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(57) ABSTRACT 

There is disclosed a liquid crystal display device comprising 
an array substrate, an counter substrate, and a liquid crystal 
layer Which is held betWeen the array substrate and the 
counter substrate and Whose liquid crystal molecular 
arrangement is divided into a plurality of pixel areas con 

trolled by the array substrate and opposite substrate. The 
array substrate includes a re?ective pixel electrode for 

scattering a light incident via the counter substrate and liquid 
crystal layer. The re?ective pixel electrode has a re?ective 
surface in Which a ?rst undulation having a gradual inclined 
surface disposed in each pixel area and a second undulation 
having a plurality of convex portions as main scattering 
portions disposed in each pixel area are superimposed. 
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LIQUID CRYSTAL DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2000-333722, ?led Oct. 31, 2000; and No. 2001 
110450, ?led Apr. 9, 2001, the entire contents of both of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a liquid crystal 
display device, particularly to a re?ective liquid crystal 
display device having a re?ection function, and a semi 
transmission type liquid crystal display device having a 
re?ection function and transmission function. 

[0004] 2. Description of the Related Art 

[0005] In recent years, a liquid crystal display device has 
been applied to various apparatuses such as a personal 
computer, television, Word processor, and mobile phone. An 
application range of the liquid crystal display device has 
been broadened, Whereas a demand for enhanced functions 
such as a small siZe, poWer saving, and loW cost is increas 
ing. To satisfy this demand, development of a re?ective 
liquid crystal display device has been advanced. Since the 
re?ective liquid crystal display device uses an external light 
to display an image, an internal light source such as a back 
light unit is not required. 

[0006] In the re?ective liquid crystal display device, the 
external light is re?ected by a re?ective plate and optically 
modulated by a liquid crystal layer so that the image is 
displayed. A brightness of the external light depends on an 
installation environment of the liquid crystal display device, 
and is not stable as in a back light. Therefore, to prevent a 
light intensity of the external light from being attenuated as 
much as possible is important for display of a bright image. 
Particularly, a re?ection property of the re?ective plate 
largely in?uences the attenuation of the light intensity. 
Therefore, optimiZation is attempted in order to obtain the 
re?ection property for ef?ciently re?ecting the external light 
incident at any angle. 

[0007] As one example of the optimiZation, it is proposed 
to dispose an undulation on a re?ective surface of the 
re?ective plate as shoWn in FIG. 10. That is, the undulation 
of the re?ective surface controls scattering of a re?ected 
light so as to concentrate the re?ected light in a certain range 
of area, and raise a re?ected light intensity With respect to a 
speci?c observation direction. 

[0008] In actual manufacturing, the re?ective surface hav 
ing the aforementioned undulation is obtained by disposing 
the re?ective plate on a main scattering portion including a 
plurality of irregularly arranged circular protrusions. The 
re?ection property of the re?ective plate is substantially 
optimum, When a diameter d of the protrusion is set to a 
range of 3 to 20 pm, and a height H of the protrusion is set 
to a range of 0.6 to 1.2 pm. HoWever, When the undulation 
of the re?ective surface, that is, a difference of elevation 
exceeds 1 pm by the aforementioned structure With respect 
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to a small lateral Width of about 10 pm, this induces an 
alignment defect of a liquid crystal, and an image contrast is 
deteriorated. 

[0009] As a countermeasure, if the difference of elevation 
of the re?ective surface is limited to about 0.5 pm With 
respect to the aforementioned lateral Width, the deterioration 
of an image quality can be avoided. HoWever, When such 
countermeasure is taken, an inclination angle of the re?ec 
tive surface decreases. Therefore, the re?ected light intensity 
in the vicinity of regular re?ection relatively increases. As a 
result, a range of an angle of a ?eld of vieW in Which a 
suf?cient re?ected light intensity is obtained is narroWed. 
That is, this countermeasure is not practical because the 
re?ection property of the re?ective plate is not optimiZed. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention has been developed in con 
sideration of the aforementioned problem, and an object 
thereof is to provide a liquid crystal display device Which 
can prevent an alignment defect of a liquid crystal Without 
deteriorating a satisfactory optical property and Which has a 
high contrast and a satisfactory display quality level. 

[0011] To solve the problem and achieve the object, there 
is provided a liquid crystal display device comprising: ?rst 
and second electrode substrates; and a liquid crystal layer 
Which is held betWeen the ?rst and second electrode sub 
strates and Whose liquid crystal molecular arrangement is 
divided into a plurality of pixel areas controlled by the ?rst 
and second electrode substrates, 

[0012] Wherein the ?rst electrode substrate includes a 
re?ective plate for scattering a light incident via the second 
electrode substrate and the liquid crystal layer, and 

[0013] the re?ective plate has a re?ective surface in Which 
a ?rst undulation formed by disposing a gradual inclined 
surface in each pixel area and a second undulation formed by 
disposing a plurality of main scattering portions in each 
pixel area are superimposed. 

[0014] Moreover, there is provided a liquid crystal display 
device comprising: ?rst and second electrode substrates; and 
a liquid crystal layer Which is held betWeen the ?rst and 
second electrode substrates and Whose liquid crystal 
molecular arrangement is divided into a plurality of pixel 
areas controlled by the ?rst and second electrode substrates, 

[0015] Wherein the ?rst electrode substrate includes an 
area in Which a re?ective plate for scattering a light incident 
via the second electrode substrate and the liquid crystal layer 
is formed and Which has a re?ection function, and an area 
having a transmission function for transmitting the light 
incident via the ?rst electrode substrate, and 

[0016] the re?ective plate has a re?ective surface in Which 
a ?rst undulation formed by disposing a gradual inclined 
surface in each pixel area and a second undulation formed by 
disposing a plurality of main scattering portions in each 
pixel area are superimposed. 

[0017] In the liquid crystal display device, the re?ective 
plate has the re?ective surface in Which the ?rst undulation 
formed by disposing the gradual inclined surface in each 
pixel area and the second undulation formed by disposing 
the plurality of main scattering portions in each pixel area 
are superimposed. That is, the main scattering portion of the 
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second undulation controls scattering of the re?ected light 
on the gradual inclined surface obtained by the ?rst undu 
lation With respect to each pixel area. 

[0018] In this case, even When a difference of elevation of 
the second undulation is limited With respect to a micro 
lateral Width, an inclination angle of the re?ective surface is 
not reduced, and a re?ection property of the re?ective plate 
can be maintained to be optimum by superimposition of the 
?rst and second undulations. In other Words, an alignment 
defect of a liquid crystal can be prevented Without deterio 
rating a satisfactory optical property, that is, re?ection 
property. As a result, the liquid crystal display device can 
display a high-quality image Which has a broad angle of ?eld 
of vieW and a high contrast. 

[0019] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0020] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to eXplain the principles of 
the invention. 

[0021] FIG. 1 is a diagram shoWing a sectional structure 
in the vicinity of a piXel of a re?ective liquid crystal display 
device according to a ?rst embodiment of the present 
invention. 

[0022] FIG. 2 is a diagram shoWing a plane structure in 
the vicinity of the piXel shoWn in FIG. 1. 

[0023] FIG. 3 shoWs a sectional structure taken along line 
III-III shoWn in FIG. 2. 

[0024] FIGS. 4A to 4H are diagrams shoWing manufac 
turing steps of an array substrate shoWn in FIG. 1. 

