials' 
refractive indexes and ITO and PI film thickness for the 
dielectric transflector structure 70 shown in FIG. 7a. And 

65 since it is the product of thickness and refractive index value 
that counts for optical phase retardation, only the variations 
of index value are listed for the ITO and PI layers. The 
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values shown are used to calculate the transflector's trans
mittance and reflectance by optimizing the film's thickness 
and the number of layers. 

TABLE 1 

The Refractive Index and Thickness of Dielectric Layers. ITO and PI 

Materials Refractive index (n) Thickness d (nm) 

Glass 1.5-1.6 
ITO 1.90-2.10 50 
Si02 1.40-1.50 
Ti02 2.30-2.50 
PI 1.50-1.70 100 
LC 1.5-1.6 

10 

6 
From equations 1-3, it is easy to see that the transmittance 

is a function of both wavelength and incident angle of light. 
We express it as T(A.,8). To get the optimal thickness in each 
layer d,, it is necessary to minimize the cost function in 
equation 4: 

4. 

L
700nm 

Cost= IT(A, e) - Tl di,l 
400nm 

where T is the targeted transmittance value. 
Three types of films with different transmittance T=30% 

(R=70%), T=50% (R=50%), and T=70% (R=30%) are 
15 designed as examples of the transflector of the present 

invention. The optimal film thickness data for the dielectric 
transflector 70 are listed in Table 2. 

In the multilayer dielectric film 70, as shown in FIG. 7b, 
the polyimide (PI) layer 71 is positioned below the liquid 
crystal layer 105 and above alternating layers of high 
refractive index material, such as, titanium dioxide (Ti02 ) 

72, 74, 76 and low refractive index material, such as, silicon 20 

dioxide (Si02 ) 82, 84, 86, with a bottom layer of ITO 81. 
The vertical ellipsis 205 indicates that the number of alter
nating layers can be varied as needed or desired. According 

TABLE 2 

Optimal Thickness of the Si02 (odd) and Ti02 (even) Layers of 1st 
Embodiment 

Thickness (nm) 

to electro-magnetic theory for any k-layer-stack film, the 
overall reflectance is the average of p-component light 25 
reflectance and s-component light reflectance, as expressed 

Layer nwnber 
Transmittance 

T = 30% 
Transmittance Transmittance 

T = 50% T = 70% 

in Equation 1. 

1. 

R=Rp+R, 
2 

2 

4 

30 

7 

9 
10 

50-60 
40-50 
66-76 
47-57 
86-96 
64-74 

116-126 
70-80 

169-179 
5-15 

25-35 16-26 
48-58 25-35 
62-72 27-37 
29-39 62-72 
36-46 113-123 
80-90 38-48 
72-82 18-28 
82-92 35-45 
45-55 
92-102 

RP and Rs are the reflectance of p-component and s-compo- 35 

nent, respectively. Here RP and Rs can be obtained from 
equation 2: 

Number of layer 

Total 
thickness(nm) 

10 

713-813 

10 

571-671 334-414 

2. 

R , = ('loB - c)('loB - c). 
p. 'loB + C 'loB + C 

where 

{ 

k r sinb; j} 
[
Bl= n cosb; j~ [ 1 l 
c . . '/k+! 

i=l Jf}ismr5i cosc5i 

'!; = n; I case; (For p-component) 

'!; = n; I case; (Fors-component) 

Here n,, d, and 8, are the refractive index, thickness and 
refractive angle of the i'h layer, respectively. lJo and llk+l 

mean the admittance of the glass substrate and the liquid 
crystal layer, respectively. 8 means the incident angle in the 
air or free space. The overall transmittance of the multilayer 
film is then expressed in equation 3: 

T=l-R 

FIGS. 8, 9 and 10 show the wavelength dependent trans-
40 mittance curves for three different transmittance multilayer 

dielectric transflectors in the first embodiment: T=30%, 
T=50% and T=70%. From these figures, we can see that the 
transmittance is quite insensitive to the wavelength from 400 
nanometers (nm) to 700 nm. In addition, the transmittance is 

