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(57) ABSTRACT 

In a liquid crystal Substrate in which a matrix of reflecting 
electrodes is formed on a Substrate, a transistor is formed 
corresponding to each reflective electrode and a Voltage is 
applied to the reflective electrode through the transistor. A 
silicon oxide film having a thickness of 500 to 2,000 ang 
stroms is used as the passivation film and the thickness is set 
to a value in response to the wavelength of the incident light 
to maintain a Substantially constant reflectance. 
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LIQUID CRYSTAL PANEL SUBSTRATE, 
LIQUID CRYSTAL PANEL, AND 

ELECTRONIC DEVICE AND PROJECTION 
DISPLAY DEVICE USING THE SAME 

0001. This is a Continuation of application Ser. No. 
12/382,926, filed Mar. 26, 2009, which in turn is a Continu 
ation of Ser. No. 11/987,379, filed Nov. 29, 2007, granted on 
May 12, 2009 as U.S. Pat. No. 7,532,292, which is in turn a 
Continuation of application Ser. No. 1 1/477,645, filed Jun. 
30, 2006, granted on Jan. 28, 2008 as U.S. Pat. No. 7,324,171, 
which in turn is a Divisional of application Ser. No. 1 1/378, 
252, filed Mar. 20, 2006, granted on Feb. 27, 2007 as U.S. Pat. 
No. 7,184,105, which in turn is a Continuation of application 
Ser. No. 1 1/152,163, filed Jun. 15, 2005, granted on Jan. 2, 
2007 as U.S. Pat. No. 7,158,205, which in turn is a Divisional 
of application Ser. No. 10/021,012, filed Dec. 19, 2001, 
granted on Aug. 23, 2005 as U.S. Pat. No. 6,933.996, which in 
turn is a Divisional of application Ser. No. 08/955,461, filed 
Oct. 21, 1997, granted on Feb. 5, 2002 as U.S. Pat. No. 
6,344,888. The disclosures of the prior applications are 
hereby incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of Invention 
0003. The present invention relates to liquid crystal panels 
and liquid crystal panels, and in particular, a technology Suit 
able for active matrix liquid crystal panels in which pixel 
electrodes are switched with switching elements formed on a 
semiconductor Substrate or an insulating Substrate. The 
present invention also relates to an electronic device and a 
projection display device using the same. 
0004 2. Description of Related Art 
0005 Liquid crystal panels having a structure in which a 
thin film transistor (TFT) array using amorphous silicon is 
formed on a glass Substrate have been conventionally used as 
reflective active matrix liquid crystal panels which are used in 
light valves of projection display devices. 
0006. The active matrix liquid crystal panel using the TFT 

is a transmissive liquid crystal panel, and a pixel electrode is 
formed with a transparent conductive film. In transmissive 
liquid crystal panels, since the Switching element-forming 
region, Such as a TFT, which is provided in each pixel is not 
a transparent region, it has a serious defect that the aperture 
ratio is low and decreases as the resolution of the panel is 
improved to XGA, or S-VGA. 
0007 As a liquid crystal panel having a smaller size than 
the transmissive active matrix liquid crystal panel, a reflective 
active matrix liquid crystal panel in which pixel electrodes, as 
reflecting electrodes, are switched with transistors formed on 
a semiconductor Substrate or an insulating Substrate has been 
proposed. 
0008. In such a reflective liquid crystal panel, the forma 
tion of a passivation film as a protective film on the Substrate 
in which the reflecting electrodes are formed is often omitted 
since it is not always necessary. The present inventor has 
studied the formation of a passivation film on a reflective 
liquid crystal panel Substrate. 
0009. In general, a silicon nitride film formed by a low 
pressure CVD process or a plasma CVD process is often used 
as a passivation film in semiconductor devices. The passiva 
tion film formed by a current CVD process inevitably has 
some variation of the thickness of approximately 10%. 
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Accordingly, the reflective liquid crystal panel has disadvan 
tages, e.g. the reflectance noticeably varies with variation of 
the thickness of the passivation film. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
reflective liquid crystal panel Substrate and a liquid crystal 
panel having a passivation film which does not vary the 
refractive index of the liquid crystal and having high reliabil 
ity. 
0011. It is another object of the present invention to pro 
vide a reflective liquid crystal panel having high reliability 
and excellent image quality and an electronic device and 
projection display device using the same. 
0012. The present invention for achieving the above object 
has a liquid crystal panel Substrate comprising a matrix of 
reflective electrodes formed on a substrate, a transistor 
formed corresponding to each reflective electrode, a Voltage 
applied to the reflective electrodes through the respective 
transistors, a passivation film formed on the reflecting elec 
trodes, the passivation film having a thickness to control a 
change in reflectance of the reflecting electrodes to wave 
lengths of incident light to within approximately 1%, and thus 
the thickness is selected such that the variation of the thick 
ness less affects the reflectance of the reflecting electrodes. 
0013 A phenomenon in which reflectance on the elec 
trodes significantly varies with the wavelength of light can be 
Suppressed by forming the passivation film with a silicon 
oxide film. 
0014. A silicon oxide film having a thickness of 500 to 
2,000 angstroms is used as the passivation film of the liquid 
crystal panel Substrate. Although the silicon oxide film has a 
function as a protective film slightly inferior to the silicon 
nitride film, it less affects the reflectance of the pixel electrode 
due to variation of the film thickness compared to the silicon 
nitride film. Since a silicon oxide film having a thickness of 
500 to 2,000 angstroms shows particularly slight dependency 
of the reflectance on the wavelength, the use of the silicon 
oxide film as the passivation film can reduce variation of the 
reflectance. 
0015. Further, the thickness of the passivation film is set to 
an adequate range in response to the wavelengths of incident 
light on each reflecting electrode. In detail, the thickness of 
the silicon oxide film as the passivation film is 900 to 1,200 
angstroms for a pixel electrode reflecting blue light, 1,200 to 
1,600 angstroms for a pixel electrode reflecting greenlight, or 
1,300 to 1,900 angstroms for a pixel electrode reflecting red 
light. When the thickness of the silicon oxide film as the 
passivation film is set to the above range, variation of the 
reflectance for each color can be suppressed to 1% or less, 
reliability of the liquid crystal panel is improved and the 
image quality is improved in a projection display device using 
the reflecting liquid crystal panel as a light valve. 
0016. It is preferred that the thickness of the silicon oxide 
film as the passivation film be determined in consideration of 
the thickness of an alignment film formed thereon. In this 
case, the alignment film has a thickness of preferably 300 to 
1,400 angstroms, and more preferably 800 to 1,400 ang 
stroms. Variation of the refractive index of the liquid crystal 
can be effectively suppressed by setting the thickness of the 
alignment film to the above-mentioned range. 
0017. In a liquid crystal panel having a pixel region in 
which a matrix of pixel electrodes are disposed and peripheral 
circuits, such as a shift register and a control circuit, formed 
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on the same Substrate, a passivation film composed of a sili 
con oxide film may be formed above the pixel region and a 
passivation film composed of a silicon nitride film may be 
formed above the peripheral circuits. Since the thickness of 
the passivation film above the peripheral circuits does not 
affect the reflectance, the use of the silicon nitride film 
enables secure protection of the peripheral circuits and 
improvement in reliability. 
0018. A silicon nitride film may be provided as an insu 
lating interlayer between the reflecting electrodes and the 
metal layer thereunder, instead of the formation of the passi 
Vation film on the reflecting electrodes or by using together 
with the passivation film composed of the silicon oxide film. 
The moisture resistance is thereby improved and the MOS 
FET for pixel switching and the holding capacitor can be 
prevented from corrosion due to water or the like. 
0019. A monolithic protective structure in which a silicon 
nitride film formed on a passivation film of a silicon oxide is 
provided over the edge and the side wall of the laminate of the 
transistor for Switching the pixel, and the insulating interlayer 
and metal layer which form a wire region Supplying a given 
Voltage and signal to the transistor. The water proof property 
is thereby improved at the edge of the liquid crystal panel in 
which water could otherwise readily penetrate, and the dura 
bility is also improved since it acts as a reinforcing material. 
0020. When a liquid crystal panel using the above-men 
tioned liquid crystal panel Substrate is used in a light valve of 
a projection display device, a color separation means for 
separating the light from a light source into three primaries, a 
first reflective liquid crystal panel for modulating red light 
from the color separation means, a second reflective liquid 
crystal panel for modulating green light from the color sepa 
ration means and a third reflective liquid crystal panel for 
modulating blue light from the color separation means are 
provided, the thickness of the silicon oxide film forming a 
passivation film of the first reflective liquid crystal panel is in 
a range of 1,300 to 1,900 angstroms, the thickness of the 
silicon oxide film forming a passivation film of the second 
reflective liquid crystal panel is in a range of 1,200 to 1,600 
angstroms, and the thickness of the silicon oxide film forming 
a passivation film of the third reflective liquid crystal panel is 
in a range of 900 to 1,200 angstroms, the passivation film has 
a thickness in response to the wavelength of the color light to 
be modulated in each light valve for modulating each color 
light. Variation of the reflectance and variation of the syn 
thetic light therefore decrease. Variation of hue of the color 
display in the projected light between different projection 
display device products is prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIGS. 1(a) and 1(b) is a cross-sectional view of a 
first embodiment of a pixel region of a reflecting electrode 
side Substrate of a reflective liquid crystal panel in accordance 
with the present invention. 
0022 FIG.2 is a cross-sectional view of an embodiment of 
a structure of a peripheral circuit of a reflecting electrode side 
Substrate of a reflective liquid crystal panel in accordance 
with the present invention. 
0023 FIG. 3 is a planar layout of a first embodiment of a 
pixel region of a reflecting electrode side substrate of a reflec 
tive liquid crystal panel in accordance with the present inven 
tion. 
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0024 FIG. 4 is a cross-sectional view of an embodiment of 
an edge structure of a reflecting electrode side Substrate of a 
reflective liquid crystal panel in accordance with the present 
invention. 
0025 FIG. 5 is a cross-sectional view of another embodi 
ment of a reflecting electrode side substrate of a reflective 
liquid crystal panel in accordance with the present invention. 
0026 FIG. 6 is a plan view of an example of a layout of a 
reflecting electrode side substrate of a reflective liquid crystal 
panel in an embodiment. 
0027 FIG. 7 is a cross-sectional view of an embodiment of 
a reflective liquid crystal panel using a liquid crystal panel 
substrate of an embodiment. 
0028 FIG. 8 is a graph including a gate driving waveform 
and a data line driving waveform of a FET for pixel electrode 
Switching of a reflective liquid crystal panel in accordance 
with the present invention. 
0029 FIG. 9 is a block diagram of a video projector as an 
example of projection display devices in which a reflective 
liquid crystal panel of an embodiment is used as a light valve. 
0030 FIG. 10 is a graph illustrating that the reflectance of 
a reflecting electrode composed of an aluminum layer varies 
with the thickness of the silicon oxide film at a given length of 
the incident light. 
0031 FIG. 11 is a graph illustrating that the reflectance of 
a reflecting electrode composed of an aluminum layer varies 
with the thickness of the silicon oxide film at a given length of 
the incident light. 
0032 FIG. 12 is a graph in which the reflectance is plotted 
at a given wavelength interval when the thickness of the 
silicon oxide film is changed within a wavelength range cov 
ering blue light. 
0033 FIG. 13 is a graph in which the reflectance is plotted 
at a given wavelength interval when the thickness of the 
silicon oxide film is changed within a wavelength range cov 
ering green light. 
0034 FIG. 14 is a graph in which the reflectance is plotted 
at a given wavelength interval when the thickness of the 
silicon oxide film is changed within a wavelength range cov 
ering red light. 
0035 FIGS. 15 (a), (b) and (c) are appearances of elec 
tronic devices using reflection liquid crystal panels in accor 
dance with the present invention, respectively. 
0036 FIG.16 is a cross-sectional view of another embodi 
ment of a reflecting electrode side substrate of a reflective 
liquid crystal panel in accordance with the present invention. 
0037 FIG.17 is a cross-sectional view of another embodi 
ment of a reflecting electrode side substrate of a reflective 
liquid crystal panel in accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0038 Preferred embodiments in accordance with the 
present invention will now be described with reference to the 
drawings. 
0039 FIGS. 1(a), 1(b) and 3 show a first embodiment of a 
reflecting electrode substrate of a reflective liquid crystal 
panel in accordance with the present invention. FIGS. 1(a), 
1(b) and 3 are a cross-sectional view and a planar layout view, 
respectively, of one pixel section among a matrix of pixels. 
FIG. 1(a) is a cross-sectional view taken along cross-section 
line I-I of FIG. 3. FIG. 1(b) is a cross-sectional view taken 
along cross-section line II-II of FIG. 3. FIG. 6 is an entire 
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planar layout view of a reflecting electrode substrate of a 
reflective liquid crystal panel in accordance with the present 
invention. 

