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[57] ABSTRACT 

A display apparatus comprises a ?rst substrate provided with 
a thin ?lm transistor array as a driving switching element 
and a second substrate provided with another electrode. and 
produces a display by electro-optical change generated 
between these substrates. Visibility of the display is 
improved in such a way that rays of light incident on the 
display apparatus are converted into diffusion light. Photo 
conductive material. in particular amorphous silicon, can be 
used by covering semiconductive portions of the thin ?lm 
transistor array of the display apparatus with an intercepting 
member. In a display apparatus using a thin film transistor 
array as a driving switching element, a conductive surface 
electrically insulated from gate lines on a substrate on where 
the gate lines for the thin ?lm transistor array are formed. 
such conductive surface acts as a counter electrode of 
capacitors for storing charge. Therefore the counter elec 
trode of capacitors is separately formed from gate lines. and 
writing driving voltage can be set without taking effects of 
voltage change of gate lines into consideration. Shading 
layers comprising a plurality of color ?lters also cover each 
of the thin ?lm transistors. 

123 Claims, 11 Drawing Sheets 
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DISPLAY PROCESS AND APPARATUS 
THEREOF INCORPORATING 

OVERLAPPING OF COLOR FILTERS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Sen No. 
08/421,515 ?led Apr 13, 1995, now abandoned, which is a 
reissue application of application Ser: No. 06/547,443, now 
U.S. Pat. No. 4,470, 667, issued Sep. 11, 1984, which appli 
cation is a continuation of application Ser. No. 246.161 ?led 
Mar. 23. 1981 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a display apparatus using 

a driving circuit substrate comprising a thin ?lm transistor 
array and. in particular. to a transistor array suitable for the 
purpose that amorphous silicon is used as a semiconductor. 

2. Description of the Prior Art 
There is disclosed a display apparatus using a thin ?lm 

transistor array as a driving switching element. for example. 
in (1.5. Pat. No. 3.824.003 and 3.840.695. and “IEEE 
Transactions on Electron Device” Vol. Ed-ZO. No. 11 
(November 1973). pp. 995-1001. etc. The display apparatus 
described in US. Pat. No. 3.824.003 is a display apparatus 
of the re?ection type. in which liquid crystal is used as 
display means. Drain electrodes becoming picture elements 
are made of metal of high re?ectivity such as Al and the like 
to act as a re?ective plate. 

The dynamic scattering effect has been conventionally 
employed to discriminate electro-optic change operating in 
such apparatus. There are recently used various liquid crys 
tal operating modes exhibiting a ?eld-effect. Examples of 
such relatively new modes are the twisted nematic mode 
(TN mode). the deformation of vertical aligned phases mode 
(DAP mode) using double refractionarity. the hybrid aligned 
mode (HAN mode). and the modi?ed modes in which the 
above-mentioned modes are accompanied by the Guest 
Host effect that the operation of the liquid crystal is readily 
discriminated in such a way that dichromic dyes are added 
in the liquid crystal. Such modes are disclosed in “Recent 
Display Apparatus” (Nippon Hoso Press Kyokai. 1974). In 
conventional apparatus. it is predicted that the above 
mentioned modes may be optionally selected. However. 
when the present inventors investigated the display e?iect of 
such ?eld-effect liquid crystals. they could not ?nd an 
operating mode in which a su?icient indication effect can be 
obtained. in the conventional structures. It was found that 
the cause of the above-mentioned fact is based upon using 
electrodes with metallic mirror surfaces. which are also 
drain electrodes. as electrodes for display elements. The 
drawbacks of the mirror surface structure include action of 
the surface as a mirror in a transparent light view ?eld upon 
view of the display. and therefore the optical change of the 
display is simultaneously seen with image of a background 
projected on the mirror surface. In other words. the back 
ground varies depending upon where the display apparatus 
is located. for example. The display surface is dark in the 
case of a dark background. However. the mirror surface 
structure results in formation of mirror images of light 
sources located on the ceiling or a face of an observer on the 
display surface. and therefore reading change of the display 
in sometimes di?icult. 

