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(57) ABSTRACT 

A flat organic insulating layer is formed on a Substrate 
provided with thin film transistors by coating and baking. 
Next, a pulse-shaped laser beam is irradiated on the organic 
insulating layer and a contact hole and an undulation are 
formed in and on the organic insulating layer by ablation. 
The undulation is formed in Such a way as to have four or 
more height levels. 
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MANUFACTURING METHOD FOR REFLECTOR, 
REFLECTOR, AND LIQUID CRYSTAL DISPLAY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of co-pending appli 
cation Ser. No. 10/227,952, filed on Aug. 27, 2002, the entire 
contents of which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a reflector having 
good reflecting characteristics and a liquid crystal display, 
which is equipped with the reflector and has good display 
characteristics, and a method of manufacturing them. 

DESCRIPTION OF THE RELATED ART 

0003. There is known a reflection type liquid crystal 
display having a reflector provided in its inside which 
reflects incidental light to provide a display light. The 
reflection type liquid crystal display does not need a back 
light as a light Source. Therefore, the reflection type liquid 
crystal display has advantages, Such as achieving lower 
power consumption and a thinner size, over a transmission 
type liquid crystal display. With those features, the reflection 
type liquid crystal display is used in a portable terminal or 
the like. A So-called transflective type liquid crystal display 
which has the capabilities of both the reflection type and the 
transmission type is also used in a portable phone or the like. 
Although the following discussion will describe the prob 
lems of the reflection type liquid crystal display, the trans 
flective type liquid crystal display has similar problems. 
0004. The reflection type liquid crystal display has a 
liquid crystal filled in a liquid crystal cell, a Switching 
element for driving the liquid crystal and a reflector pro 
vided inside or outside the liquid crystal cell. The reflection 
type liquid crystal display is, for example, an active matrix 
type liquid crystal display that uses Switching elements, Such 
as thin film transistors. 

0005. As a reflection type liquid crystal display, a liquid 
crystal display which has an undulation shape formed on the 
surface of a reflection electrode to improve the visibility has 
been developed. The reflection electrode, when having an 
undulated Surface rather than a flat one, reflects incidental 
light in multiple directions. That is, forming an undulation 
shape on the Surface of the reflection electrode may improve 
the display characteristics, Such as a wider View angle. 
0006 While the undulation shape of the reflection elec 
trode may increase the Scattering characteristics of reflected 
light, there is a case where the interference of the reflected 
light causes darkening of the Screen when the undulation 
shape has high regularity. To Suppress the interference of 
light, therefore, it is desirable to form the undulation shape 
having as low regularity as possible. 
0007 As one method for providing an undulation shape 
on the Surface of the reflection electrode, a method of 
forming an undulation shape on the Surface of an insulating 
film has been exploited. In this method, a photoSensitive 
resin film is formed first, which is exposed using an expo 
Sure mask and then developed, to form discontinued pro 
truding patterns. Thereafter, the Surface of the film is melted 
by heat treatment, thereby being formed a gentler shape. 
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Then, an organic insulating film is formed on the resin film, 
being etched for a contact hole thereafter. Finally, a reflec 
tion electrode is formed on the insulating film. The undu 
lation shape that is originated from the resin film and the 
insulating film is formed on the Surface of the obtained 
reflection electrode. 

0008 According to the above-described method of form 
ing the undulation shape, the undulation of the insulating 
film is formed with approximately a constant height, that is, 
the height of the undulation has Substantially two values, 
because all of the protrusion of the resin film have substan 
tially same height (thickness) value. Here, the height of the 
undulation means the difference between the height levels 
(depths) of the top portion and the bottom portion of the 
undulation in the normal direction of the reflector. 

0009. There is developed another method using so-called 
halftone mask, which method is described in Unexamined 
Japanese Patent Application KOKAI Publication No. 2000 
250025. According to the method, the resin film is patterned 
using the halftone mask, which has different transmittance in 
its masking area, So that the protrusions are formed with 
different height values. However, the number of the height 
values are Substantially two, therefore, the height of the 
undulation formed on the insulation film has three values. 