[0025] FIG. 5 is a diagram shoWing the plane structure in 
the vicinity of the piXel of the re?ective liquid crystal display 
device according to a second embodiment of the present 
invention. 

[0026] FIG. 6 is a diagram shoWing a sectional structure 
taken along line VI-VI shoWn in FIG. 5. 

[0027] FIG. 7 is a diagram shoWing the plane structure in 
the vicinity of the piXel of the re?ective liquid crystal display 
device according to a third embodiment of the present 
invention. 

[0028] FIG. 8 is a diagram shoWing a sectional structure 
taken along line VIII-VIII shoWn in FIG. 7. 

[0029] FIGS. 9A to 9] are diagrams shoWing the manu 
facturing steps of the array substrate of the re?ective liquid 
crystal display device according to a fourth embodiment of 
the present invention. 

[0030] FIG. 10 is a diagram shoWing the sectional struc 
ture of a piXel peripheral surface of a conventional re?ective 
liquid crystal display device. 
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[0031] FIG. 11 is a diagram shoWing the sectional struc 
ture in the vicinity of the piXel of a semi-transmission type 
liquid crystal display device according to a ?fth embodiment 
of the present invention. 

[0032] FIG. 12 is a diagram shoWing the plane structure 
in the vicinity of the piXel shoWn in FIG. 11. 

[0033] FIG. 13 shoWs a sectional structure taken along 
line A-B shoWn in FIG. 12. 

[0034] FIGS. 14A to 14H are diagrams shoWing manu 
facturing steps of the array substrate shoWn in FIG. 11. 

[0035] FIG. 15 is a diagram shoWing the sectional struc 
ture in the vicinity of the piXel of the semi-transmission type 
liquid crystal display device according to a siXth embodi 
ment of the present invention. 

[0036] FIG. 16 is a diagram shoWing the sectional struc 
ture in the vicinity of the piXel of the semi-transmission type 
liquid crystal display device according to a seventh embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] A liquid crystal display device according to one 
embodiment of the present invention Will be described 
hereinafter With reference to the draWings. 

[0038] FIG. 1 shoWs a sectional structure in the vicinity of 
a piXel of a re?ective liquid crystal display device according 
to a ?rst embodiment of the liquid crystal display device, 
FIG. 2 shoWs a plane structure in the vicinity of the piXel of 
the re?ective liquid crystal display device, and FIG. 3 shoWs 
a sectional structure taken along line III-III shoWn in FIG. 
2. The liquid crystal display device includes an array sub 
strate 10, an counter substrate 11, and a liquid crystal layer 
12 held betWeen these substrates 10 and 11. 

[0039] The array substrate 10 includes an insulating sub 
strate 13, a plurality of re?ective piXel electrodes 23 
arranged in a matriX form, a plurality of signal lines 14 
arranged along a roW of these re?ective piXel electrodes 23, 
a plurality of scanning lines 15 arranged along a line of these 
re?ective piXel electrodes 23, a plurality of thin ?lm tran 
sistors for piXels (TFT) 24 arranged as sWitching elements in 
the vicinity of intersection positions of the corresponding 
scanning line 15 and signal line 14, and an alignment ?lm 31 
With Which the plurality of re?ective piXel electrodes 23 are 
coated. 

[0040] The counter substrate 11 includes an insulating 
substrate 36 having permeability to light, a coloring layer 37 
forming a color ?lter With Which the insulating substrate 36 
is coated, a transparent counter electrode 38 With Which the 
coloring layer 37 is coated, and an alignment ?lm 39 With 
Which the counter electrode 38 is coated. Moreover, a 
polariZation plate 40 is attached to the transparent insulating 
substrate 36 on a side opposite to the coloring layer 37. 

[0041] The liquid crystal layer 12 is divided into a plu 
rality of piXel areas PX for the plurality of re?ective piXel 
electrodes 23. Each piXel area PX is disposed betWeen tWo 
adjacent scanning lines 15 and tWo adjacent signal lines 14. 
Each thin ?lm transistor 24 becomes conductive in response 
to a scanning pulse supplied from the corresponding scan 
ning line 15, and supplies a potential of the corresponding 
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signal line 14 to the corresponding re?ective pixel electrode 
23. Each re?ective pixel electrode 23 applies the potential of 
the corresponding signal line 14 as a pixel potential to the 
corresponding pixel area PX of the liquid crystal layer 12, 
and controls a transmittance of the pixel area PX based on 
a difference betWeen the pixel potential and the potential of 
the counter electrode 38. 

[0042] In the array substrate 10, each TFT 24 includes a 
semiconductor layer 16 of amorphous silicon or polysilicon, 
a gate electrode 18 formed above the semiconductor layer 16 
in an insulated manner and connected to the corresponding 
scanning line 15, and source and drain electrodes 19, 20 
Which contact a source area 165 and drain area 16D of the 
semiconductor layer 16 via contact holes 21, 22 on opposite 
sides of the gate electrode 18 and Which are connected to the 
corresponding re?ective pixel electrode 23 and correspond 
ing signal line 14, respectively. 

[0043] The semiconductor layer 16 is formed on the 
insulating substrate 13, and coated With a gate insulating 
?lm 17 together With the insulating substrate 13. The gate 
electrode 18 is insulated from the semiconductor layer 16 by 
the gate insulating ?lm 17, and integrally formed With the 
corresponding scanning line 15 on the gate insulating ?lm 
17. The gate electrode 18 and scanning line 15 as Well as the 
gate insulating ?lm 17 are coated With an interlayer insu 
lating ?lm 32. 

[0044] The contact holes 21, 22 are formed in the inter 
layer insulating ?lm 32 and gate insulating ?lm 17 so that 
the source area 16S and drain area 16D formed in the 
semiconductor layer 16 are exposed on the opposite sides of 
the gate electrode 18. The source electrode 19 and drain 
electrode 20 are in contact With the source area 165 and 
drain area 16D of the semiconductor layer 16 in these 
contact holes 21, 22, respectively, and formed on the inter 
layer insulating ?lm 32. 

[0045] The source electrode 19 is integrally formed With 
an expansion source electrode 33 on the interlayer insulating 
?lm 32. The drain electrode 20 is integrally formed With the 
corresponding signal line 14 on the interlayer insulating ?lm 
32. The source electrode 19, expansion source electrode 33, 
drain electrode 20, and signal line 14, together With the 
interlayer insulating ?lm 32, are coated With a protective 
insulating ?lm 25. 

[0046] The protective insulating ?lm 25 has a contact hole 
29 in Which the expansion source electrode 33 is partially 
exposed, and is coated With an organic insulating ?lm 26. 
The organic insulating ?lm 26 has a contact hole 30 in Which 
the expansion source electrode 33 is partially exposed, and 
the contact hole 30 is formed in the contact hole 29 of the 
protective insulating ?lm 25. The re?ective pixel electrode 
23 contacts the expansion source electrode 33 in the contact 
holes 29, 30, and is formed on the organic insulating ?lm 26 
and coated With the alignment ?lm 31. 