25 

30 

35 

45 

55 

65 

2 
On the other hand. there is known a display apparatus 

using the above-mentioned dynamic scattering effect and 
having a display structure capable of being seen easily. in 
displays using conventional mirror surface metals. In this 
display apparatus. a liquid crystal cell is transparent when 
voltage is not applied. but the liquid crystal assumes the 
scattering state upon application of a voltage. A display 
apparatus is used in which a black background is located in 
the normally re?ecting direction of the mirror surface of the 
display apparatus toward the viewing direction. In this 
display apparatus. rays of light incident on the display 
apparatus from surroundings. except for the normally 
re?ecting direction. is scattered by the display portions 
(liquid crystal cell) when voltage is applied so that an 
observer sees the scattering light. The observer sees the 
black background on transparent display portions when 
voltage is not applied. so that contrast between both portions 
is high. The primary drawback of the above-mentioned 
conventional structure is lack of reliability in comparison 
with the foregoing ?eld effect mode. since the dynamic 
scattering effect consumes slight electric current. Second. 
the display tends to become dark. since light is not incident 
from the background portion on account of the black back 
ground. Further. the display using the dynamic scattering 
e?'ect requires voltage higher than those of the foregoing 
other modes of the ?eld e?’ect type. 

In conventional display apparatus. a coating alone has 
been used on a portion of a semiconductor layer where a 
liquid crystal material contacts for the purpose of enhancing 
stability of a thin ?lm n'ansistor. and preventing undesirable 
electrochemical reaction between exposed portions of the 
liquid crystal material and the semiconductor layer. The 
materials which can be used for this purpose are calcium 
?uoride. a ?lm of silicon dioxide. and quartz. However. in 
case that amorphous silicon having excellent transistor char 
acteristics is used. such protective coating is functionally 
insu?icient to eliminate effects on photoconductive 
characteristics. and stable operation of the liquid crystal can 
not be attained. In case that the liquid crystal display is 
carried out by the ?eld effect. it is not required that the 
surface of a drain electrode to be a display element unit 
contact with the liquid crystal. On the contrary. it is desirable 
that the surface of the drain electrode be covered with a 
transparent insulating ?lm and for this reason the conven 
tional structure is undesirable. Further. it is required that the 
liquid crystal molecules in a liquid crystal cell of the ?eld 
effect type. be uniformly oriented. In other words. a treat 
ment is required for obtaining a uniform surface of the liquid 
crystal. In view of this treatment. the conventional display 
structure has not been satisfactory. 

For effecting display by using the conventional display 
apparatus. an electric ?eld is generated between a selected 
drain electrode (display electrode) and a counter electrode in 
such a way that an image signal is applied to a gate line with 
scanning. and with a driving voltage to a source line. In this 
case. the display is carried out in such a way that an 
electro-optical change of the liquid crystal is read by detect 
ing means such as a polarizing plate or the like. 
The display apparatus can be driven by a line-sequential 

system with a driving voltage sequentially supplied with 
scanning. When a time (frame time) displaying a frame is 
constant. address time becomes shorter for each image 
element with an increase in the number of gate lines. 
Accordingly. if enhancement in resolving power of a picture 
is designed by increasing the number of gate lines. scanning 
time can not be faster than the response time of the display 
means such as a liquid crystal or the like. Otherwise it 
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becomes impossible to carry out normal display. For pre 
venting such a situation. a display process is proposed in 
which a capacitor is connected in parallel to each picture 
element. the capacitor stores a driving signal charge in a 
speci?ed address period. and a driving voltage is continu 
ously applied to each picture element beyond the speci?ed 
address time. In such display structure. a gate electrode acts 
as a counter electrode to a drain electrode in the above 
mentioned capacitor. 