45 also insensitive to the incident angles up to around 30° in the 
air and refractive angle around 20° in the glass. The wave
length insensitivity property ensures high light efficiency in 
the whole visible light range and good color reproduction of 
image displayed from the panel. The wide acceptance angle 

50 of the multilayer transflector also benefits the image quality 
over a large viewing angle. FIG. 8 shows transmittance of 
T=30%; FIG. 9 shows transmittance ofT=50% and FIG. 10 
shows transmittance of T=70%. 

Considering the possible error in practical fabrication 

55 
processes, tolerance analysis of each parameter is necessary. 
The following procedure is used for tolerance analysis: First, 
one of the two parameters (n=refractive index and 
d=thickness) is changed while keeping the other parameters 
fixed. Next, all the parameters are randomly changed. The 
calculated results of the dielectric transflector 70 are shown 

60 in FIGS. 11, 12, 13 for a T=30% multilayer transflector, in 
the first embodiment. FIG. 11 shows the material refractive 
index (n) tolerance. FIG. 12 shows the film thickness (d) 
tolerance. FIG. 13 shows the material refractive index and 
film thickness tolerance, where material refractive index and 

65 film thickness are randomly changed within ±3% of optimal 
values. FIGS. 14, 15, and 16 show the tolerance analysis for 
a T=70% multilayer transflector, in the first embodiment. 
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FIG. 14 shows the material refractive (n) index tolerance. 
FIG. 15 shows the film thickness (d) tolerance. FIG. 16 
shows the material refractive index and film thickness 
tolerance, where material refractive index (n) and film 
thickness (d) are randomly changed within ±3% of optimal 
values. From these figures, it is shown that the transmittance 
or reflectance of the multilayer dielectric films has a rela
tively large degree of manufacturing tolerance. 

Next, the influence of the dielectric film on the voltage 
drop to the LC layer is analyzed. From Table 2, it is 
determined that a thinner dielectric film leads to a higher 
transmittance. For the worst scenario of T=30%, the maxi
mum total film thickness is less than approximately 850 nm. 
When compared to the dielectric mirror (-1300 nm) used in 
a liquid crystal light valve, in which the resistance of 
dielectric mirror ( 4.7xl012Q) is only 1 % of the resistance of 
LC (6.lxl014Q) [S. Fukushima, Applied Optics, Vol. 31, 
pp.6859-6868 (1992)], the partially transmissive dielectric 
film of the present invention is only half the thickness of a 
regular dielectric mirror. Thus, the resistance is negligible 

10 

15 

and does not affect the voltage drop on the LC. 20 

Actually, the transparent electrode can be coated above 
the dielectric transflector. FIG. 17 shows the structure of the 
second embodiment of a dielectric transflector 170 of the 
present invention. The multilayer dielectric transflector is 
composed of alternating high refractive index material tita- 25 

nium oxide (Ti02 ) layers 172, 174, 176 and low refractive 
index material silicon dioxide (Si02 ) layers 182, 184, 186. 
This transflector is sandwiched between indium-tin-oxide 
(ITO) layer 181 and glass substrate 95, as shown in FIG. 17. 
A polyimide layer 171 is further coated above the ITO layer 30 
181 to control the alignment direction of the liquid crystal 
layer 105. The vertical ellipsis 205 indicates that the number 
of alternating layers can be increased or decreased as needed 
or desired. Table 1 lists the refractive index and thickness of 
dielectric layers, ITO and PI. And since it is the product of 
thickness and refractive index value that counts for optical 35 

phase retardation, only the variations of index value are 
listed for the ITO and PI layers. The values shown are used 
to calculate the transflector' s transmittance and reflectance 
by optimizing the film's thickness and the number oflayers. 