0040. In FIGS. 1(a) and 1(b), identification numeral 1 
represents a P-type semiconductor Substrate Such as single 
crystal silicon for N-type semiconductor substrate (NT)), 
identification numeral 2 represents a P-type well region hav 
ing an impurity content higher than that of the semiconductor 
substrate formed on the surface of the semiconductor sub 
strate 1, and identification numeral 3 represents a field oxide 
film for separating elements (so called LOCOS) formed on 
the surface of the semiconductor substrate 1. The well region 
2 is formed as a common well region of a pixel region in 
which a matrix of pixels of, for example, 768 by 1,024 is 
provided, and is not limited to this As shown in FIG. 6, the 
well region2 is separately formed from a well region in which 
peripheral circuits, such as a data line driving circuit 21, agate 
line driving circuit 22, an input circuit 23 and a timing control 
circuit 24, which are disposed on the periphery of a pixel 
region 20 in which a matrix of pixels are arranged, are formed. 
The field oxide film 3 is formed into a thickness of 5,000 to 
7,000 angstroms by selective thermal oxidation. 
0041. Two openings per pixel are formed in the field oxide 
film 3. In the center of one opening a gate electrode 4a 
composed of polysilicon or metal silicide is formed through a 
gate oxide film (insulating film) 4b formed by thermal oxi 
dation, Source and drain regions 5a and 5b composed of 
N-type impurity doping layers (hereinafter referred to as dop 
ing layers) are formed on the substrate surface at both sides of 
the gate electrode 4a, and a MOSFET is thereby formed. The 
gate electrode 4a extends to the scanning direction (pixel line 
direction) to form a gate line 4. 
0042. On the substrate surface in the other opening formed 
in the field oxide film 3, a P-type doping region 8 is formed. 
On the surface of the P-type doping region 8, an electrode 9a 
composed of polysilicon or metal silicide is formed through 
an insulating film 9b formed by thermal oxidation. A capaci 
tor for holding a Voltage applied to the pixel is formed 
between the electrode 9a and the P-type doping region 8 
through the insulating film 9. The electrode 9a and the poly 
silicon or metal silicide layer as the gate electrode 4a of the 
MOSFET can be formed by the same process, and the insu 
lating film 9b under the electrode 9a and the insulating film as 
the gate insulating film 4b can beformed by the same process. 
0043. The insulating films 4b and 9b are formed on the 
semiconductor Substrate surface in the openings by thermal 
oxidation into a thickness of 400 to 800 angstroms. The 
electrodes 4a and 9a have a structure in which a poly-silicon 
layer having a thickness of 1,000 to 2,000 angstroms is 
formed and a silicide layer of a high boiling point metal Such 
as Mo or Whaving a thickness of 1,000 to 3,000 angstroms is 
formed thereon. The source and drain regions. 5a and 5b are 
formed by means of self-alignment by implanting an N-type 
impurity on the substrate surface at both sides of the gate 
electrode 4a as a mask by ion implanting. The well region just 
below the gate electrode 4a acts as the channel region 5c of 
the MOSFET. 