0010 AS explained above, conventionally, the height of 
the undulation was So Set as to have three values at most. 
Therefore, the undulation shape of the conventional reflector 
had relatively high regularity and was rather monotonous. 
0011. The high regularity of the undulation shape does 
not provide a good reflecting characteristics and display 
characteristics. Therefore, the conventional reflector, which 
was restricted in the number of available values of the height 
of the undulation of the insulating film, did not have 
Sufficiently improved display characteristics. 
0012 Moreover, the above method of forming an undu 
lation on an insulating film requires relatively many Steps, 
that is, formation of two organic films (the resin film and the 
insulation film), and exposure and development. Further, the 
undulation formed by using the photolithography technique 
has a sharp shape, thus requiring a following heat treatment 
Step to make the Surface shape gentler. Therefore, the 
conventional method that uses the photolithography tech 
nique has a shortcoming of involving a relatively large 
number of Steps. 
0013 AS explained above, the conventional reflector had 
problems Such that the undulation shape of the reflection 
electrode, particularly, the height, had a relatively high 
regularity So that a Sufficiently high reflecting characteristics 
may not be achieved. Further, the manufacturing method for 
this reflector had Such a problem as to require a relatively 
large number of Steps. 

SUMMARY OF THE INVENTION 

0014. In view of the above circumstances, it is an object 
of the present invention to provide a reflector and a liquid 
crystal display, which have a good reflecting characteristic, 
and a method of manufacturing the reflector. 
0015. It is another object of the present invention to 
provide a reflector and a liquid crystal display, which can be 
manufactured in Substantially fewer Steps, and a method of 
manufacturing the reflector. 



US 2005/0032261 A1 

0016 To achieve the above objects, a manufacturing 
method for a reflector according to a first aspect of the 
present invention comprising the Steps of: 
0017 forming an insulating layer; 
0.018 irradiating said insulating layer with a laser beam 
to thereby form an undulation on a Surface of Said insulating 
layer by ablation; and 
0.019 forming an electrode on said insulating layer. 
0020. In this case, in said ablation step, said laser beam 
may be irradiated on Said insulating layer with a predeter 
mined intensity distribution. 
0021. In this case, said laser beam may be irradiated on 
Said insulating layer via a mask having a predetermined 
transmittance distribution. 

0022. In this case, said laser beam incident to said mask 
may have a flat profile. 
0023. In this case, scanning irradiation may be performed 
with Said laser beam which has a spot shape. 
0024. In this case, in said ablation step, said laser beam 
may be irradiated with a pulse shape. 

0.025 In this case, in said ablation step, said undulation 
may be So formed as to have four or more height levels. 
0026. In this case, a Switching element may be provided 
under Said insulating layer, and 
0.027 a contact hole through a bottom of which one end 
of Said Switching element may be exposed is formed in Said 
ablation Step. 
0028. In this case, in said ablation step, a flat portion may 
be formed together with Said undulation on Said insulating 
layer, and 
0029 the method may further comprise a step of forming 
a transparent electrode on Said flat portion. 
0030 The above manufacturing method may further 
comprise a step of annealing Said insulating layer after said 
ablation Step. 
0.031) To achieve the above objects, a reflector according 
to a Second aspect of the present invention comprising: 
0.032 an insulating layer provided on a substrate and 
having an multi-stage undulation with at least four height 
levels on a Surface; and 

0033) 
0034) To achieve the above objects, a liquid crystal 
display according to a third aspect of the present invention 
having the reflector as recited above. 

an electrode provided on Said insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.035 FIG. 1 shows the cross-sectional structure of a 
liquid crystal display according to a first embodiment of the 
invention; 
0036 FIGS. 2A through 2D show manufacturing steps 
for a reflector according to the embodiment; 
0037 FIG. 3 depicts the structure of an optical process 
ing System; 
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0038 FIG. 4 shows the profile of a flat top type laser 
beam; 

0039 FIG. 5 shows the profile of a laser beam which has 
passed a mask, 
0040 FIG. 6 shows the profile of a spot-shaped laser 
beam; 

0041 FIG. 7 illustrates the cross-sectional structure of a 
reflector according to a third embodiment of the invention; 
0042 FIGS. 8A through 8D show manufacturing steps 
for the reflector as shown in FIG. 7; and 

0043 FIG. 9 shows the profile of a laser beam which is 
irradiated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0044 Preferred embodiments of the invention will now 
be described with reference to the accompanying drawings. 
The following will describe one embodiment of the inven 
tion, which is to be considered as illustrative and not 
restrictive. 