FIGS. 18, 19 and 20 show the wavelength dependent 40 

transmittance curves for three different transmittance mul
tilayer dielectric transflectors in the second embodiment: 
T=30%, T=50% and T=70%. Again from these figures, it is 
evident that the transmittance is quite insensitive to the 
wavelength from approximately 400 nm to approximately 45 

700 nm. In addition, the transmittance is also insensitive to 
the incident angles up to approximately 30° in the air and 
refractive angle of approximately 20° in the glass. The 
wavelength insensitivity property ensures high light effi
ciency in the whole visible light range and good color 50 
reproduction of image displayed from the panel. The wide 
acceptance angle of the multilayer transflector also benefits 
the image quality over a large viewing angle range. The 
optimal film thickness for Si02 and Ti02 are listed in Table 
3 below. 

TABLE 3 

Optimal Thickness of the Si02 (odd) and Ti02 (even) Layers of 2nd 
Embodiment 

Thickness (nm) 

Transmittance Transmittance Transmittance 
Layer nwnber T ~ 30% T ~ 50% T ~ 70% 

75-85 92-92 55-65 
2 30-40 16-26 14-24 

35-45 60-70 65-75 

55 

60 

65 

8 

TABLE 3-continued 

Optimal Thickness of the Si02 (odd) and Ti02 (even) Layers of 2nd 
Embodiment 

Transmittance 
Layer nwnber T ~ 30% 

4 45-55 
80-90 
50-60 

7 90-100 
60-70 

9 125-135 
10 45-55 

Number of layer 10 
Total 635-735 

thickness(nm) 

Thickness (nm) 

Transmittance 
T ~ 50% 

40-50 
55-65 
76-86 
83-93 
96-106 
18-28 
70-80 

10 
596-696 

Transmittance 
T ~ 70% 

44-54 
140-150 

65-75 

383-443 

Since the ITO layer is coated directly above the dielectric 
film in the second embodiment, the dielectric film does not 
cause any voltage drop on the liquid crystal layer. 

Tolerance analysis for the dielectric transflector 170 in the 
second embodiment is shown in FIGS. 21-26. The same 
analysis procedure as described above in the first embodi
ment is used to determine the transmittance sensitivity to 
parameter variations. FIGS. 21-23 show the tolerance analy
sis for a T=30% multilayer transflector in the second 
embodiment. FIG. 21 shows the material refractive index (n) 
tolerance. FIG. 22 shows the film thickness (d) tolerance. 
FIG. 23 shows the material refractive index and film thick
ness tolerance, where material refractive index (n) and film 
thickness (d) are randomly changed within ±3% of optimal 
values. FIGS. 24, 25, and 26 show the tolerance analysis for 
a T=70% multilayer transflector, in the second embodiment. 
FIG. 24 shows the material refractive index (n) tolerance. 
FIG. 25 shows the film thickness (d) tolerance. FIG. 26 
shows the material refractive index (n) and film thickness ( d) 
tolerance, where material refractive index and film thickness 
are randomly changed within ±3% of optimal values. From 
these figures, it is shown again that the transmittance or 
reflectance of the multilayer dielectric films has a relatively 
large degree of manufacturing tolerance. 

Several outstanding features of the transflective LCD of 
the present invention are summarized below. 

The multilayer dielectric film is a robust dielectric trans
flector because it is insensitive to light from incident angles. 
Its transmittance can vary from approximately 5% to 
approximately 95% by controlling the dielectric film thick
ness and selecting the materials with proper refractive index. 
In comparison to the prior art use of metallic films, such as 
silver and aluminum, the dielectric film is robust as a result 
of over-coating a polyimide alignment layer. Moreover, it 
does not shield the applied voltage. 

Further, the dielectric transflector is parallax-free because 
the transflector is deposited in the inner side of the bottom 
LCD substrate. As a result of this arrangement, no parallax 
occurs. 