0044) The above-mentioned P-type doping region 8 is 
formed by, for example, a doping treatment including exclu 
sive ion implanting and heat treatment, and may beformed by 
ion implanting before the formation of the gate electrode. 
That is, after the insulating films 4b and 9b are formed, an 
impurity of the same conductivity type as the well is 
implanted to form a region 8 on the well Surface having a 
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higher impurity concentration and a lower resistance than 
those in the well. The concentration of impurities in the well 
region 2 is preferably 1x10''/cm or less, and more prefer 
ably 1x10"/cm to 5x10"/cm. The preferred concentration 
of the Surface impurities in the source and drain regions 5a 
and 5b is 1x10'/cm to 3x10'/cm. Also, the concentration 
of the P-type doping region 8 is preferably 1x10"/cm to 
5x10'/cm, and more preferably 1x10"/cm to 1x10'/cm 
in view of reliability of the insulating film forming the hold 
ing capacitance and Voltage resistance. 
0045. A first insulating layer 6 is formed over the elec 
trodes 4a and 9a on the field oxide film3, a data line 7 (refer 
to FIG. 3) substantially consisting of aluminum is formed on 
the insulating film 6, and a source electrode 7a and an auxil 
iary bonding wire 10 are provided so as to protruded from the 
data line. The source electrode 7a is electrically connected to 
the source region 5a through a contact hole 6a formed in the 
insulating film 6, one end of the auxiliary bonding wire is 
electrically connected to the drain region5b through a contact 
hole 6b formed in the insulating film 6 and the other end is 
electrically connected to the electrode 9a through a contact 
hole 6c formed in the insulating film 6. 
0046. The insulating film 6 is formed by, for example, 
depositing an HTO film (a silicon oxide film formed by a high 
temperature CVD process) having a thickness of approxi 
mately 1,000 angstroms and depositing a BPSG film (a sili 
cate glass film containing boron and phosphorus) having a 
thickness of approximately 8,000 to 10,000 angstroms. The 
metal layer which forms the source electrode 7a (the data line 
7) and the auxiliary bonding wire 10 has, for example, a 
four-layer structure of Ti/TiN/Al/TiN from the bottom. The 
thicknesses of the lower Tilayer, TiN layer, Allayer and upper 
Tilayer are 100 to 600 angstroms, approximately 1,000 ang 
stroms, 4,000 to 10,000 angstroms and 300 to 600 angstroms, 
respectively. 
0047 A second insulating interlayer 11 is formed over the 
source electrode 7a, the auxiliary bonding wire 10 and the 
insulating interlayer 6, and a light shielding film comprising 
a second metal layer 12 composed of aluminum is formed on 
the second insulating interlayer 11. The second metal layer 12 
as the light shielding film is formed as a metal layer for 
forming bonding wires between devices in the peripheral 
circuits, such as a driving circuit, which are formed on the 
periphery of the pixel region, as described below. No addi 
tional step is therefore required for forming only the light 
shielding film 12, and the process can be simplified. The light 
shielding film 12 is formed so as to cover the entire pixel 
region 20 and has an opening 12a on the auxiliary bonding 
wire 10 for piercing a pillar connecting plug 15 which elec 
trically connects a pixel electrode with a MOSFET described 
later. That is, in the plan view shown in FIG. 3, a rectangular 
frame 12a represents the above-mentioned opening and the 
entire outside of the opening 12a is covered with the light 
shielding film 12. The incident light from the upper side in 
FIG. 1 (the liquid crystal layer side) is almost completely 
shielded and a light leakage current flow due to light trans 
mission in the channel region 5c and the well region 2 of the 
MOSFET for pixel switching can be prevented. 
0048. The second insulating layer 11 is formed by, for 
example, depositing a silicon oxide film by a plasma CVD 
process using TEOS (tetraethylorthosilicate) (herein after 
referred to as a TEOS film) into a thickness of approximately 
3,000 to 6,000 angstroms, depositing a SOG film (a spin-on 
glass film), etching it by an etch-back process, and depositing 
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a second TEOS film thereon into a thickness of approximately 
2,000 to 5,000 angstroms. The second metal layer 12 as the 
light shielding film may have the same structure as the first 
metal layers 7 (7a) and 10, and may have, for example, a four 
layer structure of Ti/TiN/Al/TiN from the bottom. The thick 
nesses of the lower Tilayer, TiN layer, Al layer and upper Ti 
layer are 100 to 600 angstroms, approximately 1,000 ang 
stroms, 4,000 to 10,000 angstroms and 300 to 600 angstroms, 
respectively. 
0049. In this embodiment, a third insulating layer 13 is 
formed on the light shielding layer 12, and a rectangular pixel 
electrode 14 as a reflective electrode almost corresponding to 
one pixel is formed on the third insulating layer 13 as shown 
in FIG. 3. A contact hole is provided inside the opening 12 in 
the light shielding film 12 So as to pierce the third insulating 
interlayer 13 and the second insulating interlayer 11, and the 
contact hole 16 is filled with a pillar connecting plug 15 
composed of a high melting point metal. Such as tungsten, 
which electrically connects the auxiliary bonding wire 10 and 
the pixel electrode 14. A passivation film 17 is formed on the 
entire pixel electrode 14. 
0050. When forming a liquid crystal panel, an alignment 
film is formed on a substrate at the reflective electrode side, an 
opposing Substrate which is provided with an opposing (com 
mon) electrode therein and an alignment film thereon is pro 
vided on the inside face at a given gap so as to face the 
Substrate, and a liquid crystal is encapsulated into the gap. 
0051. For example, after tungsten is deposited by a CVD 
process to form the connecting plug 15, the tungsten and the 
third insulating interlayer 13 are planarized by a chemical 
mechanical polishing (CMP) process, the pixel electrode 14 
is formed by a low temperature Sputtering process using 
aluminum into a thickness of 300 to 5,000 angstroms and is 
formed by a patterning process into a square having a side of 
approximately 15 to 20 Jum. The connecting plug 15 may be 
formed by smoothing the third insulating interlayer 13 by a 
CMP process, providing the contact hole and depositingtung 
sten therein. The passivation film 17 is composed of a silicon 
oxide film having a thickness of 500 to 2,000 angstroms in the 
pixel region and a silicon nitride film having a thickness of 
2,000 to 10,000 angstroms in the scribe section. A seal section 
represents a region which is formed by a sealing material for 
fixing the gap between the two Substrates in the liquid crystal. 
The scribe section represents a section along a scribe region, 
i.e., the edge of the liquid crystal panel Substrate, when a 
number of reflective liquid crystal panel substrates are formed 
in a semiconductor wafer and separated along scribe lines into 
semiconductor chips. 
0052. The use of a silicon oxide film as the passivation film 
17 covering the pixel region can prevent a significant change 
in a reflectance due to the variation of the film thickness and 
the wavelength of the light. 
0053. On the other hand, the passivation film 17 covering 
a region outside the region in which the liquid crystal is 
encapsulated (outside the seal section) is formed of a single 
layer structure consisting of a silicon nitride film or a double 
layer structure consisting of a silicon oxide film and a silicon 
nitride film thereon in order to further improve reliability, in 
which the silicon nitride film is superior to the silicon oxide 
film in terms of water proof property. Although water can 
readily penetrate from the peripheral region of the substrate 
contacting to the outer atmosphere and in particular the scribe 
section, the silicon nitride protective film covering the region 
can further improve the reliability and durability at the region. 
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0054) A polyimide alignment film is formed on the entire 
passivation film 17 and subjected to rubbing treatment to 
form a liquid crystal panel. 
0055. The thickness of the passivation film 17 can be 
determined within an adequate range in response to the wave 
length of the incident light. The thickness of the silicon oxide 
as the passivation film is in a range of 900 to 1,200 angstroms 
for a pixel electrode reflecting blue light, 1,200 to 1,600 
angstroms for a pixel electrode reflecting greenlight, or 1.300 
to 1,900 angstroms for a pixel electrode reflecting red light. A 
thickness of the siliconoxide film as the passivation film set to 
within the range can Suppress the variation of the reflectance 
in the reflective electrode composed of aluminum to 1% or 
less. The ground is illustrated below. 
0056 FIGS. 10 and 11 show the results of dependency of 
the reflectance of the aluminum reflective electrode on the 
thickness of the silicon oxide film at different wavelengths. In 
FIG. 10, symbol () represents reflectance at a thickness of 
500 angstroms, symbol D represents reflectance at a thick 
ness of 1,000 angstroms, symbol A represents reflectance at a 
thickness of 1,500 angstroms, and symbolx represents reflec 
tance at a thickness of 2,000 angstroms. In FIG. 11, symbol () 
represents reflectance at a thickness of 1,000 angstroms, sym 
bol D represents reflectance at a thickness of 2,000 ang 
stroms, symbol A represents reflectance at a thickness of 
4,000 angstroms, and symbol X represents reflectance at a 
thickness of 8,000 angstroms. 
0057. As shown in FIG. 11, at a thickness of 4,000 ang 
stroms the reflectance decreases approximately 3% from 0.89 
to 0.86 as the wavelength changes from 450 nm to 550 nm and 
the reflectance decreases approximately 8% from 0.85 to 0.77 