[0047] The organic insulating ?lm 26 has an upper surface 
in Which a ?rst molding undulation gradually depressed 
toWard the vicinity of a middle from an outer edge in a range 
of each pixel area PX and a second molding undulation 
rising in a plurality of positions in the range of the pixel area 
PX are superimposed. That is, the ?rst molding undulation 
is a gradual inclined surface, and is constituted of a convex 
portion 26a arranged along the outer edge in the range of the 
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pixel area PX, and a concave portion 26b surrounded by the 
convex portion 26a. The second molding undulation is 
constituted of a plurality of hemispheric convex portions 26c 
arranged at random in the range of the pixel area PX, and 
concave portions 26d surrounding these convex portions 
26c. 

[0048] The re?ective pixel electrode 23 functions as a 
re?ective plate for scattering a light incident from the 
counter substrate 11 via the liquid crystal layer 12 at a high 
re?ectance, contains materials such as silver, aluminum, and 
an alloy of these, and is formed in a predetermined thickness 
along the upper surface of the organic insulating ?lm 26. 
Therefore, the re?ective pixel electrode 23 is formed on the 
upper surface of the organic insulating ?lm 26, and is 
de?ned to have a re?ective surface in Which a ?rst undula 
tion formed by disposing the gradual inclined surface in the 
range of the pixel area PX and a second undulation formed 
by disposing a plurality of main scattering portions in the 
range of the pixel area PX are superimposed. 

[0049] That is, the ?rst undulation of the re?ective pixel 
electrode 23 is constituted of a concave portion 23b corre 
sponding to the concave portion 26b of the organic insulat 
ing ?lm 26, and a convex portion 23a corresponding to the 
convex portion 26a of the organic insulating ?lm 26. The 
second undulation of the re?ective pixel electrode 23 is 
constituted of a convex portion 23c corresponding to the 
convex portion 26c of the organic insulating ?lm 26, and a 
concave portion 23d corresponding to the concave portion 
26d of the organic insulating ?lm 26. The gradual inclined 
surface of the ?rst undulation is obtained as a combination 
of the convex portion 23a and concave portion 23b. The 
main scattering portion of the second undulation is obtained 
as the randomly disposed convex portion 23c or concave 
portion 23d In FIG. 1, H1 indicates a difference of elevation 
of the ?rst undulation as a height of the convex portion 23a 
or a depth of the concave portion 23b, and H2 indicates a 
difference of elevation of the second undulation as a height 
of the convex portion 23c or a depth of the concave portion 
23d. 

[0050] Manufacturing steps of the aforementioned re?ec 
tive liquid crystal display device Will next be described. 

[0051] FIGS. 4A to 4H shoW the manufacturing steps of 
the array substrate 10. In manufacturing of the array sub 
strate 10, ?rst the semiconductor layer 16 is formed on the 
insulating substrate 13 of a glass plate, quartZ plate, or the 
like. The semiconductor layer 16 is formed by depositing, 
for example, amorphous silicon on the insulating substrate 
13 in a thickness of about 50 nm by a CVD process, and 
patterning this layer by a photo-etching process. 

[0052] Subsequently, the gate insulating ?lm 17 is formed 
by depositing SiOx on the semiconductor layer 16 and 
insulating substrate 13 in a thickness of the order of 100 nm 
to 150 nm by the CVD process. 

[0053] Subsequently, the gate electrode 18 and scanning 
line 15 are integrally formed by depositing a single metal 
such as Ta, Cr, Al, Mo, W, and Cu, or a deposited or alloy 
?lm of the metals on the gate insulating ?lm 17 in a 
thickness of the order of 200 nm to 400 nm, and patterning 
the ?lm by the photo-etching process. Thereafter, an impu 
rity such as phosphorus is injected into the semiconductor 
layer 16 by an ion injecting or doping process using the gate 
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electrode 18 as a mask. Here, phosphorus is accelerated, for 
example, at an acceleration voltage of 80 keV in an atmo 
sphere of PH3/H2, and injected at a dosage of 5><1015 
atoms/cm2, that is, at a high concentration. The impurity 
injected area is activated by annealing the semiconductor 
layer 16, and constitutes a source and drain of the thin ?lm 
transistor 24. 

[0054] In the step shoWn in FIG. 4A, the interlayer 
insulating ?lm 32 is formed by using, for example, a 
PECVD process to deposit SiOx on the gate electrode 18, 
scanning line 15, and gate oxide ?lm 17 in a thickness of the 
order of 500 nm to 700 nm. Thereafter, the interlayer 
insulating ?lm 32 is patterned by the photo-etching process 
so that the source and drain of the semiconductor layer 16 
are exposed, and thereby the contact holes 21 and 22 are 
formed. 

[0055] In the step shoWn in FIG. 4B, the single metal such 
as Ta, Cr, Al, Mo, W, and Cu, or the laminated or alloy ?lm 
of the metals is deposited on the interlayer insulating ?lm 32 
in a thickness of the order of 500 nm to 700 nm, and 
patterned into a predetermined shape by the photo-etching 
process, so that Wirings such as the signal line 14, source 
electrode 19, expansion source electrode 33, and scanning 
line 15 are formed. 

[0056] In the step shoWn in FIG. 4C, the protective 
insulating ?lm 25 is formed by depositing SiNx on these 
Wirings and interlayer insulating ?lm 32 by the PECVD 
process. Thereafter, the contact hole 29 is formed by pat 
terning the protective insulating ?lm 25 by the photo-etching 
process. 

[0057] In the step shoWn in FIG. 4D, the organic insulat 
ing ?lm 26 is formed by applying a positive photosensitive 
resin on the protective insulating ?lm 25 in a thickness of the 
order of 1 pm to 4 pm by a spin coating process or the like, 
and further pre-baking the Whole array substrate 10. When 
a viscosity and spin rotation number of the photosensitive 
resin are optimiZed, the ?rst molding undulation of the 
convex portion 26a and concave portion 26b can be formed 
in the pixel area PX surrounded by the tWo adjacent signal 
lines 14 and tWo adjacent scanning lines 15. Concretely, the 
difference of elevation of the order of 0.1 pm to 0.5 pm is 
generated in the upper surface of the organic insulating ?lm 
26 depending upon the thickness of the Wiring materials 
such as the scanning line 15 and signal line 14. The convex 
portion 26a is disposed in the outer edge of each pixel area 
PX, that is, in a boundary With the adjacent pixel area, and 
the concave portion 26b is disposed to be surrounded by the 
convex portion 26a. Therefore, a dimension D1 of the 
concave portion 26b substantially agrees With a pixel pitch 
usually of the order of 20 pm to 400 pm. 

[0058] In the step shoWn in FIG. 4E, 21 ?rst photo mask is 
used to partially expose the organic insulating ?lm 26 in a 
range corresponding to the contact hole 29. An opening is 
made in the organic insulating ?lm 26 in order to form the 
contact hole 30 in Which the expansion source electrode 33 
is exposed. Therefore, a exposure i is preferably of the order 
of 200 m] to 1000 m]. 

[0059] Subsequently, a second photo mask 34 is used to 
expose the organic insulating ?lm 26 in the range of the 
pixel area PX. The second photo mask has a circular 
shielding portion disposed at random such that the portion is 
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prevented from overlapping With the signal line 14 and 
scanning line 15. Here, a diameter of the shielding portion 
is set to be of the order of 2 pm to 20 pm, Which is smaller 
than the dimension D1 of the concave portion 26b, and the 
exposure is set to a range of 10 m] to 200 m]. The undulation 
of the organic insulating ?lm 26, that is, a concave/convex 
shape and density can be controlled in accordance With an 
opening shape, the opening density of the photo mask 34, 
exposure, and the like. 