However. when a gate electrode is used as an opposite 
electrode of a capacitor. a bias voltage equal to a gate signal 
voltage is applied to the opposite electrode of the capacitor 
at the speci?ed address time. Consequently. a writing signal 
is required to be set on the basis of the gate voltage. 
However. when a transistor assumes the state of high resis 
tance by eliminating the gate voltage. the capacitor shows a 
voltage diiferent from the drain voltage applied upon writing 
thereby complicating the action of the apparatus. Such 
complicated action is disadvantageous and inconvenient for 
driving a display apparatus by an exact voltage operation. 
Especially. controlling is di?icult in the case of gradation 
display corresponding to applied voltage. 
A display apparatus similar to the above~mentioned dis 

play apparatus is described in “IEEE Trans. on Electron 
Device" Vol. ED-20. No. 11 (November 1973) pp 995-1001. 
This article shows a structure in which a counter electrode 
for a storage capacitor is connected with a neighboring gate 
line. 

In a display apparatus comprising the thus constructed 
display electrode substrate. a capacitor is constructed with a 
drain electrode and a conductive ?lm facing the drain 
electrode through an insulating layer. The capacitor is con 
nected to a gate line of a noted transistor and a neighboring 
gate line. Consequently. when the transistor is driven. gate 
voltage is alone applied to one gate line. and the other gate 
line is grounded. In the case of such driving process. a signal 
of a source line is applied to ground potential. Therefore. it 
becomes easy that an operating voltage of more than that of 
the apparatus disclosed in US. Pat. No. 3.824.003 is applied 
to a display medium. However. in this case. when a signal 
is applied to a gate line. the potential of a drain electrode 
changes depending upon the voltage condition of the gate 
line. so that there is the possibility that display is a?‘ected. 

In US. Pat. No. 3.840.695. there is disclosed a process 
effecting color display. in which color mosaic ?lters as 
shown in FIGS. 2(10) and 3(36) of the above-mentioned 
patent speci?cation are used as the above-mentioned switch 
ing elements for drive in a display apparatus using thin ?lm 
transistors. 

In the conventional apparatus. parts having optical func 
tions are assembled into a display apparatus. In such 
structure. there is a disadvantage that the number of steps 
increases since an independent step for preparing a ?lter is 
added to the conventional steps for preparing a display 
apparatus. When such ?lter is mounted on an external 
surface of a substrate of a display apparatus as shown in FIG. 
2(10) of the above-mentioned patent. the mosaic ?lter is 
separated from a display element portion generating an 
optical change between opposite substrates in an amount of 
the thickness of the substrate. Therefore. parallax is caused 
when the display is seen obliquely. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
display apparatus capable of eliminating various drawbacks 
of above-mentioned conventional display apparatus. 
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4 
It is another object of the present invention to provide a 

display process decreasing the viewing di?iculty in the case 
of using an electrode having a metallic mirror surface. and 
an apparatus for practicing the process. 

It is ftu‘ther object of the present invention to provide a 
display process capable of effecting a color display. and an 
apparatus thereof. 

It is still further object of the present invention to provide 
a display apparatus comprising a light diifusion plate having 
a function of protecting the surface of the display apparatus 
without a hood. 

It is still another object of the present invention to provide 
a display process in which an observer can set a light 
diffusion plate at any angle for obtaining desirable display 
effects. or view the display by removing the di?tusion plate 
in a situation where good scattering background exists. and 
an apparatus thereof. 

It is a still further object of the present invention to 
provide a display apparatus which comprises a thin film 
transistor array having an improved driving stability. 

It is a still further object of the present invention to 
provide a display apparatus capable of using amorphous 
silicon. 

It is still further object of the present invention to provide 
a display apparatus capable of effecting easily exact control 
of operating voltage without in?uence resulting from volt 
age of gate lines. and therefore providing a stable display. 

It is a still further object of the present invention to 
provide a display apparatus prepared easily. 

According to one aspect of the present invention. there is 
provided a display process implemented with a display 
apparatus using a transistor array as a driving switching 
element. characterized in that electro-optical change gener 
ated between an elecn'ode having metallic mirror surface 
and another transparent electrode is discriminated by scat 
tering light which is obtained by scattering rays of light 
incident on said display apparatus. 

According to another aspect of the present invention. 
there is provided a display apparatus characterized in that at 
least one polarizing plate is arrayed in a light path for 
observing electro-optical change of the display apparatus in 
which a liquid crystal dissolving dichrornic dye is sand 
wiched between electrodes provided by a transistor array 
and a counter electrode. and in that light incident on the 
display apparatus is diffusion light. 