In the present invention, the simpler structure of a single 
cell gap is used. The same pixel works for both reflective (R) 
and transmissive (T) displays. The response time for the R 
and T modes is the same. The fabrication process is simple. 

FIG. 27 provides a comparison of the structure and 
operating principle of the transflective LCD of the present 
invention and two prior art transflective LCDs. FIG. 27a 
represents the present invention; FIG. 27b shows a trans
flective LCD using a metallic film; FIG. 27c shows the 
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single cell gap type transflective LCD using split-pixel 
approach. The top and bottom polarizers are crossed. The 
LC mode, for example, the vertical alignment (VA) mode as 
described by M. F. Schiekel and K. Fahrenschon, Appl. 
Phys. Lett. 19, 391 (1971), can be used for both reflective 
and transmissive displays. All three approaches shown in 
FIGS. 27a, 27b and 27c have about the same reflectance and 
transmittance. However, the transflective LCD of the present 
invention has no measurable parallax. 

From the above description, the novel transflective LCD 10 

of the present invention has a simple fabrication process. In 
comparison to the split-pixel approach, this invention does 
not need to divide R and T sub-pixels; therefore, a high 
performance and low cost transflective LCD is provided. 

Additional outstanding features of the transflective LCD 15 

of the present invention include, but are not limited to, 
having a dielectric transflector with variable transmittance 
from approximately 5% to approximately 95%, a spectral 
bandwidth that covers approximately 400 nanometers (nm) 
to approximately 700 nm, a transmittance of the dielectric 20 

transflector that is insensitive to the light incident angle and 
a dielectric transflector that is so thin that the applied voltage 
will not be shielded across the LC layer. 

10 
example, the vertical alignment (VA) mode can be used for 
both reflective and transmissive displays. All three 
approaches shown in FIGS. 27a, 27b and 27c have about the 
same reflectance and transmittance. However, the transflec
tive LCD of the present invention (FIG. 27a) has no mea
surable parallax. 

From the above description, the simple fabrication pro-
cess of the novel transflective LCD of the present invention 
is evident. The sandwich-like structure comprises a top 
polarizer layer 16 and a bottom polarizer layer 18 wherein 
each polarizer layer is adjacent to broadband quarter wave 
films which are combinations of half-wave films 20, 24 and 
quarter wave films 22, 26. Positioned between the upper and 
lower broadband quarter-wave films are an upper transpar
ent substrate 2 and a lower transparent substrate 4 which 
sandwich a liquid crystal layer 14 that is positioned above 
the multilayer dielectric transflector 6. In comparison to the 
split-pixel approach, the present invention does not need to 
divide Rand T sub-pixels therefore, a high performance and 
low cost transflective LCD is provided. In comparison to the 
metallic transflector approach, the position of the dielectric 
transflector of the present invention eliminates the problem 
of parallax. 

While the invention has been described, disclosed, illus
trated and shown in various terms of certain embodiments or 
modifications which it has presumed in practice, the scope 
of the invention is not intended to be, nor should it be 
deemed to be, limited thereby and such other modifications 
or embodiments as may be suggested by the teachings herein 

The large variable transmittance is such that for trans
flective LCDs primarily for outdoor use, a low transmittance 25 

dielectric transflector can save power; on the other hand, if 
the transflective LCD is primarily for indoor use, it is 
preferable to have a large transmittance dielectric transflec
tor, which allows more light from the backlight source to 
pass through the dielectric transflector. 30 are particularly reserved especially as they fall within the 

breadth and scope of the claims here appended. The wide spectral bandwidth from approximately 400 
nanometers (nm) to approximately 700 nm permits the 
whole visible light range to pass through or be reflected by 
the transflector. 

When the transmittance of the dielectric transflector is 35 

insensitive to the light incident angle, as in the present 
invention, the insensitivity feature ensures a good image 
quality over a wide viewing range. 