as the wavelength changes from 700 nm to 800 nm. At a 
thickness of 8,000 angstroms the reflectance decreases 
approximately 3% from 0.89 to 0.86 as the wavelength 
changes from 500 nm to 600 nm and the reflectance decreases 
approximately 6% from 0.86 to 0.80 as the wavelength 
changes from 650 nm to 750 nm. In contrast, no significant 
changes are observed at a thickness of 500 angstroms, 1,000 
angstroms, 1,500 angstroms or 2,000 angstroms. These 
results illustrate that the effective thickness of the silicon 
oxide film is in a range of 500 to 2,000 angstroms. 
0.058 As a result, a reflective liquid crystal panel having a 
reduced dependency of the reflectance on the wavelength can 
beachieved by a thickness of 500 to 2,000 angstroms as the 
passivation film formed on the reflective electrode. 
0059 FIGS. 10 and 11 also demonstrate that the reflec 
tance slightly changes in a specified thickness range of the 
silicon oxide film. The present inventor further studied an 
optimum thickness range of the silicon oxide film for the 
incident and reflecting color light. The results are shown in 
FIGS. 12 to 14. FIG. 12 is a graph illustrating reflectances at 
various thicknesses of the silicon oxide film in a wavelength 
range of 420 to 520 nm for blue light and its neighbor, FIG. 13 
is a graph illustrating reflectances at various thicknesses of 
the silicon oxide film in a wavelength range of 500 to 600 nm 
for green light and its neighbor, and FIG. 14 is a graph 
illustrating reflectances at various thicknesses of the silicon 
oxide film in a wavelength range of 560 to 660 nm for red light 
and its neighbor. 
0060 FIG. 12 demonstrates that at a thickness of 800 
angstroms the reflectance decreases by approximately 1.1% 
from 0.896 to 0.882 as the wavelength changes from 440 nm 
to 500 nm. At a thickness of 1,300 angstroms, the reflectance 
changes by approximately 0.6% from 0.887 to 0.893 as the 
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wavelength changes from 420 nm to 470 nm and the reflec 
tance is noticeably lower than those at other thicknesses 
within a wavelength of 420 to 450 nm. In contrast, no signifi 
cant changes in reflectance are observed and a satisfactorily 
high reflectance is achieved at a thickness of 900 angstroms, 
1,000 angstroms, 1,100 angstroms or 1.200 angstroms. 
0061. As shown in FIG. 13, at a thickness of 1,100 ang 
stroms the reflectance decreases by approximately 1.6% from 
0.882 to 0.866 as the wavelength changes from 550 nm to 600 
nm. At a thickness of 1,700 angstroms the reflectance is 
considerably lower than those at other thicknesses within a 
wavelength of 500 nm to 530 nm. In contrast, no significant 
changes in reflectance are observed and a satisfactorily high 
reflectance is achieved at a thickness of 1,250 angstroms, 
1,400 angstroms or 1.550 angstroms. 
0062. As shown in FIG. 14, at a thickness of 1,200 ang 
stroms the reflectance decreases by approximately 3.4% from 
0.882 to 0.848 as the wavelength changes from 560 nm to 660 
nm. At a thickness of 2,000 angstroms the reflectance is 
considerably lower than at other thicknesses within a wave 
length of 560 nm to 610 nm. In contrast, no significant 
changes in reflectance are observed and a satisfactorily high 
reflectance is achieved at a thickness of 1,400 angstroms, 
1,600 angstroms or 1,800 angstroms. 
0063 FIGS. 12 to 14 demonstrate that when a thickness of 
the siliconoxide film as the passivation film is setto within the 
range of 900 to 1,200 angstroms for a pixel electrode which 
reflects blue light, 1,200 to 1,600 angstroms for a pixel elec 
trode which reflects green light or 1,300 to 1,900 angstroms 
for a pixel electrode which reflects red light, the variation of 
the reflectance for each color can be suppressed to 1% or less 
and a satisfactorily high reflectance can be achieved. 
0064. Each of the graphs shown in FIGS. 12 to 14 shows 
the reflectance when a polyimide alignment film is formed 
with a thickness of 1,100 angstroms on the passivation film. 
The optimum thickness range of the silicon oxide film 
slightly shifts with a different thickness of the alignment film. 
Regarding the thickness range of the alignment film, it is not 
capable of aligning if its thickness is less than 300 angstroms 
in view of Suppressing the variation of reflectance, whereas 
the polyimide absorbs high wavelength light and low wave 
length light and has appreciable capacitance which is con 
nected in series to the liquid crystal capacitor in the equivalent 
circuit; therefore it is preferred that the thickness of the align 
ment film be within a range of 300 to 1,400 angstroms. If a 
decrease in the alignment capability due to a decreased thick 
ness of the alignment film is anticipated, the thickness is 
preferably in a range of 800 to 1,400 angstroms. 
0065. When the thickness of the alignment film is within 
the above-mentioned range and the thickness of the silicon 
oxide film in the liquid crystal panel for each color is within 
the above-mentioned range, the variation of the reflectance 
can be satisfactorily Suppressed to 1% or less. 
0066. Accordingly, when a color display is formed in one 
liquid crystal panel, the thickness of the passivation film on 
the reflective electrode can be varied according to the color of 
each pixel. That is, in a configuration where an RGB color 
filter is formed on the inner face of the opposing substrate 
facing the reflective substrate in response to pixel electrodes 
and the color light passing through the color filter is reflected 
from the pixel electrode, a single plate-type reflective liquid 
crystal panel having high reflectance can be obtained by 
setting the thickness of the passivation film formed on the 
pixel electrode reflecting red light from the red (R) color filter 
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to 1,300 to 1,900 angstroms, the thickness of the passivation 
film formed on the pixel electrode reflecting green light from 
the green (G) color filter to 1,200 to 1,600 angstroms and the 
thickness of the passivation film formed on the pixel electrode 
reflecting blue light from the blue (B) color filter to 900 to 
1,200 angstroms. The liquid crystal panel can also be used as 
a light valve for a single plate-type projection display device. 
The color light may be formed by a means which converts 
light incident on each pixel electrode into the color light, for 
example, a dichroic mirror, instead of the color filter. 
0067. The liquid crystal panel in accordance with the 
present invention can also be used in a projection display 
device described later which is provided with a liquid crystal 
panel reflecting red light, a liquid crystal panel reflecting 
green light and a liquid crystal panel reflecting blue light. In 
this case, it is preferred that the thicknesses of the silicon 
oxide film as the passivation film be in a range of 1,300 to 
1,900 angstroms for the liquid crystal panel in the light valve 
for modulating red light, in a range of 1,200 to 1,600 ang 
stroms for the liquid crystal panel in the light valve for modu 
lating greenlight, and in a range of 900 to 1,200 angstroms for 
the liquid crystal panel in the light valve for modulating blue 
light, respectively. 
0068 FIG. 3 is a planar layout view of the liquid crystal 
substrate at the reflection side shown in FIG.1. As shown in 
FIG. 3, the data line 7 and the gate line 4 are formed so as to 
cross each other in this embodiment. Since the gate line 4 is 
formed so as to act as the gate electrode 4a, the hatched region 
Hofthe gate line 4 in FIG.3 acts as the gate electrode 4a and 
a channel region 5c of MOSFET for pixel switching is pro 
vided on the substrate surface thereunder. The source and 
drain regions. 5a and 5b are formed on the substrate surface at 
both sides (at the upper and lower sides in FIG. 3) of the 
channel region 5c. The source electrode 7a connecting to the 
data line is formed so as to protrude from the data line 7, 
extended along the vertical direction in FIG. 3, and is con 
nected to the source region 5a of the MOSFET through the 
contact hole 6b. 
0069. The P-type doping region as a constituent of one 
terminal of the holding capacitor is formed so as to link to the 
P-type doping region in the adjacent pixel in the direction 
parallel to the gate line 4 (the pixel line direction). It is 
connected to a power line 70 provided outside the pixel region 
through contact holes 71 so that a given Voltage V. Such as 0 
volt (ground Voltage), is applied. The given voltage V may 
be close to a voltage of the common electrode provided on the 
opposing Substrate, a central Voltage of the amplitude of 
image signals Supplied to close to the data line, or an inter 
mediate Voltage between the common electrode Voltage and 
the amplitude central Voltage of the image signals. 
0070 The connection of the P-type doping region 8 to the 
voltage V at the outside of the pixel region stabilizes the 
Voltage of one electrode of the holding capacitor and the 
holding Voltage held in the holding capacitor during the non 
selection time period of the pixel (the non-leading time of the 
MOSFET), and decreases the variation of the voltage applied 
to the pixel electrode during one frame time period. Since the 
P-type doping region 8 is provided near the MOSFET and the 
voltage of the P-type well is simultaneously fixed, the sub 
strate voltage of the MOSFET is stabilized and the variation 
of a threshold voltage due to the back gate effect can be 
prevented. 
0071 Although not shown in the drawings, the power line 
70 is also used as a line which Supplies a given Voltage V as 
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a well voltage to the P-type well region (separated from the 
well of the pixel region) in the peripheral circuit provided 
outside the pixel region. The power line 70 is formed of the 
first metal layer which is the same as the data line 7. 
0072 Each pixel electrode 14 has a rectangular shape and 