According to a further aspect of the present invention. 
there is provided a display apparatus comprising a ?rst 
substrate provided with a thin ?lm transistor array; having 
plural electrodes. as a driving switching element and a 
second substrate provided with another electrode. Display is 
effected by electro-optical change generated between these 
substrates. 

According to still another aspect of the present invention. 
there is provided a display apparatus comprising a ?rst 
substrate provided with a thin ?lm transistor array having a 
plural number of electrodes and comprising a display ele 
ment unit and a second substrate provided with another 
electrode. and an electro-optical material sandwiched 
between the substrates. characterized in that color optical 
?lters are arranged relative to each electrode of said thin ?lm 
transistor. adjacent ?lters having di?erent spectral charac 
teristics from each other. and each of the adjacent ?lters 
overlapping at adjacent end thereof. 

According to a still further aspect of the present invention. 
there is provided a display apparatus using a thin film 
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transistor array as driving switching elements. characterized 
in that a conductive surface is formed electrically insulated 
from gate lines on a substrate on which said gate lines for 
said thin ?lm transistor array are formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a perspective view of an electrode covered 
with a thin-?lm transistor; 

FIG. 2 shows cross section of a display device utilizing 
the electrode covered with thin-?h'n transistor; 

FIGS. 3A. 3B and 3C illustrate the display devices of the 
present invention in cross section; 

FIG. 4 illustrates a perspective view of a display device of 
the present invention; 

FIG. 5 shows a cross section of a display device; 

FIG. 6 illustrates an alternate embodiment in cross sec 

tion; 
FIGS. 7A to 7H illustrate ?ow diagrams for preparation of 

a substrate composed of a thin-?lm transistor of the present 
invention; 

FIG. 8 illustrates still another embodiment of the present 
invention in cross section; 

FIG. 9A shows perspective view of an electrode covered 
with a thin-?lm transistor; 

FIG. 9B shows a plan of an electrode covered with 
thin-?lm transistor; 

FIG. 10 shows in cross-section of a display device having 
electrode covered with a thin-?lm transistor; 

FIG. 11 shows partial plan of an embodiment of the 
present invention; 

FIG. 12 shows a cross section of FIG. 11 

FIG. 13A shows a plan for an embodiment of disposition 
of organic colored ?lm; 

FIG. 13B shows partial cross-section of FIG. 13A; 
FIG. 13C shows partial cross-section of a display device 

composed of FIG. 13B above; 
FIG. 14 illustrates a circuit diagram of a display which is 

equivalent to the one shown on FIG. 2. 

FIG. 15 illustrates a plan of an alternate embodiment of an 
electrode substrate of a display; 

FIG. 16 shows a circuit diagram of a display equivalent to 
the one in which the electrode substrate of a display on FIG. 
15 is utilized; 

FIG. 17 shows perspective view of an electrode substrate 
of a display illustrated in an embodiment of the present 
invention; 

FIG. 18 shows a plan of the electrode substrate in FIG. 17; 
FIG. 19 illustrates a circuit diagram of a display in which 

the electrode substrate in FIG. 17 is utilized; and 
FIG. 20 shows a plan of another embodiment of an 

electrode substrate of a display. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a substrate in which thin ?lm transistors 
(hereinafter. "I‘FI"’) are disposed in a density of about 2-10 
lines/mm in a matrix on a substrate such as glass or the like 
forming a panel for a display. The TFI‘ comprise gate lines 
1a and la‘ (made of transparent or metallic thin conductive 
?lms) formed on the substrate S. a semiconductor 2 in a form 
of thin ?lm formed on the gate electrodes through an 
insulative ?lm I. source lines 3 and 3' (made of conductive 
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?lms formed in contact with the semiconductor) and drain 
electrodes 4. 4'. 4" and 4'" facing the source lines. which 
intersect at right angles to the gate lines. with a slight gap 
and the like. 