A thin dielectric transflector, such as the transflector in the 
present invention, does not shield voltage across the LC 40 

layer, so there will not be a significant voltage drop along the 
layer which results in a high driving voltage of the LC cell. 

Thus, the multilayer dielectric film is a robust dielectric 
transflector because of the many outstanding features dis
cussed above. The transmittance can vary from approxi- 45 

mately 5% to approximately 95% by controlling the dielec
tric film thickness and selecting the materials with proper 
refractive index. In comparison to the prior art use of 
metallic films, such as silver and aluminum, the dielectric 
film is also more robust as a result of over-coating a 50 

polyimide alignment layer. Moreover, it does not shield the 
applied voltage. 

Further, the dielectric transflector is parallax-free because 
the transflector is deposited in the inner side of the bottom 
LCD substrate. As a result of this arrangement, no parallax 55 

occurs. 
In the present invention, the simpler structure of a single 

cell gap is used. The same pixel works for both reflective (R) 
and transmissive (T) displays. The response time for the R 
and T modes is the same. The fabrication process is simple. 60 

FIG. 27 provides a comparison of the structure and 
operating principle of the transflective LCD of the present 
invention and two prior art transflective LCDs. FIG. 27a 
represents the present invention; FIG. 27b shows a trans
flective LCD using a metallic film; FIG. 27c shows the 65 

transflective LCD using a single cell gap approach. The top 
and bottom polarizers are crossed. The LC mode, for 

We claim: 
1. A parallax-free transflective liquid crystal display 

(LCD) device comprising: 
a top linear polarizer layer and a bottom linear polarizer 

layer, 
a first transparent substrate coated with transparent 

indium-tin-oxide (ITO) electrode and alignment film 
on an inner surface of the transparent substrate; 

a second transparent substrate; 
a first half-wave retardation film and a first quarter-wave 

retardation film sandwiched between the top linear 
polarizer and the first transparent substrate; 

a second half-wave retardation film and a second quarter
wave retardation film sandwiched between the bottom 
linear polarizer and the second transparent substrate; 

a multilayer dielectric film transflector layer having alter
nating layers of a high refractive index transparent 
material and a low refractive index transparent mate
rial; 

a liquid crystal layer positioned above the multilayer 
dielectric film transflector layer sandwiched between 
the first transparent substrate coated with ITO and the 
second transparent substrate; 

a voltage source; and 
a backlight source positioned below the bottom linear 

polarizer layer that passes light through the liquid 
crystal layer and further through the top linear polarizer 
while incident ambient light passes through the top 
linear polarizer into the liquid crystal layer and a 
portion of the incident ambient light is reflected back-
ward from the liquid crystal through the top linear 
polarizer, such that during operation of the LCD there 
is no parallax. 

2. The transflective LCD device of claim 1, further 
including a color filter layer positioned above the liquid 
crystal layer. 
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3. The transflective LCD device of claim 2 wherein the 
transmittance of the dielectric transflector is between 
approximately 5% and approximately 95%. 

4. The transflective LCD device of claim 1, wherein the 
liquid crystal is a vertical alignment mode cell. 

5. The transflective LCD device of claim 1, wherein the 
first and second transparent substrates are selected from at 
least one of glass or plastic. 

6. The transflective LCD device of claim 1 wherein the 
high refractive index material is titanium dioxide and the 10 

low refractive index material is silicon dioxide in the dielec
tric film transflector. 

12 
15. The method of claim 11, wherein the transparent 

substrates are selected from at least one of glass or plastic. 

16. The method of claim 11, wherein the transmittance of 
the dielectric transflector is between approximately 5% and 
approximately 95%. 

17. The method of claim 11, wherein the dielectric trans
flector has approximately 10 layers of films that are approxi
mately 700 nanometers (nm) in thickness. 

18. The method of claim 11, wherein the transflective 
liquid crystal display (LCD) device comprises a multilayer 
dielectric transflector that permits from approximately 5% to 
approximately 95% ofbacklight into the liquid crystal layer. 7. The transflective LCD device of claim 6 wherein the 

dielectric film transflector has alternating layers of titanium 
dioxide and silicon dioxide. 