is provided in close proximity to the adjacent pixel electrode 
14 at a given distance, for example, 1 um, so as to decrease the 
light leaked between the pixel electrodes as much as possible. 
Although the center of the pixel electrode is shifted from the 
center of the contact hole in the drawings, it is preferable that 
both centers substantially agree with each other due to the 
following reason. Since the second metal layer 12 having a 
light shielding effect has an opening 12a at the periphery of 
the contact hole 16, the opening 12a provided near the edge of 
the pixel electrode 14 causes random reflection between the 
second metal layer 12 and the back surface of the pixel elec 
trode of the light incident from the gap between the pixel 
electrodes in which the light reaches the opening 12a and 
leaks from the opening through the lower Substrate. It is 
therefore preferable that the center of the pixel electrode and 
the center of the contact hole 16 substantially agree with each 
other, because the distance in which the light incident from 
the gap with the adjacent pixel reaches the contact hole is 
almost equalized at the edge of each pixel electrode and the 
light barely reaches the contact hole which will form the light 
incident on the substrate side. 

0073. Although the above-mentioned embodiment 
includes the N-channel-type MOSFET for pixel switching 
and the P-type doping layer of semiconductor region 8 as one 
electrode of the holding capacitance, an N-type well region 2. 
a P-channel-type MOSFET for pixel switching and a N-type 
doping layer of semiconductor region as one electrode of the 
holding capacitance are also available. In this case, it is pref 
erable that a given Voltage V, is applied to the N-type 
doping layer as one electrode of the holding capacitance as in 
the P-type well region. It is preferred that the given voltage 
V, be a higher Voltage of the power Voltages since it applies 
a Voltage to the N-type well region. For example, when a 
Voltage of image signals applied to the source and drain in the 
MOSFET for pixel switching is 5 volts, it is preferable that the 
given Voltage V, also be 5 Volts. 
0074. A high voltage, e.g. 15 volts, is applied to the gate 
electrode 4a of the MOSFET for pixel switching, whereas 
logic circuits. Such as a shift resistor, in the peripheral circuit, 
are driven by a low voltage, e.g. 5 volts (but a part of the 
peripheral circuit, for example a circuit for applying a scan 
ning signal to the gate line is driven at 15 volts). It is conceiv 
able that the thickness of a gate insulating film in a FET as a 
peripheral circuit which is driven at 5 volts is lower than that 
of a gate insulating film of an FET for pixel switching (by 
forming the gate insulating film by another process or by 
etching the surface of the gate insulating film of the FET in the 
peripheral circuit) in order to improve the response of the FET 
in the peripheral circuit and increase the operation rate of the 
peripheral circuit (in particular, a shift resistor in a driving 
circuit at the data line side requiring high speed scanning). 
When such a technology is applied, the thickness of the gate 
insulating film of the FET as a constituent of the peripheral 
circuit can be reduced to approximately one third to one fifth 
the thickness of the gate insulating film of the FET for pixel 
switching (for example, 80 to 200 angstroms) in view of 
Voltage resistance. 
0075. The driving waveform in the first embodiment has a 
shape as shown in FIG. 8. In the drawing, V represents 
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scanning signals applied to the gate electrode of the MOSFET 
for pixel Switching, the time periodt represents a selection 
time period (scanning time period) to lead the MOSFET of 
the pixel and the time period other than that is a non-selection 
time period so as not to lead MOSFET of the pixel. Further, 
V represents the maximum amplitude of the image signals 
applied to the data line, V represents a central Voltage of the 
image signals, and LC-COM represents a common Voltage 
applied to the opposing (common) electrode formed on the 
opposing Substrate facing the reflective electrode Substrate. 
0076. The voltage applied between the electrodes of the 
holding capacitor is determined by the difference between the 
image signal Voltage V applied to the data line as shown in 
FIG. 8 and a given voltage V, such as 0 volts, applied to the 
P-type semiconductor region 8. The difference between the 
image signal voltage V and the central Voltage V of the 
image signal, i.e., approximately 5 Volts, is, however, Suffi 
cient for the voltage difference which is to be applied to the 
holding capacitor (the common voltage LC-COM applied to 
the opposing (common) electrode 33 provided on the oppos 
ing substrate of the liquid crystal panel in FIG. 6 is shifted by 
AV from V, whereas the voltage actually applied to the pixel 
electrode is also shifted by AV and becomes V-AV. The first 
embodiment therefore permits that the doping region 8 form 
ing one terminal of the holding capacitor is set to be reverse 
polarity to the well (N-type for the P-type well) and it is 
connected to a voltage of near V or LC-COM at the periphery 
of the pixel region so as to hold a voltage different from the 
well voltage (for example, V for the P-type well). By simul 
taneously forming the insulating film 9b just below the poly 
silicon or metal silicide layer as one electrode 9a of the 
holding capacitor with the gate insulating film of the FET 
forming a peripheral circuit, not the gate insulating film of the 
FET for pixel switching, the thickness of the insulating film in 
the holding capacitor can be reduced to one third to one fifth 
compared to the above-mentioned embodiment and the 
capacitance can be increased by three to five times. 
0077 FIG. 1(b) is a cross-sectional view (cross-section 
II-II in FIG. 3) of the periphery of the pixel region in the first 
embodiment in accordance with the present invention. The 
drawing shows a configuration of a section in which the 
doping region 8 extending in the scanning direction of the 
pixel region (pixel line direction) is connected to a given 
voltage (V). Identification number 80 represents a P-type 
contact region which is formed by the same step as the source? 
drain region of the MOSFET in the peripheral circuit, in 
which impurities having the same conductivity type are ion 
implanted after the formation of the gate electrode into the 
doping region 8 which is formed before the formation of the 
gate electrode. The contact region 80 is connected to the line 
70 through the contact hole 71 to apply a constant voltage V. 
The upper face of the contact region 80 is also shielded with 
a light shielding film 14' composed of a third metal layer. 
0078 FIG. 2 is a cross-sectional view of an embodiment of 
a CMOS circuit device forming a peripheral circuit, e.g. a 
driving circuit, outside the pixel region. In FIG. 2, the posi 
tions having the same numbers as FIG. 1 represent the metal 
layer, insulating film and semiconductor region which are 
formed by the same step. 
0079. In FIG. 2, identification numbers 4a and 4a' repre 
sent gate electrodes of an N-channel MOSFET and a P-chan 
nel MOSFET forming a peripheral circuit (CMOS circuit) 
Such as a driving circuit, respectively, identification numbers 
5a (5b) and 5a' (5b') represent an N-type doping region and a 
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P-type doping region, respectively, as their respective source 
and drain regions, and identification numbers 5c and 5c' rep 
resent their respective channel regions. The contact region 80 
for supplying a constant voltage V to the P-type doping 
region 8 as one electrode of the holding capacitor in FIG. 1 is 
formed by the same step as the P-type doping region 5a' (5b') 
as the source (drain) region of the P-channel MOSFET. Iden 
tification numbers 27a and 27c represent source electrodes 
formed by the first metal layer and connected to the power 
voltage (any one of 0 volt, 5 volts and 15 volts), and identifi 
cation number 27b represents a drain electrode formed by the 
first metal layer. Identification number 32a represents a wir 
ing layer composed of the second metal layer and is used as a 
wire for connecting between the devices forming a peripheral 
circuit. Identification number 32b also represents a power 
wiring layer composed of the second metal layer and acts as 
a light shielding film. The light shielding film 32b can be 
connected to any one of V, LC-COM, power Voltage, a 
constant Voltage, e.g. 0 Volt, and a variable Voltage. The 
shielding film formed from the same layer as the wiring layers 
32a and 32b may be in a floating Voltage (non-applied Volt 
age) state by separating with the wiring layers 32a and 32b. 
Identification number 14 represents a third metal layer which 
is used as a light shielding film in the peripheral circuit and 
prevents erroneous operation of the peripheral circuit due to 
unstable Voltage in the semiconductor region which is caused 
by carriers formed during light transmittance in the semicon 
ductor region of the peripheral circuit. Accordingly, the 
peripheral circuit is also shielded from light by the second and 
third metal layers. 
0080. As described above, the passivation film 17 in the 
peripheral circuit may be a protective film composed of a 
silicon nitride film or a double-layered film of silicon oxide 
and silicon nitride thereon, in which the silicon nitride pro 
tective film is superior to the silicon oxide film as the passi 
Vation film in the pixel region. The source/drain region of the 
MOSFET forming the peripheral circuit of this embodiment 
may be formed by a self-alignment process, although it not 
limited to this. The source/drain region of each MOSFET 
may have a LDD (lightly doped drain) structure or a DDD 
(double doped drain) structure. It is preferred that the FET for 
pixel Switching have an offset structure in which the gate 
electrode is distant from the source/drain region, taking into 
consideration that the FET for pixel switching is driven by a 
high Voltage and the leakage current must be prevented. 
0081 FIG. 4 shows a preferred embodiment of an edge 
structure of a reflecting electrode (pixel electrode) substrate. 
In FIG. 4, the parts having the same identification numbers 
represent the layers and semiconductor regions formed by the 
same steps. 
0082. As shown in FIG. 4, the edge of the laminate com 
posed of the insulating interlayer and the metal layer and its 
side wall has a monolithic protective structure in which a 
silicon nitride film 18 is formed on the silicon oxide passiva 
tion film 17 which covers the pixel region and the peripheral 
circuit. The edge corresponds to each of the edges of Sub 
strates (semiconductor chip) which are formed on a silicon 
wafer and separated by dicing along the scribe lines. The 
lower right portion of the step in FIG. 4 corresponds to the 
scribe region. 
0083. Since the uppersection and side wall of the substrate 
are covered with the silicon nitride protective film at the edge, 
water and the like will barely penetrate from the edge, dura 
bility is improved and the yield is improved due to reinforce 