0.045 (First Embodiment) 
0046) A liquid crystal display according to the first 
embodiment of the invention is an active matrix type liquid 
crystal display which has Switching elements, Such as thin 
film transistors (TFTS), pixel by pixel. 
0047 FIG. 1 is a cross-sectional view of a unit pixel area 
of a liquid crystal display 10 according to the embodiment. 
As shown in FIG. 1, the reflection type liquid crystal display 
10 has a lower Substrate 11 which constitutes a reflector, an 
opposite Substrate 12 So arranged as to face the lower 
substrate 11 and a liquid crystal layer 13 sandwiched 
between the lower substrate 11 and the opposite substrate 12. 

0048. The lower substrate 11 has an insulative substrate 
14, an insulating protection film 15, TFTs 16, a passivation 
film 17, an organic insulating layer 18 and a reflection 
electrode 19. 

0049. The insulating protection film 15 of an inorganic or 
organic insulation material is deposited on the insulative 
substrate 14. The TFTs 16 that function as Switching ele 
ments are formed on the insulating protection film 15. 

0050 Each TFT 16 has a gate electrode 20 formed on the 
insulative substrate 14, a semiconductor layer 21 which 
overlies the gate electrode 20 with the insulating protection 
film 15 in between, a drain electrode 22 and a source 
electrode 23. The drain electrode 22 and Source electrode 23 
are respectively connected to the unillustrated drain region 
and Source region of the Semiconductor layer 21. 
0051. The passivation film 17 is comprised of an insu 
lating film, Such as, for example, a Silicon-based film. The 
passivation film 17 is provided in Such a way as to cover 
each TFT 16, excluding a portion where a contact hole 18a 
to be discussed later is to be formed. 

0052 The organic insulating layer 18 is formed on the 
passivation film 17. The organic insulating layer 18 is 
comprised of an organic material, which is easily burned out 
and sublimated by laser ablation to be discussed later. 
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0053. The “laser ablation” is a phenomenon such that as 
a laser beam of a predetermined range of wavelength is 
irradiated on an organic material having an absorption band 
in a predetermined wavelength range, the chemical bonds in 
the organic material are broken So that the irradiated Surface 
layer is evaporated (removed). 
0.054 That is, the organic insulating layer 18 is formed of 
the organic material that may absorb a laser beam of the 
wavelength used in ablation. The following description will 
be given of a case where the organic insulating layer 18 is 
formed of a polyimide resin. 
0.055 Formed in the organic insulating layer 18 is the 
contact hole 18a through the bottom of which the source 
electrode 23 is exposed. An undulation 18b is formed in the 
Surface of the organic insulating layer 18. The undulation 
18b and the contact hole 18a are formed by laser ablation as 
will be discussed later. 

0056. The undulation 18b of the organic insulating layer 
18 is formed in such a way that its height takes multiple 
values. The “height” of the undulation 18b is the height of 
the top portion or the bottom portion with a predetermined 
position in the normal direction of the reflector as a refer 
ence. In this embodiment, the position of the organic insu 
lating layer 18 (the thickness of the organic insulating layer 
18) before the formation of the undulation 18b is taken as the 
reference. 

0057. As shown in FIG. 1, the undulation 18b of the 
organic insulating layer 18 has multiple heights, particularly, 
four or more height values, within a predetermined range. In 
case where the organic insulating layer 18 is formed 3 um 
thick, for example, the height of the undulation 18b has four 
or more values of heights within a range of, for example, 
0.04 um to 2.1 um. 

0058. The reflection electrode 19 is formed of metal, such 
as aluminum or chromium, with a predetermined thickneSS 
on the organic insulating layer 18 including the contact hole 
18a. The reflection electrode 19 is connected to the Source 
electrode 23 of the TFT 16 via the contact hole 18a, and 
Serves as a pixel electrode and light reflecting layer. 