FIG. 2 shows a liquid crystal display apparatus con 
structed by an expanded sectional view taken along line AA‘ 
in FIG. 1 and a counter substrate. In FIG. 2. reference 
characters 7 and S represent substrates of glass. 4“ and 4'" 
the drain electrodes. 8 a counter electrode. Drain electrodes 
4" and 4"‘ are made of metallic thin ?lms such as Au. Al. Pd 
or the like. Electrode 8 is made of a transparent conductive 
?lm such as In2O3. SnO2. or the like. Numerals 1a and 1a‘. 
and 3 and 3‘ represent gate electrodes and source lines. 
respectively. These are made of metals such as Al. Au. Ag. 
Pt. Pd. Cu. or the like. Numeral 9 represents an insulating 
?lm which is utilized. if necessary. Reference character SC 
represents a semiconductor such as CdS. CdSe. and the like. 
Reference character P represents a protecting layer of cal 
cium ?uoride plus silicon dioxide or quartz Reference 
numeral 11 represents a liquid crystal layer. In display 
apparatus. various states of orientation of liquid crystal 
molecules. and various optical detecting means such as 
polarizing plate. N4 plate. re?ection plate or the like may be 
optionally selected depending upon a display mode selected. 
for example. dynamic scattering mode (DSM). twisted nem 
atic (TN) or the like or the type of apparatus. for example. 
a transparent type. a re?ection type or the like. 

The driving method is. in general. as described below. 
For example image signals are applied to gate lines 1a. 

1a‘. and driving voltages are applied to source lines 3. 3’ by 
scanning (only while a signal is applied to the gate line) and 
thereby. the channel between source 3. 3' and drain 4". 4'" 
becomes conductive at the selected intersection. And there is 
formed an electric ?eld between the drain electrode and the 
counter electrode 8 and arrangement of liquid crystal mol 
ecules in liquid crystal layer 11 changes to eifect display. In 
other words. the display apparatus can be driven by a 
line-sequential system. 
The dynamic scattering etfect has been conventionally 

employed to discriminate electro-optic change in such appa 
ratus. There are recently used various liquid crystal operat 
ing modes exhibiting a ?eld-etfect. Examples of such rela 
tively new modes are the twisted nematic mode (TN mode). 
the deformation of vertical aligned phase mode (DAP mode) 
using double refractionarity. the hybrid aligned mode (HAN 
mode). and the modi?ed modes in which any of the above 
mentioned modes are accompanied by Guest-Host e?'ect the 
operation of the liquid crystal is readily discriminated in 
such a way that dichromic dyes are added in the liquid 
crystal. Such modes are disclosed in “Recent Display Appa 
ratus” (Nippon Hoso Press Kyokai. 1974). 

FIG. 9A shows an embodiment in which TF1" are disposed 
in a density of about 2-10 lines/mm in a matrix on a 
substrate such as glass or the like forming a panel for a 
display. The TF1‘. comprise gate lines 1a and 1a‘ (made of 
transparent or metallic thin conductive ?lms) formed on the 
substrate S. semiconductors 2. 2'. 2" and 2"’ in a form of thin 
film formed on the gate electrodes 1. 1’. 1" and 1'" through 
an insulative ?lm I. source lines 3 and 3‘ (made of conduc 
tive ?lms) formed in contact with the semiconductor and 
drain electrodes 4. 4'. 4". and 4'" facing the source lines. 
which intersect at right angles to the gate lines. with a slight 
gap. FIG. 9B is a plan View from the direction of arrow B 
in FIG. A. and shows one portion of a matrix driving circuit. 

FIG. 10 shows a liquid crystal display apparatus con 
structed by an expanded sectional view taken along line AA‘ 
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in FIG. 9B assembled with a counter substrate. In FIG. 10. 
reference characters 7 and S represent substrates of glass. 4" 
and 4'" the drain electrodes. 8 a counter electrode. Electrodes 
4". 4'" and 8 are made of transparent conductive ?lms such 
as In23. SnO2. or the like. or metallic thin ?lms such as Au. 
Al. Pd. or the like. Numerals 1" and 1'". and 2" and 2'" 
represent gate electrodes and source lines. respectively. 
These are made of metals such as Al. Au. Ag. Pt. Pd. Cu. or 
the like. Numerals 5 and 5' represent insulating ?lms which 
are speci?cally formed along one of the gate lines 1a. 1a‘. 
Such forming is a speci?c embodiment. Numeral 9 repre 
sents an insulating ?hn which is used. if necessary. Source 
lines 2" and 2"‘ are semiconductors such as CdS. CdSe. Te. 
amorphous silicon. and the like. Numeral 10 represents a 
spacer and numeral 11 a liquid crystal layer. 
FIG. 14 shows an equivalent circuit of the apparatus 