Jan. 20, 2011 

ment of the edge. In this embodiment, a sealing material 36 
for encapsulating the liquid crystal is provided on the mono 
lithic protective structure which is perfectly planarized. The 
distance to the opposing Substrate therefore can be main 
tained constant regardless of variation of the thickness 
whether the insulating interlayer and the metal layer are 
present or not. Since the above configuration permits a single 
layered silicon oxide protective film on the reflecting elec 
trode forming a pixel electrode, it can Suppress a decrease in 
reflectance and dependence of the reflectance on the wave 
length. 
0084 As shown in FIG. 4, in this embodiment, the third 
metal layer 14' is the same as the layer 14 which is used as the 
light shielding film in the peripheral circuit region and the 
reflection electrode of the pixel, and it is connected to the 
predetermined Voltage through the second and first metal 
layers 12 and 7" and fixed to the substrate voltage. Also the 
second metal layer 12" or the first metal layer 7" may be 
extended under the sealing material 36 instead of the third 
metal layer 14 to be used as a layer for fixing the voltage. This 
is capable of preventing static electricity during the formation 
of the liquid crystal Substrate and liquid crystal panel and after 
the formation of the liquid crystal panel. 
0085 FIG. 5 shows another embodiment in accordance 
with the present invention. FIG. 5 is a cross-sectional view 
along line I-I in the planar layout in FIG. 3, as in FIG. 1. In 
FIG. 5, the sections having the same identification numbers as 
FIGS. 1 and 2 represent the layers and the semiconductor 
regions formed by a similar process to the embodiment shown 
in these drawings. In this embodiment, a silicon nitride film 
13b is formed under the insulating interlayer 13a composed 
of the TEOS film (partly including a remaining SOG film 
during etching) between the reflecting electrode 14 and the 
light shielding layer 12 thereunder. Alternatively, a silicon 
nitride film 13b may be formed on the TEOS film 13a. The 
use of a configuration having an additional silicon nitride film 
inhibits penetration of water and thus improves moisture 
resistance. 

I0086. The thickness of the passivation film on the reflect 
ing electrode is similar to the embodiment shown in FIG. 1. 
0087 FIG. 16 shows another embodiment in accordance 
with the present invention. FIG. 16 is a cross-sectional view 
along line I-I in the planar layout in FIG. 3, as in FIG. 1. In 
FIG. 16, the sections having the same identification numbers 
as FIGS. 1 and 2 represent the layers and the semiconductor 
regions formed by a similar process to the embodiment shown 
in those drawings. In this embodiment, a silicon nitride film 
13b is formed on the insulating interlayer 13a composed of 
the TEOS film (partly including a remaining SOG film during 
etching) between the reflecting electrode 14 and the metal 
layer thereunder as the shielding layer 12. The silicon nitride 
film 13a can be planarized by a CMP process or the like. The 
formation of the silicon nitride film decreases openings in the 
silicon nitride section compared to the embodiment in FIG. 5, 
and prevents penetration of water, resulting in further 
improvement in moisture resistance. The space between the 
reflecting electrode and the adjacent electrode is formed of a 
protective insulating film 17 and the silicon nitride film 13b. 
Since the refractive index of the silicon nitride is 1.9 to 2.2 and 
higher than the refractive index 1.4 to 1.6 of the silicon oxide 
used in the protective insulating film 17, the incident light on 
the protective insulating film 17 from the liquid crystal side is 
reflected at the interface with the silicon nitride film 13b 
because of the difference of the refractive indices. Since the 
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light incident on the interlayer is decreased, unstable Voltage 
in the semiconductor region caused by carriers which are 
formed by light transmittance in the semiconductor region are 
prevented. 
0088. In this embodiment, the silicon nitride film 13b may 
beformed after planarization of the insulating interlayer 13a 
composed of the TEOS film by a CMP process or the like. In 
general, a film having a thickness of 8,000 to 12,000 ang 
stroms which corresponds to local steps must be deposited by, 
for example, a CMP process in order to offset the local steps. 
The silicon nitride film used in 13b generally causes a high 
stress on the lower film as its thickness increases. In this 
embodiment, since the insulating interlayer 13a is planarized 
by polishing by means of a CMP process and the silicon 
nitride film 13b is formed thereon, the thickness of the silicon 
nitride film 13b deposited by a CMP process or the like can be 
reduced, and thus the stress of the silicon nitride film 13b is 
reduced. Since the space between the reflecting electrode 14 
and the adjacent reflecting electrode is composed of the pro 
tective insulating film 17 and silicon nitride film 13b in this 
case, the light incident on the interlayer decreases, and 
unstable Voltage in the semiconductor region due to carriers 
formed by light transmittance in the semiconductor region is 
prevented. It is preferable in this embodiment that the thick 
ness of the silicon nitride be 2,000 to 5,000 angstroms. A 
thickness of 2,000 angstroms or more improves moisture 
resistance of the silicon nitride film 13b, whereas a thickness 
of 5,000 angstroms or less decreases the etching depth of the 
contact hole 16, permits ready etching and relaxes the stress 
on the lower film. 

0089. The thickness of the passivation film on the reflect 
ing electrode is the same as the embodiment in FIG. 1. 
0090 FIG. 6 is a planar layout of an entire liquid crystal 
panel substrate (reflection electrode substrate) in which the 
above-mentioned embodiment is applied. 
0091. As shown in FIG. 6, in this embodiment a light 
shielding film 25 is provided in order to shield the light 
incident on the peripheral circuits provided on the periphery 
of the substrate. The peripheral circuits are provided on the 
periphery of the pixel region 20 in which a matrix of the pixel 
electrodes is disposed, and include a data line driving circuit 
21 for Supplying image signals to the data line 7 in response 
to the image data, a gate line driving circuit 22 for sequen 
tially scanning gate lines 4, an input circuit for reading the 
image data from the outside through the pad region 26, and a 
timing control circuit 24 for controlling these circuits. These 
circuits are formed by combining active devices or Switching 
devices composed of MOSFETs formed by the same step as 
or a different step to the MOSFET for switching the pixel 
electrodes and loading devices, such as resistors and capaci 
tOrS. 