[0060] In the step shoWn in FIG. 4F, the organic insulating 
?lm 26 is developed in order to remove the aforementioned 
exposed portion, and thereby a plurality of convex portions 
26c‘ and concave portions 26d‘ are formed in the organic 
insulating ?lm 26 together With the contact hole 30. Addi 
tionally, in the exposure using the second photo mask 34, the 
exposure is in the range of 10 to 200 m]. Therefore, a bottom 
of the concave portion 26d‘ does not reach the protective 
insulating ?lm 25 as a substrate of the organic insulating ?lm 
26, and remains in the vicinity of the upper surface of the 
organic insulating ?lm 26. 

[0061] In the step shoWn in FIG. 4G, a heating treatment 
of the array substrate 10 is performed. This changes the 
convex portion 26c‘ and concave portion 26a" of the organic 
insulating ?lm 26 to the chamfered smoothly hemispheric 
convex portion 26c and the concave portion 26d surrounding 
the convex portion 26c, and the second molding undulation 
is formed. A diameter D2 of the convex portion 26c is set to 
be smaller than the dimension D1 of the concave portion 26b 
in accordance With the diameter of the shielding portion. 

[0062] In the step shoWn in FIG. 4H, 21 metal ?lm of Al, 
Ni, Cr, Ag or the like is deposited on the organic insulating 
?lm 26 in a thickness of about 100 nm by a sputtering 
process, and patterned in a predetermined shape in the 
photo-etching process, and thereby the re?ective pixel elec 
trode 23 is formed. 

[0063] In the manufacturing of the counter substrate 11, 
the glass plate, quartZ plate, or the like is used as the 
insulating substrate 36 permeable to light, and the coloring 
layer 37 With a pigment, and the like dispersed therein is 
formed on the insulating substrate 36. The transparent 
counter electrode 38 is formed by depositing, for example, 
ITO on the coloring layer 37 by the sputtering process. 

[0064] The array substrate 10 and counter substrate 11 are 
integrally formed after the alignment ?lms 31 and 39 are 
formed. The alignment ?lm 31 is formed by applying 
loW-temperature cure type polyimide by printing so that the 
re?ective pixel electrode 23 and organic insulating ?lm 26 
are coated, and performing a rubbing treatment. Moreover, 
the alignment ?lm 39 is formed by applying loW-tempera 
ture cure type polyimide by printing so that the transparent 
counter electrode 38 is coated, and performing a rubbing 
treatment. 

[0065] The array substrate 10 and counter substrate 11 are 
obtained as described above, and disposed opposite to each 
other, While the alignment ?lms 31 and 39 are disposed 
inside. These substrates are attached to each other via a 
peripheral edge seal material at a predetermined interval. 
The liquid crystal layer 12 is obtained by forming a liquid 
crystal injected space surrounded by the peripheral edge seal 
material into a cell betWeen the array substrate 10 and the 
counter substrate 11, and injecting and sealing a liquid 
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crystal composition such as a nematic liquid crystal into the 
cell. The polarization plate 40 is attached to the transparent 
insulating substrate 36 on the side opposite to the coloring 
layer 37. The re?ective liquid crystal display device is 
completed as described above. 

[0066] In the liquid crystal display device according to the 
?rst embodiment, the re?ective piXel electrode 23 consti 
tutes the re?ective plate, and the re?ective surface has a state 
in Which the ?rst undulation having the difference of eleva 
tion H1 and the second undulation having the difference of 
elevation H2 are superimposed. The ?rst undulation is 
constituted of the conveX portion 23a disposed along the 
outer edge in the range of the piXel area PX, and the concave 
portion 23b surrounded by the conveX portion 23a. The 
second undulation is constituted of the plurality of hemi 
spheric conveX portions 23c arranged at random in the range 
of the piXel area PX, and the concave portions 23d sur 
rounding these conveX portions 23c. 

[0067] That is, the ?rst undulation is gradually depressed 
toWard the vicinity of the middle from the outer edge in the 
range of each piXel area PX, and is is formed by disposing 
the gradual inclined surface in each piXel area PX. More 
over, the second undulation rises in the plurality of positions 
in the range of the piXel area PX, and is formed by disposing 
the plurality of main scattering portions in each piXel area 
PX. 

[0068] A re?ected light on the re?ective surface is scat 
tered by an inclination angle obtained by superimposing an 
inclination angle obtained by the second undulation upon the 
inclination angle obtained by the ?rst undulation. Therefore, 
even When the inclination angle obtained by the second 
undulation is small, an optimum re?ection property can be 
obtained. On the other hand, the difference of elevation in a 
micro range can be set to a value suf?ciently smaller than a 
conventional value, such as H2. Therefore, a liquid crystal 
alignment defect attributed to the difference of elevation can 
be prevented. As a result, the re?ective liquid crystal display 
device can display a high-quality image having a broad 
angle of ?eld of vieW and high contrast. 

[0069] In the ?rst embodiment, the second undulation is 
disposed in a position excluding a space betWeen the re?ec 
tive piXel electrodes 23. This does not substantially cause 
deterioration of a re?ection property of the re?ective sur 
face, and additionally the second molding undulation on the 
side of the organic insulating ?lm 26 can be obviated in the 
range of the space. Therefore, a patterning defect is not 
generated during patterning of the metal ?lm deposited 
using the organic insulating ?lm 26 as the substrate in the 
step of forming the re?ective piXel electrode 23, and a point 
defect by a short-circuit betWeen the piXel electrodes 23 can 
be reduced. Moreover, the second molding undulation is 
disposed so that the undulation is prevented from overlap 
ping With the scanning line 15 and signal line 14. Therefore, 
a parasitic capacity betWeen the scanning line 15 and the 
piXel electrode 23 and betWeen the signal line 14 and the 
piXel electrode 23 can be reduced. Therefore, a display 
quality can be prevented from being deteriorated by cross 
talk, or the like. 

[0070] The re?ective liquid crystal display device accord 
ing to a second embodiment of the present invention Will 
neXt be described. FIG. 5 shoWs the plane structure in the 
vicinity of the piXel of the re?ective liquid crystal display 
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device, and FIG. 6 shoWs a sectional structure taken along 
line VI-VI shoWn in FIG. 5. The liquid crystal display 
device is constituted similarly as the ?rst embodiment 
eXcept the folloWing structure. Therefore, in FIGS. 5 and 6, 
a part similar to that of the ?rst embodiment is denoted With 
the same reference numeral, and the description thereof is 
omitted. 

[0071] As shoWn in FIG. 5, in this liquid crystal display 
device, the protective insulating ?lm 25 is selectively 
removed so that the interlayer insulating ?lm 32 is eXposed 
and a plurality of island portions 50 are left in an area 
corresponding to the re?ective piXel electrode 23, and the 
organic insulating ?lm 26 is formed using the protective 
insulating ?lm 25 and interlayer insulating ?lm 32 as 
substrates. This island portion 50 is disposed inside the outer 
edge of each piXel area. In this case, the ?rst molding 
undulation is obtained in the upper surface of the organic 
insulating ?lm 26 depending upon the aforementioned con 
stitution, and the re?ective piXel electrode 23 is formed 
along the upper surface. 