0059 Formed in the surface of the reflection electrode 19 
is an undulation shape which is originated from the undu 
lation 18b on the surface of the organic insulating layer 18. 
As the undulation 18b of the organic insulating layer 18 has 
multiple height values and is formed to have multiple Stages, 
the undulation formed on the reflection electrode 19 is 
likewise formed to have multiple stages and has a low 
regularity. Therefore, light to be reflected by the reflection 
electrode 19 has a high Scattering characteristics, which 
provides the lower substrate 11 with a high reflecting 
characteristics and, thereby provides the liquid crystal dis 
play 10 having the lower substrate 11 with good display 
characteristics. 

0060. The opposite substrate 12 has a color filter 30 and 
a transparent electrode 31 laminated in order on one Surface 
of a transparent insulative substrate 29. A sheet polarizer 32 
is formed on the other Surface of the insulative Substrate 29. 

0061 The liquid crystal layer 13 is formed by using a 
liquid crystal of an TN (Twisted Nematic) type, an STN 
(Super Twisted Nematic) type, a single sheet polarizer type, 
a GH (Guest-Host) type, a PDLC (Polymer Dispersed Liq 
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uid Crystal) type, a cholesteric type or the like. A predeter 
mined orientations given to the liquid crystal layer 13. 

0062) The operation of the liquid crystal display 10 with 
the above-described structure will be described below. 

0063. In white mode, light incident to the display surface 
passes through the insulative substrate 29, the color filter 30, 
the transparent electrode 31 and liquid crystal layer 13 and 
reaches the Surface of the reflection electrode 19. 

0064. As the undulation is formed on the reflection 
electrode 19, the incidental light is scattered and reflected by 
the undulation. The reflected light passes through the liquid 
crystal layer 13, the transparent electrode 31, the color filter 
30, the insulative substrate 29 and the sheet polarizer 32, and 
returns to the outside as display light. 

0065. In black mode, on the other hand, while the inci 
dental light is likewise reflected at the reflection electrode 19 
as in white mode, it is blocked by the sheet polarizer 32 and 
is not therefore output to the outside. The light ON/OFF 
operation of the liquid crystal display 10 is carried out this 
way. 

0066. A description will now be given of a manufacturing 
method for the reflector (lower substrate 11) of the liquid 
crystal display. FIGS. 2A through 2D illustrate manufac 
turing Steps. 

0067 First, each TFT 16 as a Switching element is formed 
on the insulative substrate 14. That is, the gate electrode 20 
is formed on the insulative Substrate 14 and the insulating 
protection film 15 covering the gate electrode 20 is then 
formed. Next, the Semiconductor layer 21 having an unil 
lustrated drain region and Source region is formed on the 
insulating protection film 15 by etching, impurity doping, 
etc. Then, the drain electrode 22 and the Source electrode 23, 
which respectively contact the drain region and the Source 
region, are formed on the insulating protection film 15. 
Further, the passivation film 17 is formed on the TFT 16 and 
is patterned to have a resultant structure as shown in FIG. 
2A. 

0068 Next, polyimide is coated on the surface of the 
resultant Structure and baked, thus forming the flat polyim 
ide film 35 with a thickness of, for example, 3 um (FIG.2B). 
Baking is carried out, for example, at a temperature of 90 
C. for ten minutes. 

0069. Subsequently, laser ablation is performed on the 
polyimide film 35 to form the organic insulating layer 18 
having the contact hole 18a and the undulation 18b as shown 
in FIG. 2C. 

0070 FIG. 3 depicts the structure of an optical process 
ing system 40 which is used in laser ablation. The optical 
processing system 40 shown in FIG. 3 comprises a light 
Source 41, a Shaping Section 42 and a mask 43. 