0092. In this embodiment, the light shielding film 25 is 
composed of the third metal layer which is formed by the 
same step as the pixel electrode 14 shown in FIG. 1 so as to 
apply a given Voltage, e.g. a power Voltage, the central Voltage 
V of the image signal or a common Voltage LC-COM. Appli 
cation of the given voltage to the light shielding film 25 can 
reduce reflection compared to a floating Voltage and other 
voltages. The light shielding film 25 may be in a floating 
Voltage (non-applied Voltage) state so that the light shielding 
film 25 will not apply a voltage to the liquid crystal 37. 
Reference numeral 26 represents a pad used for Supplying the 
power Voltage or a pad region provided with a terminal. 
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0093 FIG. 7 is a cross-sectional view of a reflection liquid 
crystal panel using the above-mentioned liquid crystal panel 
substrate 31. As shown in FIG. 7, a supporting substrate 32 
composed of glass or ceramic is bonded to the back Surface of 
the liquid crystal panel Substrate 31 with a bonding agent. A 
glass Substrate 35 at the incident side having a counter elec 
trode (common electrode) composed of a transparent elec 
trode (ITO) for applying a common voltage LC-COM is 
opposed to the front Surface of the liquid crystal panel Sub 
strate 31 at an adequate distance, and a well known TN 
(twisted nematic) liquid crystal or a SH (Super homeotropic) 
liquid crystal 37 in which the liquid crystal molecules are 
Substantially vertically aligned in a non-voltage applied State 
is encapsulated into a gap formed by sealing the periphery of 
the substrates with a sealing material 36 to form a liquid 
crystal panel 30. The position of the sealing material is deter 
mined so that the pad region 26 is present outside the sealing 
material 36. 
0094. The light shielding film 25 on the peripheral circuits 
face the counter electrode 33 through the liquid crystal 37. 
Since the LC common Voltage is applied to the counter elec 
trode 33 when the LC common voltage is applied to the light 
shielding film 25, no direct current voltages are applied to the 
liquid crystal disposed therebetween. As a result, liquid crys 
tal molecules are always twisted by approximately 90 degrees 
in the TN liquid crystal or always vertically aligned in the SH 
liquid crystal. 
0095. In this embodiment, since the liquid crystal panel 
substrate 31 composed of the semiconductor substrate is 
bonded to the Supporting Substrate 32 composed of glass or 
ceramic at the back Surface with a bonding agent, the strength 
is significantly enhanced. As a result, when these are bonded 
to the opposing Substrate after the Supporting Substrate 32 is 
bonded to the liquid crystal panel substrate 31, the gap of the 
liquid crystal layer is equalized over the entire panel. 
0096. The above description includes a configuration of a 
reflective liquid crystal panel Substrate using a semiconductor 
Substrate and a liquid crystal panel using the same. A con 
figuration of a reflective liquid crystal panel Substrate using 
an insulating substrate will now be described. 
0097 FIG. 17 is a cross-sectional view of a configuration 
of a pixel in a reflective liquid crystal panel substrate. FIG. 17 
is a cross-sectional view along line I-I in the planar layout in 
FIG. 3, as in FIG. 1. In this embodiment, a TFT is used as a 
transistor for switching pixels. In FIG. 17, the sections having 
the same identification numbers as FIGS. 1 and 2 represent 
the layers and the semiconductor regions having the same 
functions as in those drawings. Identification number 1 rep 
resents a quartz or non-alkaline glass Substrate, single-crys 
tal, polycrystalline or amorphous silicon film, regions 5a, 5b, 
5c and 8 are formed on the insulating Substrate, and insulating 
films 4b and 9b having a double layer structure composed of 
a silicon oxide film formed by thermal oxidation and a silicon 
nitride film formed thereon by a CVD process are formed on 
the silicon film. An N-type impurity is doped in the regions 
5a, 5b and 8 of the silicon film before the formation of the 
upper silicon nitride film among the insulating film 4b to form 
a source region 5a and a drain region 5b of the TFT and an 
electrode region 8 of the holding capacitor. A wiring layer 
composed of polysilicon or a metal silicide is formed as a gate 
electrode 4a of the TFT and the other electrode 9a of the 
holding capacitor is formed on the insulating film 4b. As 
described above, the TFT comprising the gate electrode 4a, 
the gate insulating film 4b, the channel 5c, the source 5a and 
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the drain 5b and the holding capacitor comprising the elec 
trodes 8 and 9 and the insulating film 9b are formed. 
0098. A first insulating interlayer 6 composed of silicon 
nitride or silicon oxide is formed on the wiring layers 4a and 
9a, and a source electrode 7a which is connected to the source 
region 5a through a contact hole formed in the insulating film 
6 is formed of a first metal layer composed of aluminum. A 
second insulating interlayer 13 having a double-layer struc 
ture composed of a silicon oxide film and a silicon nitride film 
is formed on the first metal layer. The second insulating 
interlayer 13 is planarized by a CMP process and a pixel 
electrode 14, as a reflection electrode, composed of alumi 
num is formed thereon corresponding to each pixel. The 
electrode region 8 of the silicon film is electrically connected 
to the pixel electrode 14 through a contact hole 16. Such a 
connection is achieved by embedding a connecting plug 15 
composed of a high melting point metal. Such as tungsten, as 
in FIG. 1. 
0099. As described above, since the reflecting electrode is 
formed above the TFT and holding capacitor formed on the 
insulating Substrate, the pixel electrode region is expanded 
and the holding capacitor has a large area below the reflecting 
electrode as in the planar layout in FIG. 3. A high aperture 
ratio (high reflectance) therefore can be achieved even in a 
high definition panel (having Smaller pixels) and an applied 
Voltage can be sufficiently retained in each pixel, resulting in 
stable driving. 
0100. A passivation film 17 composed of a silicon oxide 
film is formed on the reflecting electrode 14, as in the above 
mentioned embodiments. The thickness of the passivation 
film 17 is similar to that in those embodiments, and a reflec 
tive liquid crystal panel Substrate having a small variation of 
reflectance with the wavelength of the incident light can be 
obtained. A comprehensive configuration of the liquid crystal 
panel Substrate and a configuration of the liquid crystal panel 
are similar to those in FIGS. 6 and 7. 
0101. In FIG. 17, no insulating interlayer 11 and light 
shielding layer 12 are provided unlike FIG. 1. These layers 
can also be provided as in FIG. 1 in order to prevent leakage 
of the incident light from the gap to the adjacent pixel on the 
TFT. If incident light from the bottom of the substrate is 
anticipated, a light shielding layer may be provided under the 
silicon films 5a, 5b and 8. Although the drawing includes a 
top gate type in which the gate electrode is provided above the 
channel, a bottom gate type in which a gate electrode is 
previously formed and a silicon film as a channel is provided 
thereon through a gate insulating film is also available. Also a 
double layer structure composed of a silicon oxide film and a 
silicon nitride film in the peripheral circuit region as in FIG. 
4 can improve moisture resistance. 
0102 FIG.9 shows an example of electronic devices using 
the liquid crystal panels in accordance with the present inven 
tion, and is a planar schematic diagram of the main section of 
a projector (projection display device) using a reflective liq 
uid crystal panel in accordance with the present invention as 
a light valve. FIG. 9 is a cross-sectional view of an XZ plane 
which passes through the center of an optical element 130. 
This projector includes a light source 110 provided along the 
system light axis L (111 represents a lamp and 112 represents 
a reflector), an integrated lens 120, a polarizing device 130, a 
polarizing illuminator 100 including the polarizing device 
130, a polarized beam splitter 200 which reflects a S-polar 
ized light beam emerging from the polarizing illuminator 100 
by a S-polarized light beam reflecting face 201, a dichroic 
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mirror 412 which separates the blue (B) light component 
from the light reflected on the S-polarized light beam reflect 
ing face 201 of the polarized beam splitter 200, a reflective 
liquid crystal light valve 300B modulating the separated blue 
(B) light, a dichroic mirror 413 which separates ared (R) light 
component from the light beam not containing the blue light 
component, a reflective liquid crystal light valve 300R modu 
lating the separated red (R) light, a reflective liquid crystal 
light valve 300G modulating the residual green (G) light 
passed through the dichroic mirror 413, and a projection 
optical system 500 which includes a projection lens project 
ing a synthesized light on a screen 600 in which the modu 
lated light beams from the three reflection liquid crystal light 
valves 300R, 300G, and 300E are combined through the 
dichroic mirrors 412 and 413 and the polarized beam splitter 
200. These three reflective liquid crystal valves 300R, 300G 
and 300B are provided with the above-mentioned liquid crys 
tal panels, respectively. 
0103) The random polarized light beams emerging from 
the light source 110 are divided into a plurality of intermedi 
ate light beams by the integrated lens 120, converted to 
single-polarization light beams (S-polarized light beam) Sub 
stantially having a polarized light direction with the polariz 
ing device 130 which has a second integrated lens at the light 
incident side, and are incident on the polarized beam splitter 
200. The S-polarized light beams emerging from the polariz 
ing device 130 are reflected from the S-polarized light beam 
reflecting face 201 of the polarized beam splitter 200, the blue 
(B) light beam among the reflected light beams is reflected on 
the blue light reflecting layer of the dichroic mirror 412 and 
modulated by the reflection liquid crystal light valve 300B. 
The red (R) light beam among the light beams passed through 
the blue light reflecting layer of the dichroic mirror 412 is 
reflected on the red light reflecting layer of the dichroic mirror 
413 and modulated by the reflective liquid crystal light valve 
3OOR. 

0104 Further, the green (G) light beam passed through the 
red light reflecting layer of the dichroic mirror 413 is modu 
lated by the reflective liquid crystal light valve 300G. In such 
a manner, the color light beams modulated by the reflective 
liquid crystal light valves 300R, 300G and 300B are com 
bined by the dichroic mirrors 412 and 413 and the polarized 
beam splitter 200, and the combined light is projected through 
the projection optical system 500. 
0105. The reflective liquid crystal panel used in the reflec 
tive liquid crystal light valves 300R,300G and 300B contains 
a TN liquid crystal (longitudinal axes of liquid crystal mol 
ecules are Substantially aligned in the direction parallel to the 
panel Substrate when no voltage is applied) or a SH liquid 
crystal (longitudinal axes of liquid crystal molecules are Sub 
stantially aligned in the direction perpendicular to the panel 
Substrate when no voltage is applied). 
0106. When a TN liquid crystal is used, in a pixel (OFF 
pixel) in which a Voltage applied to the liquid crystal layer 
intervened between the reflecting electrode of the pixel and 
the common electrode of the opposing Substrate is lower than 
a threshold voltage, the incident color light is elliptically 
polarized in the liquid crystal layer, is reflected from the 
reflecting electrode and emerges from the liquid crystal layer 
in which the polarization axis of the emerging light is shifted 
by 90 degrees from the incident light and elliptically polar 
ized. On the other hand, in a pixel (ON pixel) in which a 
Voltage is applied to the liquid crystal layer, the incident color 
light reaches the reflective electrode without polarization, is 
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reflected and emerged, in which the emerging light has the 
same polarization axis as the incident light. Since the align 
ment angle of the liquid crystal molecule of the TN liquid 
crystal varies in response to the Voltage applied to the reflec 
tive electrode, the angle of the polarization axis of the 
reflected light in relation to the incident light varies in 
response to the voltage applied to the reflective electrode 
through the transistor in the pixel. 
0107. When a SH liquid crystal is used, in a pixel (OFF 
pixel) in which the Voltage applied to the liquid crystal layer 
is lower than a threshold voltage, the incident color light 
reaches the reflective electrode without polarization, is 
reflected and emerges, in which the emerging light has the 
same polarization axis as the incident light. On the other hand, 
in a pixel (ON pixel) in which a voltage is applied to the liquid 
crystallayer, the incident color light is elliptically polarized in 
the liquid crystal layer, reflected on the reflective electrode 
and emerges from the liquid crystal layer in which the polar 
ization axis of the emerging light is shifted by 90 degrees from 
the incident light and the emerging light is elliptically polar 
ized. Since the alignmentangle of the liquid crystal molecules 
of the SH liquid crystal varies in response to the voltage 
applied to the reflective electrode as in the TN liquid crystal, 
the angle of the polarization axis of the reflected light in 
relation to the incident light varies in response to the Voltage 
applied to the reflective electrode through the transistor in the 
pixel. 
0108. Among the color light beams reflected from pixels 
in these liquid crystal panels, the S-polarized light component 
does not pass through the polarized beam splitter 200 which 
reflects the S-polarized light and transmits P-polarized light. 
The light beams passed through the polarized beam splitter 
200 form an image. 
0109 The projected image is a normally-white display 
when a TN liquid crystal is used in the liquid crystal panel 
because the reflected light beams in OFF pixels reach the 
projection optical system 500 and the reflected light beams in 
ON pixels do not reach the lens, and a normally-black display 
when a SH liquid crystal is used because the reflected light 
beams in OFF pixels do not reach the projection optical 
system and the reflected light beams in ON pixels reach the 
projection optical system 500. 
0110 Since reflective liquid crystal panels permit larger 
pixel electrodes compared to transmission active matrix liq 
uid crystal panels, high reflectance is achieved, high density 
images can be projected at high contrast and projectors can be 
miniaturized. 
0111. As shown in FIG. 7, the peripheral circuit section of 
the liquid crystal panel is covered with the light shielding 
film, and the same Voltage (for example, the LC common 
Voltage; if the LC common Voltage is not used, the peripheral 
counter electrode is separated from the counter electrode in 
the pixel) is applied to the section and the counter electrode 
formed at the position in which the opposing Substrate is 
opposed. Almost zero volts is therefore applied to the liquid 
crystal intervened between them and the liquid crystal is the 
same as an OFF state. As a result, in the TN liquid crystal 
panel the periphery of the image region exhibits an entire 
white display in response to the normally-white display, 
whereas in the SH liquid crystal panel the periphery of the 
image region exhibits an entire black display in response to 
the normally-black display. 
0112 Further satisfactory results are obtained when the 
silicon oxide forming the passivation film of the light valve 