[0072] Thereby, the inclination angle of the ?rst undula 
tion of the re?ective piXel electrode 23 is formed depending 
upon the thickness of the plurality of island portions. More 
over, the re?ective undulation of the re?ective piXel elec 
trode 23 is obtained in Which the plurality of main scattering 
portions, that is, conveX portions 23c are disposed in the 
gradual inclined surface as shoWn in FIG. 6. The re?ective 
piXel electrode 23 is formed along the upper surface as 
shoWn in FIG. 6. 

[0073] Similarly as the ?rst embodiment, in the re?ective 
liquid crystal display device of the second embodiment, the 
alignment defect of liquid crystal can be prevented Without 
deteriorating a satisfactory optical re?ection property. More 
over, an interval of the island portions 50 can arbitrarily be 
changed. Therefore, even With a large piXel pitch, a situation 
in Which the optical re?ection property cannot be optimiZed 
cannot easily be induced. Furthermore, since these islands 
50 are arranged at random, light interference attributed to 
regularity of a light scattering pattern is prevented and 
coloring of the re?ected light can be reduced. 

[0074] The re?ective liquid crystal display device accord 
ing to a third embodiment of the present invention Will neXt 
be described. FIG. 7 shoWs the plane structure in the vicinity 
of the piXel of the re?ective liquid crystal display device, 
and FIG. 8 shoWs a sectional structure taken along line 
VIII-VIII shoWn in FIG. 7. The liquid crystal display device 
is constituted similarly as the ?rst embodiment eXcept the 
folloWing structure. Therefore, in FIGS. 7 and 8, the part 
similar to that of the ?rst embodiment is denoted With the 
same reference numeral, and the description thereof is 
omitted. 

[0075] In the liquid crystal display device, as shoWn in 
FIG. 7, each scanning line 15 is disposed to cross a middle 
of the re?ective piXel electrode 23 beloW the corresponding 
re?ective piXel electrode 23. When the scanning line 15 is 
coated With the successively formed interlayer insulating 
?lm 32, protective insulating ?lm 25, and organic insulating 
?lm 26, the ?rst molding undulation is obtained in the upper 
surface of the organic insulating ?lm 26 depending upon the 
aforementioned constitution, and the re?ective piXel elec 
trode 23 is formed along the upper surface. 

[0076] Thereby, the inclination angle of the ?rst undula 
tion of the re?ective piXel electrode 23 is set depending upon 
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the thickness of the scanning line 15. Moreover, the re?ec 
tive surface of the re?ective pixel electrode 23 is obtained in 
Which the plurality of main scattering portions, that is, 
convex portions 23c are formed on the gradual inclined 
surface as shoWn in FIG. 8. 

[0077] In the re?ective liquid crystal display device of the 
third embodiment, similarly as the ?rst embodiment, the 
alignment defect of liquid crystal can be prevented Without 
deteriorating the satisfactory optical re?ection property. 
Furthermore, since the scanning line 15 is not disposed 
betWeen the re?ective pixel electrodes 23, the light re?ected 
by the surface of the scanning line 15 is suppressed, and the 
high-quality image having a high contrast can be displayed. 

[0078] The re?ective liquid crystal display device accord 
ing to a fourth embodiment of the present invention Will next 
be described. FIG. 9 shoWs manufacturing steps of the 
re?ective liquid crystal display device. The liquid crystal 
display device is constituted similarly as the ?rst embodi 
ment except the folloWing structure. Therefore, in FIG. 9, 
the part similar to that of the ?rst embodiment is denoted 
With the same reference numeral, and the description thereof 
is omitted. 

[0079] In the manufacturing of the array substrate 10, the 
glass plate, quartZ plate, or the like is used as the insulating 
substrate 13, and the semiconductor layer 16 is formed by 
depositing, for example, amorphous silicon on the insulating 
substrate 13 in a thickness of about 50 nm by the CVD 
process, and patterning this layer by the photo-etching 
process. 

[0080] Subsequently, the gate insulating ?lm 17 is formed 
by depositing Siox on the semiconductor layer 16 and 
insulating substrate 13 in a thickness of the order of 100 nm 
to 150 nm by the CVD process. 

[0081] Subsequently, the gate electrode 18 and scanning 
line 15 are integrally formed by depositing the single metal 
such as Ta, Cr, Al, Mo, W and Cu, or the deposited or alloy 
?lm of the metals on the gate insulating ?lm 17 in a 
thickness of the order of 200 nm to 400 nm, and patterning 
the ?lm by the photo-etching process. Thereafter, the impu 
rity such as phosphorus is injected into the semiconductor 
layer 16 by the ion injecting or doping process using the gate 
electrode 18 as the mask. Here, phosphorus is accelerated, 
for example, at an acceleration voltage of 80 keV in an 
atmosphere of PH3/H2, and injected at a dosage of 5><1015 
atoms/cm2, that is, at a high concentration. The impurity 
injected area is activated by annealing the semiconductor 
layer 16, and constitutes the source and drain of the thin ?lm 
transistor 24. 

[0082] Subsequently, the array substrate 10 is successively 
treated in the steps shoWn in FIGS. 9A to 9D. The steps 
shoWn in FIGS. 9A to 9D are similar to the steps shoWn in 
FIGS. 4A to 4D described in the ?rst embodiment. There 
fore, the difference of elevation of the order of 0.1 pm to 0.5 
pm is generated in the upper surface of the organic insulating 
?lm 26 depending upon the thickness of the Wiring materials 
such as the scanning line 15 and signal line 14. The convex 
portion 26a is disposed in the outer edge of each pixel area 
PX, that is, in the boundary With the adjacent pixel area, and 
the concave portion 26b is disposed to be surrounded by the 
convex portion 26a. Therefore, the dimension D1 of the 
concave portion 26b substantially agrees With the pixel pitch 
usually of the order of 20 pm to 400 pm. 
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[0083] In the step shoWn in FIG. 9E, an organic insulating 
?lm 63 is formed by applying a photosensitive resin on the 
organic insulating ?lm 26 in a thickness of 0.6 pm by the 
spin coating process, and pre-baking the array substrate 10. 

[0084] In the step shoWn in FIG. 9F, 21 photo mask 64 is 
used to expose the organic insulating ?lm 63 in the range of 
the pixel area PX. The mask has a circular transmitting 
portion disposed at random such that the portion is pre 
vented from overlapping With the signal line 14 and scan 
ning line 15. Here, a diameter of the transmitting portion is 
set to be of the order of 2 pm to 20 pm, Which is smaller than 
the dimension D1 of the concave portion 26b, and the 
exposure is set to a range of 50 m] to 4000 m]. The 
undulation of the organic insulating ?lm 63, that is, the 
concave/convex shape and density can be controlled in 
accordance With the opening shape, the opening density of 
the photo mask 64, exposure, and the like. 

[0085] In the step shoWn in FIG. 9G, the organic insulat 
ing ?lm 63 is developed in order to remove the aforemen 
tioned exposed portion from the organic insulating ?lm 26, 
and thereby a plurality of micro circular concave portions 
63b‘ and a convex portion 63a‘ surrounding these concave 
portions 63b‘ are formed. 

[0086] In the step shoWn in FIG. 9H, the heating treatment 
of the array substrate 10 is performed. This changes the 
concave portion 63b‘ and convex portion 63a‘ of the organic 
insulating ?lm 63 to the chamfered smooth concave portion 
63b and convex portion 63a surrounding the concave por 
tion 63b. 