8. The transflective LCD device of claim 1 wherein the 
dielectric film transflector having approximately 10 layers of 
films is approximately 700 nanometers (nm) in thickness. 

19. The method of claim 11, wherein the transflective 
15 LCD device has a multilayer dielectric transflector that 

reflects from approximately 5% to approximately 95% of 
incident ambient light backward to the liquid crystal layer. 

9. The transflective LCD device of claim 1, wherein the 
multilayer dielectric transflector permits from approxi
mately 5% to approximately 95% ofbacklight into the liquid 
crystal layer. 

20. A parallax-free transflective liquid crystal display 
20 (LCD) device comprising, 

10. The transflective LCD device of claim 1, wherein the 
multilayer dielectric transflector reflects from approximately 
5% to approximately 95% of incident ambient light back- 25 

ward to the liquid crystal layer. 
11. A method for making a high performance, low cost, 

parallax-free transflective liquid crystal display device com
prising the steps of: 

a) placing a liquid crystal (LC) layer above a multilayer 30 

dielectric film transflector; 
b) sandwiching the LC layer and dielectric transflector 

between an upper transparent substrate and a lower 
transparent substrate, wherein the dielectric transflector 
further comprises alternating layers of a high refractive 35 

index material and a low refractive index material 
sandwiched between a transparent polyimide layer and 
an indium-tin-oxide layer; 

c) placing the upper and lower transparent substrates 
sandwiching the LC layer and dielectric transflector 40 

between a top polarizer layer and a bottom polarizer 
layer; 

d) positioning the bottom polarizer layer above a back
light source; and applying voltage to the liquid crystal 
layer. 

12. The method of claim 11 further including the steps of: 
45 

a) placing the upper and lower transparent substrates 
sandwiching the LC layer and dielectric transflector 
between an upper layer of a half-wave film and quarter
wave film and a lower layer of a half-wave film and 50 

quarter-wave film; and 
b) placing the upper and lower layers of a half-wave film 

and a quarter wave film between a top polarizer layer 
and a bottom polarizer layer. 

13. The method of claim 11, wherein the liquid crystal is 55 

a vertical alignment mode cell. 
14. The method of claim 11 wherein the high refractive 

index material is titanium dioxide and the low refractive 
index material is silicon dioxide in the dielectric transflector. 

a first linear polarizer layer and a second linear polarizer 
layer; 

a first transparent substrate coated with a color filter layer, 
a transparent indium-tin-oxide electrode, and a first 
alignment film on an inner surface of the first trans
parent substrate; 

a second transparent substrate coated with a multilayer 
dielectric film, a second transparent indium-tin-oxide 
electrode, and a second alignment film on an inner 
surface of the second transparent substrate, the multi
layer dielectric film including alternating layers of a 
high refractive index transparent material and a low 
refractive index transparent material so that it allows 
one part of incident light to pass through and the other 
part of light to be reflected back; 

a vertically aligned liquid crystal layer positioned 
between the first alignment film and the second align
ment film wherein both the first alignment film and the 
second alignment film make the liquid crystal mol
ecules aligned substantially perpendicular to the sur
faces of the first and the second transparent substrates 
when no external electric field is applied; 

a first half-wave retardation film and a first quarter-wave 
retardation film sandwiched between the first linear 
polarizer and the first transparent substrate; 

a second half-wave retardation film and a second quarter
wave retardation film sandwiched between the second 
linear polarizer and the second transparent substrate; 

a voltage source to apply voltage between the first trans
parent indium-tin-oxide electrode on the first transpar
ent substrate and the second transparent indium-tin
oxide electrode on the second transparent substrate; and 

a backlight source positioned below the second linear 
polarizer layer to provide a light source for displaying 
a transmissive image. 

* * * * * 
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