Jan. 20, 2011 

300R as the first reflective liquid crystal panel modulating red 
light separated by the polarized beam splitter 200 as a color 
separation means which separates the light from the light 
Source 110 into three primaries has a thickness in a range of 
1,300 to 1,900 angstroms, the silicon oxide forming the pas 
sivation film of the light valve 300G as the second reflective 
liquid crystal panel modulating green light has a thickness in 
a range of 1,200 to 1,600 angstroms, and the silicon oxide 
forming the passivation film of the light valve 300B as the 
third reflective liquid crystal panel modulating blue light has 
a thickness in a range of 900 to 1,200 angstroms. 
0113. In accordance with the above-mentioned embodi 
ment, a Voltage applied to each of pixels in the reflective 
liquid crystal panels 300R, 300G and 300B is sufficiently 
retained and the pixel electrode has a significantly high reflec 
tance, resulting in clear projected images. 
0114 FIG. 15 includes views illustrating appearances of 
electronic devices using the reflection liquid crystal panels in 
accordance with the present invention. In these electronic 
devices, the reflection liquid crystal panel is used as a direct 
viewing-type reflection liquid crystal panel, not as a light 
valve which is used together with a polarized beam splitter. 
The reflecting electrode must therefore not be a perfect mirror 
Surface and preferably has adequate unevenness. Other con 
figurations are basically the same as the light valve. 
0115 FIG. 15(a) is an isometric view of a portable tele 
phone. Identification number 1000 represents a portable tele 
phone main body, and identification number 1001 represents 
a liquid crystal display using a reflective liquid crystal panel 
in accordance with the present invention. 
0116 FIG. 15(b) shows a watch-type electronic device. 
Identification number 1100 is an isometric view of a watch 
main body. Identification number 1101 represents a liquid 
crystal display using a reflective liquid crystal panel in accor 
dance with the present invention. Since the liquid crystal 
panel has high definition pixels compared to conventional 
watch displays and is capable of displaying television images, 
a watch-type television can be achieved. 
0117 FIG. 15(c) shows a portable information processing 
unit, e.g. a word processor or a personal computer. Identifi 
cation number 1200 represents an information processing 
unit, identification number 1202 represents an input section 
such as a keyboard, identification number 1206 represents a 
display using a reflective liquid crystal panel in accordance 
with the present invention, and identification number 1204 
represents an information processing unit main body. Since 
these electronic devices are driven by batteries, the use of the 
reflective liquid crystal panel having no light source lamp can 
lengthen the battery life. Since the peripheral circuits can be 
stored in the panel Substrate, significant reduction of parts, 
and weight and size reduction can be achieved. 
0118. In the above-mentioned embodiments, although a 
TN type and a homeotropic alignment SH type are exempli 
fied as a liquid crystal of the liquid crystal panel, other types 
of liquid crystals are also available. 
0119. As described above, a reflective liquid crystal panel 
Substrate in accordance with the present invention is provided 
with a passivation film, and thus has improved reliability. The 
use of a silicon oxide film having a thickness of 500 to 2,000 
angstroms as the passivation reduces dependence of reflec 
tance of the pixel electrode on variation of the thickness. In 
particular, the silicon oxide film having a thickness of 500 to 
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2,000 angstroms exhibits slight dependence of the reflectance 
on the wavelength and thus can reduce variation of the reflec 
tance. 

0120. The thickness of the silicon oxide film as the passi 
Vation film is set to an adequate range in response to the 
wavelength of the incident light, e.g. 900 to 1,200 angstroms 
for a pixel electrode reflecting blue light, 1,200 to 1,600 
angstroms for a pixel electrode reflecting green light, and 
1,300 to 1,900 angstroms for a pixel electrode reflecting red 
light. Variation of the reflectance in each color can therefore 
be suppressed to 1% or less. As a result, reliability of the 
liquid crystal panel can be improved, and the image quality of 
a projection display device using the reflective liquid crystal 
panel as a light valve can be improved. 
0121 Since the thickness of the silicon oxide film as the 
passivation film is determined in response to the thickness of 
the alignment film formed thereon and the thickness of the 
alignment film is set to a range of 300 to 1,400 angstroms, 
variation of the refractive index of the liquid crystal can be 
effectively prevented. 
0122. In a reflective liquid crystal panel in which a pixel 
region comprising a matrix of pixel electrodes and peripheral 
circuits, such as a shift register and a control circuit, provided 
outside the pixel region are formed on the same Substrate, a 
passivation film composed of a silicon oxide film is formed 
above the pixel region and a passivation film composed of a 
silicon nitride film is formed above the peripheral circuits. 
The use of the silicon nitride film above the peripheral circuits 
further secures protection of the peripheral circuits and 
improves reliability. 
0123. A silicon nitride film is provided as an insulating 
interlayer between the reflective electrode and a metal layer 
thereunder instead of the passivation film above the reflective 
electrode or together with the passivation film composed of 
the silicon oxide film. The moisture resistance is therefore 
improved, a MOSFET for pixel switching and a holding 
capacitor can be prevented from corrosion due to water or the 
like. 
0.124. A monolithic protective structure in which a silicon 
nitride film is formed on a passivation film composed of a 
silicon oxide film is provided over the edge and side wall of a 
laminate of an insulating interlayer formed at the periphery of 
the pixel region and a metal layer shielding the periphery. The 
waterproof property at the edge of the liquid crystal panel in 
which water readily penetrates is therefore improved and 
durability is also improved due to its reinforcement effect. 
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What is claimed is: 
1. A liquid crystal panel Substrate, comprising: 
a pixel region including at least a reflecting electrode; 
a first Switching element corresponding to the reflecting 

electrode: 
a light shielding film located in the pixel region, the light 

shielding film interposed between the reflecting elec 
trode and the Switching element; 

a periphery region in the periphery of the pixel region; 
a second Switching element disposed in the periphery 

region; 
a first wire connected to one electrode of the second switch 

ing element; and 
a second wire connected to another electrode of the second 

Switching element, 
the first and second wires being formed in the same layer as 

the light shielding film. 
2. The liquid crystal panel Substrate according to claim 1, 

the first wire being connected to a constant Voltage and the 
second wire being connected to another device in the periph 
ery. 

3. The liquid crystal panel Substrate according to claim 1, 
the pixel region including a plurality of reflecting electrodes, 
and a plurality of Switching elements, each of which corre 
spond to a respective reflecting electrode. 

4. The liquid crystal panel Substrate according to claim 3, 
no reflecting electrodes and no switching elements corre 
sponding thereto being formed in the periphery region. 

5. A liquid crystal panel comprising: 
the liquid crystal panel substrate of claim 1: 
a transparent Substrate having a counter electrode and 

being opposed to the liquid crystal panel Substrate, the 
transparent Substrate being separated from the liquid 
crystal panel Substrate by a gap; and 

a liquid crystal material encapsulated in the gap between 
the liquid crystal panel Substrate and the transparent 
Substrate. 

6. An electronic device comprising the liquid crystal panel 
of claim 5 as a display section. 

7. A projection display device comprising: 
the electronic device of claim 6: 
a light source, the liquid crystal panel modulating light 

from the light Source: 
and a projection lens for projecting the light modulated by 

the liquid crystal panel. 
c c c c c 