[0087] In the step shoWn in FIG. 91, an organic insulating 
?lm 67 is formed by applying the photosensitive resin 
similar to the resin used in forming the organic insulating 
?lm 63 on the organic insulating ?lm 26 in a thickness of 0.3 
pm by the spin coating process so that the concave portion 
63b and convex portion 63a are coated, and pre-baking the 
array substrate 10. Thereby, the second molding undulation 
is obtained in the organic insulating ?lm 67. The second 
molding undulation is constituted by concave portions 67b 
and convex portions 67a surrounding these concave portions 
67b. 

[0088] In the step shoWn in FIG. 9J, a metal ?lm of Al, 
Ni, Cr, Ag or the like is deposited on the organic insulating 
?lm 67 in a thickness of about 100 nm by the sputtering 
process, and patterned in the predetermined shape by the 
photo-etching process, and thereby the re?ective pixel elec 
trode 23 is formed. 

[0089] In the re?ective liquid crystal display device of the 
fourth embodiment, the re?ective pixel electrode 23 consti 
tutes the re?ective plate, and the re?ective surface has a state 
in Which the ?rst undulation having the difference of eleva 
tion H1 and second undulation having the difference of 
elevation H2 are superimposed. The ?rst undulation is 
constituted of the convex portions 23a arranged along the 
outer edge in the range of each pixel area PX, and the 
concave portion 23b surrounded by the convex portion 23a. 
The second undulation is constituted of a plurality of hemi 
spheric concave portions 236 arranged at random in the 
range of each pixel area PX, and convex portions 23f 
surrounding these concave portions 236. That is, the ?rst 
undulation is gradually depressed toWard the vicinity of the 
middle from the outer edge in the range of each pixel area 
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PX, and is formed by disposing the gradual inclined surface 
in the range of each pixel area PX. Moreover, the second 
undulation is depressed in the plurality of positions in the 
range of the pixel area PX, and is formed by disposing the 
plurality of main scattering portions in the range of each 
pixel area. 

[0090] Even in this constitution, similarly as the ?rst 
embodiment, the alignment defect of the liquid crystal can 
be prevented Without deteriorating the satisfactory optical 
re?ection property. 

[0091] The liquid crystal display device according to a 
?fth embodiment of the present invention Will next be 
described. 

[0092] FIG. 11 shoWs the sectional structure in the vicin 
ity of the pixel of a semi-transmission type liquid crystal 
display device, FIG. 12 shoWs the plane structure in the 
vicinity of the pixel of the semi-transmission type liquid 
crystal display device, and FIG. 13 shoWs a sectional 
structure taken along line A-B shoWn in FIG. 12. The 
semi-transmission type liquid crystal display device 
includes the array substrate 10, counter substrate 11, and 
liquid crystal layer 12 held betWeen these substrates 10 and 
11. The semi-transmission type liquid crystal display device 
has a re?ection function formed by the re?ective plate for 
scattering the incident light via the counter substrate 11 and 
liquid crystal layer 12, and also has a transmission function 
for transmitting the incident light via the array substrate 10. 

[0093] The array substrate 10 includes the insulating sub 
strate 13, the plurality of re?ective pixel electrodes 23 
arranged in the matrix form, the plurality of signal lines 14 
arranged along the roW of these re?ective pixel electrodes 
23, the plurality of scanning lines 15 arranged along the line 
of these re?ective pixel electrodes 23, the plurality of thin 
?lm transistors for pixels (TFT) 24 arranged as the sWitching 
elements in the vicinity of intersection positions of the 
corresponding scanning line 15 and signal line 14, and the 
alignment ?lm 31 With Which the plurality of re?ective pixel 
electrodes 23 are coated. 

[0094] The counter substrate 11 includes the insulating 
substrate 36 having permeability to light, the coloring layer 
37 forming the color ?lter With Which the insulating sub 
strate 36 is coated, the transparent counter electrode 38 With 
Which the coloring layer 37 is coated, and the alignment ?lm 
39 With Which the counter electrode 38 is coated. Moreover, 
the polariZation plate 40 is attached to the transparent 
insulating substrate 36 on the side opposite to the coloring 
layer 37. 

[0095] The liquid crystal layer 12 is divided into the 
plurality of pixel areas PX for the plurality of re?ective pixel 
electrodes 23. Each pixel area PX is disposed betWeen tWo 
adjacent scanning lines 15 and tWo adjacent signal lines 14. 
Each thin ?lm transistor 24 becomes conductive in response 
to the scanning pulse supplied from the corresponding 
scanning line 15, and supplies the potential of the corre 
sponding signal line 14 to the corresponding re?ective pixel 
electrode 23. Each re?ective pixel electrode 23 applies the 
potential of the corresponding signal line 14 as the pixel 
potential to the corresponding pixel area PX of the liquid 
crystal layer 12, and controls the transmittance of the pixel 
area PX based on the difference betWeen the pixel potential 
and the potential of the counter electrode 38. 
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[0096] In the array substrate 10, each TFT 24 includes the 
semiconductor layer 16 of amorphous silicon or polysilicon, 
the gate electrode 18 formed above the semiconductor layer 
16 in the insulated manner and connected to the correspond 
ing scanning line 15, and the source and drain electrodes 19, 
20 Which contact the source area 165 and drain area 16D of 
the semiconductor layer 16 via the contact holes 21, 22 on 
the opposite sides of the gate electrode 18 and Which are 
connected to the corresponding re?ective pixel electrode 23 
and corresponding signal line 14, respectively. 

[0097] The semiconductor layer 16 is formed on the 
insulating substrate 13, and coated With the gate insulating 
?lm 17 together With the insulating substrate 13. The gate 
electrode 18 is insulated from the semiconductor layer 16 by 
the gate insulating ?lm 17, and integrally formed With the 
corresponding scanning line 15 on the gate insulating ?lm 
17. The gate electrode 18 and scanning line 15 as Well as the 
gate insulating ?lm 17 are coated With the interlayer insu 
lating ?lm 32. 

[0098] The contact holes 21, 22 are formed in the inter 
layer insulating ?lm 32 and gate insulating ?lm 17 so that 
the source area 165 and drain area 16D formed in the 
semiconductor layer 16 are exposed on the opposite sides of 
the gate electrode 18. The source electrode 19 and drain 
electrode 20 are in contact With the source area 165 and 
drain area 16D of the semiconductor layer 16 in these 
contact holes 21, 22, respectively, and formed on the inter 
layer insulating ?lm 32. 

[0099] The source electrode 19 is integrally formed With 
the expansion source electrode 33 on the interlayer insulat 
ing ?lm 32. The drain electrode 20 is integrally formed With 
the corresponding signal line 14 on the interlayer insulating 
?lm 32. The source electrode 19, expansion source electrode 
33, drain electrode 20, and signal line 14, together With the 
interlayer insulating ?lm 32, are coated With the protective 
insulating ?lm 25. 

[0100] The protective insulating ?lm 25 has the contact 
hole 29 in Which the expansion source electrode 33 is 
partially exposed, and is coated With the organic insulating 
?lm 26. The organic insulating ?lm 26 has the contact hole 
30 in Which the expansion source electrode 33 is partially 
exposed, and the contact hole 30 is formed in the contact 
hole 29 of the protective insulating ?lm 25. The re?ective 
pixel electrode 23 contacts the expansion source electrode 
33 in the contact holes 29, 30, and is formed on the organic 
insulating ?lm 26 and coated With the alignment ?lm 31. 