shown in FIG. 2. In FIG. 14. reference characters T1 1. T12. 
T21. T22 etc. represent each transistor constructed with the 
above-mentioned thin ?lm structure. respectively. Reference 
characters LC“. LC“. LCM. LC22. etc. represent the dis 
play medium sandwiched between drain electrodes 4. 4'. 4". 
4'" etc. corresponding to transistors T1 1. T12. T21. T22 etc. 
respectively. and counter electrodes 8. Numeral 11 repre 
sents liquid crystal. Reference characters C 1 1. C12. C21. C22 
etc. represent capacitors for storage of driving signal charge. 
which are formed with gate lines 1a. 1a‘ etc. and drain lines 
4. 4'. 4". 4’" etc. 

FIG. 15 is a plan view illustrating a construction of a 
display electrode substrate used in a display apparatus 
according to the present invention. FIG. 16 shows an equiva 
lent circuit of a display apparatus constructed by using the 
display electrode substrate shown in FIG. 15. As shown in 
FIG. 15. the apparatus gate lines 1a and la40 are formed on 
a substrate (not shown in FIG. 15). and a conductive ?lm E 
is formed between gate lines la and 1a’. In transistors 
operating on gate line 1a’. conductive ?lm E is formed in a 
manner that most portion of conductive ?lm can be posi 
tioned under the surface of drain electrode of the transistor. 
and electrically connected with gate line 1a neighboring 
with gate line 1a’. An insulating layer (not shown in FIG. 15) 
is formed on gate lines 1a and 1a‘. and conductive ?lm E. 
and semiconductors 2 are formed on the insulating layer at 
desired positions above the gate lines 1a and 1a’. As shown 
in FIGS. 15 and 16. a source line 3 is formed on one end of 
semiconductor 2. and a drain electrode 4 on the other end of 
semiconductor 2 to form a thin ?lm transistor T1. For 
descriptive reason. only one transistor is shown in FIG. 15. 
However. in practice. plural transistors are formed in an 
array as the display electrode substrate shown in FIG. 1. 
Since the apparatus shown in FIG. 15 assumes that a display 
apparatus of a transmission type is formed. semiconductor 2 
is separately formed corresponding to each transistor so that 
semiconductor 2 is absent under drain electrode 4. However. 
the basic operation of a transistor array is substantially the 
same as that of the apparatus shown in FIG. 1. 
The process of the present invention is e?ective for 

improvement for viewing a display apparatus in which the 
display electrode substrate. in particular the drain electrode. 
is made of mirror surface metal such as Al. Au. Ag. Pt. Pd. 
Cu. or the like. 