0071. The light source 41 emits a pulse-shaped laser 
beam, e.g., a KrF excimer laser beam (wavelength of 248 
nm). The laser beam is irradiated with a predetermined 
number of pulses and Such an intensity as to be able to 
ensure a good ablation profile. For example, the laser beam 
is irradiated with Such intensity that the energy density 
irradiated onto the portion of the polyimide film 35 where 
the contact hole 18a is to be formed is 300 m.J/cm. 
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0.072 The shaping section 42 comprises a flyeye lens, a 
cylindrical lens, a mirror and So forth, and shapes the pattern 
of the laser beam to a flat top type profile as shown in FIG. 
4. The shaped laser beam is irradiated toward the polyimide 
film 35 as a target, e.g., approximately perpendicularly. 
0073. The mask 43 is located between the shaping section 
42 and an object to be irradiated, So that the laser beam 
coming out of the Shaping Section 42 is irradiated via the 
mask 43 onto the polyimide film 35, the irradiation target. 
The surface portion of the polyimide film 35 that has been 
irradiated with the laser beam is vanished (removed) by 
ablation. 

0.074 The mask 43 is comprised of a so-called dielectric 
mask which can adjust the light transmittance to the desired 
one. That is the mask 43 is comprised by forming a dielectric 
film (not shown) patterned to a predetermined shape on a 
transparent Substrate of quartz or the like. 
0075) The dielectric film is comprised of a film of, for 
example, SiO, Al-O, HfC), YF, MgF, LaF, ThFor the 
like or the lamination of those films, and is formed on the 
substrate by the ordinary film deposition method. The 
dielectric film is provided like islands in the substrate 
Surface in a predetermined shape using the ordinary pattern 
ing method. The dielectric film has, for example, approxi 
mately a planar shape. The islands of the dielectric film are 
formed in predetermined thickness to realize the desired 
light transmittance. Setting each of the material and thick 
ness of the dielectric film in the mask Surface in predeter 
mined distributions can achieve the desired light intensity 
(energy density) distribution in the irradiation Surface. 
0.076 The degree of ablation differs in proportion with 
the level of the energy density, So that the dielectric film can 
be removed at different depths. Specifically, while no dielec 
tric film is provided in an area corresponding to the contact 
hole 18a, the dielectric film is provided to a predetermined 
thickness on an area corresponding to the portion where the 
undulation 18b is to be formed. Irradiating the laser beam 
via the thus formed mask 43 can form the contact hole 18a 
and the undulation 18b in and on the polyimide film 35. The 
depth of ablation can also be adjusted by the number of 
pulses of the laser beam to be irradiated. 
0077. The laser beam passes the mask 43 to be shaped 
into a profile as shown in, for example, FIG. 5 from the one 
shown in FIG. 4. Irradiating the shaped laser beam as 
illustrated can form the contact hole 18a and the undulation 
18b as shown in FIG. 1 in and on the polyimide film 35. 
0078. In the profile shown in FIG. 5, the laser beam 
which is irradiated onto the portion where the contact hole 
18a is to be formed is not attenuated by the dielectric film 
and has a flat shape. AS mentioned above, the energy density 
of the laser beam is Set to Such a value as to be able to 
adequately shape the polyimide film 35 of a predetermined 
thickness. The energy density of the flat portion correspond 
ing to the portion where the contact hole 18a is to be formed 
is, for example, 300 m.J/cm°. 
0079. On the other hand, the profile of the energy density 
corresponding to the portion where the undulation 18b is to 
be formed shows multiple peak values, at least four peak 
values (maximum values or minimum values), within the 
aforementioned range. The peak values lie in the range of, 
for example, 60 m.J/cm to 200 ml/cm. 
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0080. The irradiation of the laser beam whose profile has 
such multiple peak values forms the undulation 18b having 
bottom portions and top portions corresponding to the peak 
values in the polyimide film 35. As the profile has four or 
more peak values, the undulation 18b to be formed has four 
or more heights. 
0081 Irradiating the laser beam with a predetermined 
intensity distribution onto the polyimide film 35 via the 
mask 43 in the above-described manner, the organic insu 
lating layer 18 having the multi-stage undulation 18b as 
shown in FIG. 2C is formed. 