[0101] The organic insulating ?lm 26 has the upper sur 
face in Which the ?rst molding undulation gradually 
depressed toWard the vicinity of the middle from the outer 
edge in the range of each pixel area PX and the second 
molding undulation rising in the plurality of positions in the 
range of the pixel area PX are superimposed. That is, the ?rst 
molding undulation is the gradual inclined surface, and is 
constituted of the convex portion 26a arranged along the 
outer edge in the range of the pixel area PX, and the concave 
portion 26b surrounded by the convex portion 26a. The 
second molding undulation is constituted of the plurality of 
hemispheric convex portions 26c arranged at random in the 
range of the pixel area PX, and concave portions 26d 
surrounding these convex portions 26c. 

[0102] The re?ective pixel electrode 23 functions as the 
re?ective plate for scattering the light incident from the 
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counter substrate 11 via the liquid crystal layer 12 at the high 
re?ectance, contains materials such as silver, aluminum, and 
an alloy of these, and is formed in the predetermined 
thickness along the upper surface of the organic insulating 
?lm 26. Therefore, the re?ective pixel electrode 23 is formed 
on the upper surface of the organic insulating ?lm 26, and is 
de?ned to have the re?ective surface in Which the ?rst 
undulation formed by disposing the gradual inclined surface 
in the range of the pixel area PX and the second undulation 
formed by disposing the plurality of main scattering portions 
in the range of the pixel area PX are superimposed. 

[0103] Moreover, the re?ective pixel electrode 23 has a 
hole for transmission 236 Which can pass the incident light 
via the array substrate 10. 

[0104] That is, the ?rst undulation of the re?ective pixel 
electrode 23 is constituted of the concave portion 23b 
corresponding to the concave portion 26b of the organic 
insulating ?lm 26, and the convex portion 23a correspond 
ing to the convex portion 26a of the organic insulating ?lm 
26. The second undulation of the re?ective pixel electrode 
23 is constituted of the convex portion 23c corresponding to 
the convex portion 26c of the organic insulating ?lm 26, and 
the concave portion 23d corresponding to the concave 
portion 26d of the organic insulating ?lm 26. The gradual 
inclined surface of the ?rst undulation is obtained as the 
combination of the convex portion 23a and concave portion 
23b. The main scattering portion of the second undulation is 
obtained as the convex portion 23c. In FIG. 11, H1 indicates 
the difference of elevation of the ?rst undulation as the 
height of the convex portion 23a or the depth of the concave 
portion 23b, and H2 indicates the difference of elevation of 
the second undulation as the height of the convex portion 
23c or the depth of the concave portion 23d. 

[0105] Manufacturing steps of the aforementioned re?ec 
tive liquid crystal display device Will next be described. 
[0106] FIGS. 14A to 14H shoW the manufacturing steps 
of the array substrate 10. In the manufacturing of the array 
substrate 10, the glass plate, quartZ plate, or the like is used 
as the insulating substrate 13. The semiconductor layer 16 
constituting a channel layer of the pixel TFT 24 is formed by 
depositing, for example, amorphous silicon on the insulating 
substrate 13 in a thickness of about 50 nm by the CVD 
process, and patterning this layer by the photo-etching 
process. 

[0107] Subsequently, the gate insulating ?lm 17 is formed 
by depositing SiOx on the semiconductor layer 16 and 
insulating substrate 13 in a thickness of the order of 100 nm 
to 150 nm by the CVD process. 

[0108] Subsequently, the gate electrode 18 and scanning 
line 15 are integrally formed by depositing the single metal 
such as Ta, Cr, Al, Mo, W, and Cu, or the deposited or alloy 
?lm of the metals on the gate insulating ?lm 17 in a 
thickness of the order of 200 nm to 400 nm, and patterning 
the ?lm by the photo-etching process. Thereafter, the impu 
rity such as phosphorus is injected into the semiconductor 
layer 16 by the ion injecting or doping process using the gate 
electrode 18 as the mask. Here, phosphorus is accelerated, 
for example, at an acceleration voltage of 80 keV in an 
atmosphere of PH3/H2, and injected at a dosage of 5><1015 
atoms/cm2, that is, at the high concentration. The impurity 
injected area is activated by annealing the semiconductor 
layer 16, and constitutes the source area 16S and drain 16D 
of the thin ?lm transistor 24. 
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[0109] In the step shoWn in FIG. 14A, the interlayer 
insulating ?lm 32 is formed by using, for example, the 
PECVD process to deposit SiOx on the gate electrode 18, 
scanning line 15, and gate oxide ?lm 17 in a thickness of the 
order of 500 nm to 700 nm. The interlayer insulating ?lm 32 
is patterned by the photo-etching process so that the source 
area 16S and drain 16D of the semiconductor layer 16 are 
exposed, and thereby the contact holes 21 and 22 are formed. 

[0110] In the step shoWn in FIG. 14B, the single metal 
such as Ta, Cr, Al, Mo, W, and Cu, or the laminated or alloy 
?lm of the metals is deposited on the interlayer insulating 
?lm 32 in a thickness of the order of 500 nm to 700 nm, and 
patterned into the predetermined shape by the photo-etching 
process, so that Wirings such as the signal line 14, source 
electrode 19, drain electrode 20, and expansion source 
electrode 33 are formed. 

[0111] In the step shoWn in FIG. 14C, the transparent 
protective insulating ?lm 25 is formed by depositing SiNx 
on these Wirings and interlayer insulating ?lm 32 by the 
PECVD process, and the contact hole 29 is formed by 
patterning the protective insulating ?lm 25 by the photo 
etching process. 
[0112] In the step shoWn in FIG. 14D, the organic insu 
lating ?lm 26 is formed by applying the positive photosen 
sitive resin on the protective insulating ?lm 25 in a thickness 
of the order of 1 pm to 4 pm by the spin coating process or 
the like, and further pre-baking the Whole array substrate 10. 
When the viscosity and spin rotation number of the photo 
sensitive resin are optimiZed, the ?rst molding undulation of 
the convex portion 26a and concave portion 26b is formed 
in the range of the pixel area PX surrounded by the tWo 
adjacent signal lines 14 and tWo adjacent scanning lines 15. 
Concretely, the difference of elevation of the order of 0.1 pm 
to 0.5 pm is generated in the upper surface of the organic 
insulating ?lm 26 depending upon the thickness of the 
Wiring materials such as the scanning line 15 and signal line 
14. The convex portion 26a is disposed in the outer edge of 
each pixel area PX, that is, in the boundary With the adjacent 
pixel area, and the concave portion 26b is disposed to be 
surrounded by the convex portion 26a. Therefore, the 
dimension D1 of the concave portion 26b substantially 
agrees With the pixel pitch usually of the order of 20 pm to 
400 pm. 

[0113] In the step shoWn in FIG. 14E, the ?rst photo mask 
is used to partially expose the organic insulating ?lm 26 in 
the range corresponding to the contact hole 29. The opening 
is made in the organic insulating ?lm 26 in order to form the 
contact hole 30 in Which the expansion source electrode 33 
is exposed. Therefore, the exposure i is preferably of the 
order of 200 m] to 1000 m]. 