FIGS. 3A. 3B and 3C are views illustrating embodiments 
according to the present invention. FIG. 3A is a sectional 
view of a portable apparatus with a display apparatus such 
as a portable electronic calculator. in which the present 
invention is applied Numeral 25 represents a frame body of 
an apparatus having the above-mentioned display apparatus 
41. that includes inside a circuit portion. a power source 
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portion. and the like for operating the apparatus. However. 
these portions are omitted in the ?gure. Numerals 20. 21. 22. 
23 and 24 represent buttons to operate the apparatus. 
Numeral 31 represents a light diffusion plate mounted on a 
background in a direction of normal re?ection of a viewer 42 
toward a mirror surface of display apparatus 41. Light 
diffusion plate 31 has an area at least larger than that of 
display apparatus 41 as shown in FIG. 4. A frame may be 
suitably mounted in a range larger than the area of display 
apparatus 41. One end of light diffusion transmission plate 
31 is mounted on the frame body by a rotary supporting axis 
32. Generally. a hinge may be used as the supporting axis. 
FIG. 3A. for example. represents a state that incident rays 33 
and 34 from a window are projected on light diffusion 
transmission plate 31. and rays scattered at the plate 31 are 
further projected on display portion 41. so that a viewer can 
discriminate the re?ected light corresponding to an electro 
optical change in the display apparatus 41 using liquid 
crystal. Additionally. for example. light in a room such as 
re?ected light from a ceiling is also projected on display 
apparatus 41 as scattered light by light diffusion transmis 
sion plate 31 in the same manner as described above. and 
reaches the viewer 42. Materials of light ditfusion transmis 
sion plate 31 are not especially restricted. representative 
examples being ?lms of crystalline polymers. frosted glass. 
coats supported on transparent supports. in which diffusable 
?ne powder is dispersed in a binder. plastic plates in which 
di?iusable ?ne power is blended. or the like. FIG. 3B shows 
a state that light diffusion transmission plate 31 of the 
present invention is closed on display apparatus 41 as a hood 
when the apparatus is not used. FIG. 3C shows a state that 
light diffusion transmission plate 31 is fully opened so that 
viewer 42 may read electro-optical change of display appa 
ratus 41 by incident rays 33' and 34’ through a window 35 
when display apparatus 41 is used at a place near frosted 
glass. 

FIG. 6 shows an embodiment that a tungsten lamp 3 of a 
?ne columnar form is arranged in the neighborhood of a 
supporting axis 32 of a diffusion plate. In this embodiment 
when lamp 36 illuminates one end surface of light diffusion 
transmission plate 31. the light di?usion transmission plate 
dilfuses light and constitutes a scattered secondary light 
source. This embodiment is effective in a dark place or at 
night. 
A display apparatus 41 may be constructed as shown in 

FIG. 5. 
FIG. 5 is a partial sectional view showing a concrete 

embodiment of a display apparatus 41. In FIG. 5. elements 
common with those of FIGS. 1 and 2 are represented by the 
same symbols. The display apparatus 41 is effective in case 
that CdS. CdSe. Te. or. in particularly. amorphous silicon is 
used. In the structure according to the present invention. a n+ 
layer is formed on a surface of semiconductors 2 in such a 
way that the semiconductors are in ohmic contact with 
source electrodes (3. 3‘ . . . ) and drain electrodes (4". 
4'" . . . ). This structure provides stable operation of the TF1" 
and uniform characteristics. And. for operating stability of 
display. insulating layer 9’ coats on a surface formed by a 
driving circuit portion of the semiconductor. drain 
electrodes. and source electrodes. The insulating layer func 
tions as a non-active layer for preventing contamination by 
impurities into the semiconductor portion. and electro 
chemical reaction caused by direct contact of drain elec 
trodes with liquid crystal. Further. the insulating layer func 
tions as base layer having uniform quality so as to orient 
uniformly liquid crystal on the base. SiO2. A1203. and SiN3 
may be preferably used as the material of the insulating layer 
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9'. and other metallic oxide. or ?uoride may be used. Further. 
in the present invention. an intercepting ?lm 10 coats on 
portions where light can be transmitted on the semiconduc 
tor portion for avoiding improper operation or unstable 
operation caused by photoconductivity of the semiconduc 
tor. Intercepting ?lm 10 can be formed with a ?lm of metals 
which can be easily formed. and with which patterning is 
easy. When the same metal as that for drain electrodes 4" and 
4’" is used as the metal to form intercepting ?lm 10. it is 
possible to obtain apparent continuity and optical unformity. 
In other words. when a ?lm of metal such as Au. Al. Pd. or 
the like is used for drain electrodes 4" and 4'". Au. Al or Pd 
to be same as the metallic ?lm can be selected as a metal of 
intercepting ?lm 10. 