0082) Patterning using ablation provides a gentler shape 
as compared with patterning using the ordinary photolithog 
raphy technique. Unlike the case of using the photolithog 
raphy technique, therefore, annealing is not essential. If 
necessary, however, annealing may be performed at a tem 
perature of 250 C. for one hour to make the undulation 18b 
on the Surface gentler. 
0083. After the formation of the organic insulating layer 
18, an aluminum film, for example, is formed on the organic 
insulating layer 18 and is then patterned to form the reflec 
tion electrode 19 as a reflection pixel electrode (FIG. 2D). 
The lower Substrate 11 as the reflector can be fabricated in 
the above-described manner. 

0084. An unillustrated spacer is placed between the thus 
formed lower substrate 11 and the opposite substrate 12 
which has the color filter 30, etc. laminated on the insulative 
substrate 14 and the liquid crystal 13 is filled and sealed in 
the Space (cell) formed by the spacer. Then, the sheet 
polarizer 32 is attached by adhesion or the like, thereby 
yielding the reflection type liquid crystal display 10 shown 
in FIG. 1. 

0085. According to the embodiment, as described above, 
the multi-stage undulation 18b having at least four heights is 
formed on the organic insulating layer 18 by laser ablation. 
The multi-stage undulation 18b of the organic insulating 
layer 18 form an undulated surface with a lower regularity 
on the overlying reflection electrode 19. This realizes the 
reflector and the liquid crystal display 10, which have a high 
light Scattering characteristics and excellent display charac 
teristics. 

0086 The multi-stage undulation 18b of the organic 
insulating layer 18 is formed by irradiating a laser beam on 
the organic film via the mask 43 which has a predetermined 
transmittance distribution. The transmittance distribution of 
the mask 43 can be set arbitrarily and the height of the 
undulation 18b can easily Set to multiple Stages by adjusting 
the transmittance distribution and the number of irradiation 
pulses. 

0087 As the polyimide film 35 is processed directly by 
laser ablation, it is possible to manufacture the reflector and 
the liquid crystal display in Substantially fewer Steps. That is, 
in the case of using the ordinary photolithography technique, 
there is needed Such Steps, as the formation of a resist film 
and an organic film thereon, exposure and development, 
whereas in the case of using ablation, the organic insulating 
layer 18 having the contact hole 18a and the undulation 18b 
can be formed in at lest one step. 
0088. Further, in the photolithography process, the undu 
lation 18b has a sharp shape, which requires annealing. In 
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the ablation method, however, the Surface of the undulation 
18b is relatively gentle. Therefore, annealing should not 
necessarily be performed, thus allowing the organic insu 
lating layer 18 to be formed in much fewer steps. 

0089. The first embodiment uses a so-called dielectric 
mask having a dielectric film. However, the mask 43 is not 
limited to this type, and may be of any type as long as it can 
control the light transmittance as desired. 
0090 Although the contact hole 18a and the undulation 
18b are formed at the same time in the ablation step, they 
may be formed in Separate StepS using different maskS. 

0091 (Second Embodiment) 
0092. A description will now be given of a method of 
manufacturing a reflector according to the Second embodi 
ment. To make understanding the Second embodiment 
easier, Same reference Symbols are given to those compo 
nents which are the Same as the corresponding components 
of the first embodiment and their descriptions will be 
omitted. 

0093. In the second embodiment, unlike the first embodi 
ment, the mask 43 is not used and Scanning irradiation is 
performed with a laser beam having a spot-like shape to 
form the undulation 18b, etc. on the organic insulating layer 
18. The following will discuss the manufacturing method 
according to the Second embodiment. 
0094. It is to be noted that in the embodiment to be 
discussed below, the organic insulating layer 18 is formed of 
acrylic resin to a thickness of 3 um by baking at 150° C. for 
one hour. 

0.095 The laser beam used in the second embodiment has 
a spot-like profile which shows a Gaussian distribution as 
shown in FIG. 6. The energy density of the laser beam at the 
top portion of the Spot-like profile is Set within a predeter 
mined range. 
0096. The spot-like laser beam is irradiated on a target 
(Substrate) using an apparatus similar to the one used in the 
first embodiment. The Substrate is placed on, for example, an 
X-Y Stage and is movable on a plane. At the time of laser 
processing, the Substrate is intermittently moved in a pre 
determined pattern. The laser beam is irradiated in a prede 
termined number of pulses in Synchronism with the move 
ment of the substrate. Another structure may be used which 
irradiates a Scanning laser beam with the target Substrate 
fixed. 