[0114] Subsequently, the second photo mask 34 is used to 
expose the organic insulating ?lm 26 in the range of the 
pixel area PX. The second photo mask has a circular 
shielding portion disposed at random such that the portion is 
prevented from overlapping With the signal line 14 and 
scanning line 15. Here, the diameter of the shielding portion 
is set to be of the order of 2 pm to 20 pm, Which is smaller 
than the dimension D1 of the concave portion 26b, and the 
luminous exposure is set to a range of 10 m] to 200 m]. The 
undulation of the organic insulating ?lm 26, that is, the 
concave/convex shape and density can be controlled in 
accordance With the opening shape, the opening density of 
the photo mask 34, luminous exposure, and the like. 
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[0115] In the step shown in FIG. 14F, the organic insu 
lating ?lm 26 is developed in order to remove the afore 
mentioned exposed portion, and thereby the plurality of 
convex portions 26c‘ and concave portions 26d‘ are formed 
in the organic insulating ?lm 26 together With the contact 
hole 30. Additionally, in the exposure using the second 
photo mask 34, the eXposure is in the range of 10 to 200 m]. 
Therefore, the bottom of the concave portion 26a" does not 
reach the protective insulating ?lm 25 as the substrate of the 
organic insulating ?lm 26, and remains in the vicinity of the 
upper surface of the organic insulating ?lm 26. 

[0116] In the step shoWn in FIG. 14G, the heating treat 
ment of the array substrate 10 is performed. This changes the 
conveX portion 26c‘ and concave portion 26d‘ of the organic 
insulating ?lm 26 to the chamfered smoothly hemispheric 
conveX portion 26c and the concave portion 26d surrounding 
the conveX portion 26c, and the second molding undulation 
is formed. The diameter D2 of the conveX portion 26c is set 
to be smaller than the dimension D1 of the concave portion 
26b in accordance With the diameter of the shielding portion. 

[0117] In the step shoWn in FIG. 14H, the metal ?lm of Al, 
Ni, Cr, Ag or the like is deposited on the organic insulating 
?lm 26 in a thickness of about 100 nm by the sputtering 
process, and patterned into the predetermined shape by the 
photo-etching process, and thereby the re?ective piXel elec 
trode 23 is formed. In this case, the hole for transmission 236 
is simultaneously formed in a part of the re?ective piXel 
electrode 23. 

[0118] In the manufacturing of the counter substrate 11, 
the glass plate, quartz plate, or the like is used as the 
insulating substrate 36 permeable to light, and the coloring 
layer 37 With the pigment, and the like dispersed therein is 
formed on the insulating substrate 36. The transparent 
counter electrode 38 is formed by depositing, for eXample, 
ITO on the coloring layer 37 by the sputtering process. 
[0119] The array substrate 10 and counter substrate 11 are 
integrally formed after the alignment ?lms 31 and 39 are 
formed. The alignment ?lm 31 is formed by applying 
loW-temperature cure type polyimide by printing so that the 
re?ective piXel electrode 23 and organic insulating ?lm 26 
are coated, and performing the rubbing treatment. Moreover, 
the alignment ?lm 39 is formed by applying loW-tempera 
ture cure type polyimide by printing so that the transparent 
counter electrode 38 is coated, and performing the rubbing 
treatment. 

[0120] The array substrate 10 and counter substrate 11 are 
obtained as described above, and disposed opposite to each 
other, While the alignment ?lms 31 and 39 are disposed 
inside. These substrates are attached to each other via the 
peripheral edge seal material at the predetermined interval. 
The liquid crystal layer 12 is obtained by forming the liquid 
crystal injected space surrounded by the peripheral edge seal 
material into the cell betWeen the array substrate 10 and the 
counter substrate 11, and injecting and sealing the liquid 
crystal composition such as the nematic liquid crystal into 
the cell. The polariZation plate 40 is attached to the trans 
parent insulating substrate 36 on the side opposite to the 
coloring layer 37, While the liquid crystal layer 12 is held 
betWeen the array substrate 10 and the counter substrate 11. 
The semi-transmission type liquid crystal display device is 
completed as described above. 

[0121] In the semi-transmission liquid crystal display 
device according to the ?fth embodiment, the re?ective 
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piXel electrode 23 constitutes the re?ective plate, and the 
re?ective surface has a state in Which the ?rst undulation 
having the difference of elevation H1 and the second undu 
lation having the difference of elevation H2 are superim 
posed. The ?rst undulation is constituted of the conveX 
portion 23a disposed along the outer edge in the range of the 
piXel area PX, and the concave portion 23b surrounded by 
the conveX portion 23a. The second undulation is consti 
tuted of the plurality of hemispheric conveX portions 23c 
arranged at random in the range of the piXel area PX, and the 
concave portion 23d surrounding these conveX portions 23c. 

[0122] That is, the ?rst undulation is gradually depressed 
toWard the vicinity of the middle from the outer edge in the 
range of each piXel area PX, and is formed by disposing the 
gradual inclined surface in each piXel area PX. Moreover, 
the second undulation rises in the plurality of positions in the 
range of the piXel area PX, and is formed by disposing the 
plurality of main scattering portions in each piXel area PX. 

[0123] A re?ected light on the re?ective surface is scat 
tered by the inclination angle obtained by superimposing the 
inclination angle obtained by the second undulation upon the 
inclination angle obtained by the ?rst undulation. Therefore, 
even When the inclination angle obtained by the second 
undulation is small, the optimum re?ection property can be 
obtained. On the other hand, the difference of elevation in 
the micro range can be set to the value sufficiently smaller 
than the conventional value, such as H2. Therefore, the 
liquid crystal alignment defect attributed to the difference of 
elevation can be prevented. As a result, the semi-transmis 
sion type liquid crystal display device can display the 
high-quality image having the broad angle of ?eld of vieW 
and high contrast. 

[0124] In the ?fth embodiment, the second undulation is 
not disposed in the space betWeen the re?ective piXel 
electrodes 23. This does not substantially cause deterioration 
of the re?ection property of the re?ective surface, and 
additionally the second molding undulation on the side of 
the organic insulating ?lm 26 can be obviated in the range 
of the space. Therefore, the patterning defect is not gener 
ated during patterning of the metal ?lm deposited using the 
organic insulating ?lm 26 as the substrate in the step of 
forming the re?ective piXel electrode 23, and the point 
defect by the short-circuit betWeen the piXel electrodes 23 
can be reduced. Moreover, the second molding undulation is 
disposed so that the undulation is prevented from overlap 
ping With the scanning line 15 and signal line 14. Therefore, 
the parasitic capacity betWeen the scanning line 15 and the 
piXel electrode 23 and betWeen the signal line 14 and the 
piXel electrode 23 can be reduced. Therefore, the display 
quality can be prevented from being deteriorated by cross 
talk, or the like. 

[0125] The semi-transmission type liquid crystal display 
device according to a siXth embodiment of the present 
invention Will neXt be described. 

[0126] FIG. 15 shoWs the sectional structure of the semi 
transmission type liquid crystal display device. The semi 
transmission type liquid crystal display device is constituted 
similarly as the ?fth embodiment eXcluding the folloWing 
structure. Therefore, in FIG. 15, a part similar to that of the 
?fth embodiment is denoted With the same reference 
numeral, and the description thereof is omitted. 
[0127] As shoWn in FIG. 15, in this semi-transmission 
type liquid crystal display device, a transparent piXel elec 