0097. On the surface of the acrylic resin film irradiated 
with the laser beam, the acrylic resin in the irradiated portion 
is burned out and Sublimated by ablation. The energy density 
and the number of pulses of the laser beam to be irradiated 
are adjusted for each predetermined region. The irradiation 
while changing the laser beam intensity can form the contact 
hole 18a and the undulation 18b having multiple stages of 
depths in and on the organic insulating layer 18. 

0098. In the embodiment which ablates acrylic resin, for 
example, an XeCl excimer laser beam (wavelength of 308 
nm) whose profile has a diameter of 5 um at a half-width can 
be used. In this case, the multi-stage undulation 18b having 
four or more height values as shown in FIG. 2C can be 
formed on the Surface of the acrylic resin film by irradiating 
a predetermined number of pulses of the laser beam with 
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multiple values Such that the energy density at the top 
portion of the profile lies within a range of, for example, 40 
to 190 ml/cm. Further, the contact hole 18a can be formed 
by irradiating, for example, eight pulses of the laser beam 
that has an energy density of 300 m.J/cm at the top portion 
of the profile. 

0099. According to the second embodiment, as described 
above, the multi-stage undulation 18b and the contact hole 
18a can be formed on and in the organic film by irradiating 
a predetermined number of pulses of a Spot-like laser beam 
while relatively moving the laser beam in a predetermined 
pattern. Apparently, the Second embodiment can provide the 
Same advantages as the first embodiment. 
0100 Although the substrate as a target is moved in the 
Second embodiment, the irradiation port for the laser beam 
may be moved instead. 

0101) (Third Embodiment) 
0102) A description will now be given of the third 
embodiment with reference to the accompanying drawings. 
To make understanding the Second embodiment easier, Same 
reference Symbols are given to those components which are 
the Same as the corresponding components in FIG. 1 and 
their descriptions will be omitted. 

0103 FIG. 7 illustrates the structure of a reflector (lower 
substrate 11) according to the third embodiment. The reflec 
tor according to the third embodiment is used in a So-called 
transflective type liquid crystal display that has the functions 
of both the reflection type and the transflective type. 
0104. As shown in FIG. 7, a reflector 11 according to the 
third embodiment has a reflection area 50 and a transmission 
area 51. 

0105. A reflection electrode 19 is formed on the reflection 
area 50 of the organic insulating layer 18. There is formed 
a multi-stage undulation in the Surface of the reflection area 
50. 

0106) A transparent electrode 52 of ITO (Indium Tin 
Oxide) is formed on the organic insulating layer 18 in the 
transmission area 51. The Surface of the organic insulating 
layer 18 in the transmission area 51 is formed nearly flat. So 
is the transparent electrode 52. The transparent electrode 52 
contacts the reflection electrode 19 to be electrically con 
nected thereto. A Structure in which an insulating film which 
Separates the transparent electrode 52 from the reflection 
electrode 19 is provided and the transparent electrode 52 and 
the reflection electrode 19 are connected to each other via 
the contact hole 18a may be employed instead. 
0107 The liquid crystal display 10 equipped with the 
reflector that has the reflection electrode 19 and the trans 
parent electrode 52 functions as a So-called transflective type 
liquid crystal display that has the functions of both the 
reflection type and the transflective type. 

0108). The reflector 11 shown in FIG. 7 can be manufac 
tured in the same method as used for the first embodiment. 
This method will be discussed below with reference to 
FIGS. 8A to 8D. 

0109) First, a substrate having the TFTs 16 as shown in 
FIG. 8A is prepared. Next, the polyimide film 35 is formed 
to a thickness of, for example, 2 um on the Substrate as 
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shown in FIG. 8B. For example, the polyimide film 35 is 
formed by baking at 110° C., ten minutes. 
0110. Then, the polyimide film 35 is subjected to laser 
processing to form the organic insulating layer 18 having a 
shape as shown in FIG. 8C as per the first embodiment. 
0111. In the third embodiment, a laser beam having a 
profile as shown in FIG. 9 is irradiated. The energy density 
of the laser beam is set to a range of, for example, 30 to 250 
mJ/cm and the number of irradiation pulses is, for example, 
10. 

0112. As shown in FIG. 9, the profile of the laser beam 
that has passed the mask 43 has a flat Steady energy portion 
and an undulated portion. The irradiation of the laser beam 
whose profile has an undulated portion and a flat portion 
forms an undulated portion and a flat portion as shown in 
FIG. 8C on the polyimide film 35. 
0113. Next, for example, a thin chromium film is formed 
on the organic insulating layer 18, then patterning as shown 
in FIG. 8D is performed to remove the thin chromium film 
on the flat portion. The transparent electrode 52 of ITO or 
the like is formed on the exposed flat portion of the organic 
insulating layer 18. This completes the reflector shown in 
FIG. 7. 

0114. As described above, the third embodiment provides 
the reflector that has the reflection electrode 19 having a 
multi-stage undulation and the flat transparent electrode 52. 
The undulated portion and flat portion of the organic insu 
lating layer 18 where the transparent electrode 52 and the 
reflection electrode 19 are to be formed respectively can be 
formed in a single Step by laser ablation. The reflector shown 
in FIG. 7 and the transflective type liquid crystal display 10 
equipped with the reflector can be manufactured in a Sub 
Stantially reduced number of StepS. 
0115) In the first to third embodiments, the organic insu 
lating layer 18 is formed of polyimide or acrylic resin. 
However, the organic insulating layer 18 can be formed of 
a resin which has a predetermined light absorbing range, 
Such as a polyimide resin, epoxy resin, acrylic resin, cyclic 
olefin or novolak resin. 

0116. The laser ablation process can be carried out by 
Selecting a laser beam in use in accordance with the type of 
the organic material used for the organic insulating layer 18. 
Available laser beam is ultraviolet light beam of, for 
example, ArFlaser (193 nm), KrFlaser (248 nm), Xecl laser 
(308 nm) or XeFlaser (351 nm), or infrared light beam of, 
for example, a YAG (Yttrium Aluminum Garnet) laser 
(1.065um) or carbon-dioxide laser (10.6 um). 
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0117 The invention can be similarly adapted to a reflec 
tor and a liquid crystal display which use Staggered Structure 
TFTS or so-called channel protection type TFTs. 
0118. Although the TFTs 16 are used as Switching ele 
ments, the invention is not limited to this particular type but 
can also be adapted to an active matrix type liquid crystal 
display which uses other switching elements, such as MIM 
(Metal-Insulator-Metal) elements, diodes or varistors, or a 
passive matrix type liquid crystal display which does not use 
Switching elements. 
0119) Various embodiments and changes may be made 
thereunto without departing from the broad Spirit and Scope 
of the invention. The above-described embodiments are 
intended to illustrate the present invention, not to limit the 
Scope of the present invention. The Scope of the present 
invention is shown by the attached claims rather than the 
embodiments. Various modifications made within the mean 
ing of an equivalent of the claims of the invention and within 
the claims are to be regarded to be in the Scope of the present 
invention. 

0120) The invention is based on Japanese Patent Appli 
cation No. 2001-264445 filed on Aug. 31, 2001 and this 
application includes the Specification, the claims, the draw 
ings and the abstract of the basic application. What is 
disclosed in the Japanese patent application is entirely 
incorporated in this specification by reference. 

1 A reflector comprising: 
an insulating layer on a Substrate, Said insulating layer 

having an undulation forming portion that is continu 
OuS and has plural peaks Separated by Valleys, the peaks 
having at least four different heights, and 

a reflective electrode on Said undulation forming portion. 
2. The reflector of claim 1, wherein the valleys have at 

least four different heights that are different from the heights 
of the peaks. 

3. A liquid crystal display having the reflector as recited 
in claim 1. 

4. A reflector comprising: 
an insulating layer on a Substrate, Said insulating layer 

having an undulation forming portion that is continu 
OuS and has plural Valleys Separated by peaks, the 
Valleys having at least four different heights, and 

a reflective electrode on Said undulation forming portion. 
5. A liquid crystal display having the reflector as recited 

in claim 4. 