There is another embodiment of the present invention. in 
which intercepting ?lm 10 is made of a metal di?’erent from 
that of display element electrodes 4" and 4'" in optical 
characteristics. for the purpose of color effect and enhancing 
contrast of display. In other words. when Al is used for 
display element electrodes 4" and 4"‘.Au or Cu may be used 
for intercepting ?lm 10. In a still another embodiment of the 
present invention. a ?lm containing organic dye or pigment 
can be used as intercepting ?lm 10. Such organic materials 
generally contain a large amount of impurity. However. 
using such materials. the present invention has a great 
advantage that affect to the semiconductor can be avoided by 
non-active layer of the base. Further. this embodiment has 
the great advantage that a non-displayed portion can be 
obtained as colored background. In other words. any colored 
background can be selected. and any color e?ect can be 
obtained in the display. In case that the non-displayed 
portion is black. there is an advantage that apparent enhance 
ment of contrast can be obtained by contrast between 
non-displayed and displayed portions. Organic dye or pig 
ment to be used for the non-displayed portion is not. in 
particularly. limited. Representative examples are as fol 
lows. 
As black materials: organic pigments such as diamond 

black (C.I. 50440). or the like. and dyes such as Cellitazol 
S'I'N (Disperse Black. CI. 11365. supplied by BASF). Latyl 
Diazoblack B (Disperse Black. CI. 11365 supplied by E. I. 
du Pont de Ncmours & Co.. Inc.). Cibacet Diazoblack B 
(Disperse Black. C.I. 11255. supplied by Ciba-Geigy Ltd.). 
Miketazol Black GF (C.I.. Disperse Black 28. supplied by 
Mitsui-Toatsu Chemicals Inc.). Kayacryl Black BD (C.I.. 
Basic Black 10(8). supplied by Nippon Kayaku Co.. Ltd). 
Suminol Fast Black BR. conc. (C.I.. Acid Black 3 l. supplied 
by Sumitomo Chemical Co.. Ltd). Diacelliton Fast Black T 
(Disperse Black 1. C.I.. 11365. supplied by Mitsubishi 
Chemical Industrial Co.. Ltd.). Miketazol Black 3GP (C.I.. 
Disperse Black 29. supplied by Mitsui-Toatsu Chemicals 
Inc.). Kayalon Diazo Black 2GF (C.I.. Disperse Black 29. 
supplied by Nippon Kayaku Co.. Ltd). Aizen Opal Black 
WGH (C.I.. Acid Black 52. supplied by Hodogaya Chemical 
Co.. Ltd), or the like. 

Liquid crystal showing a ?eld effect may be preferably 
used for the apparatus of the present invention. In the case 
of using such liquid crystal. the surface of a substrate is 
subjected to treatment for orientation. For this treatment. 
material uniformity and ?atness of surface material for the 
substrate are very important. In the present invention. such 
base for orientation can be obtained by selecting a suitable 
insulating layer 9‘. 

In general. silicon dioxide is a representative material of 
base layer for orientation. Other metal oxides to be optically 
transparent may be selected. Such metal oxides are alumi 
num oxide (A1203). titanium dioxide (TiO-z). SiO, and the 
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like. Halogenide such as MgF2 and CaF2. and Si2N3 may be 
used for the coating. Orientation treatment on such surface 
may be oppositionally selected from processes such as a 
process in which insulating layer 9' is formed by an oblique 
vacuum deposition process. a process in which treatment is 
carried out by using an agent for homeotropic or homoge 
neous orientation. a process in which treatment is carried out 
by combining the above-mentioned processes. and a process 
in which a base for orientation is obtained by rubbing in a 
constant direction. Such treatment is also carried out on the 
surface of counter insulating layer 9. Liquid crystal 11 is 
sandwiched between two substrates having surfaces for 
orientation separated at the periphery by a spacer. 
A still further etTect of the structure according to the 

present invention can be obtained in manufacturing steps. 
By reference to FIGS. 7A through 7H. manufacturing steps 
of a TFI‘ substrate according to the present invention will be 
described. 
The surface of a substrate S. such as glass. is cleaned and 

metal is deposited for forming gates. This metal is formed in 
plural stripes by a photolithography process. Numeral 1a’ of 
FIG. 7A shows a sectional view taken in a direction in which 
the stripes extend. Aluminum is a representative material of 
this electrode. In FIG. 713. an insulating layer is formed on 
a whole surface containing gate electrodes la‘ (la. la" . . . ). 
Sequently. semiconductor 2 is formed on the whole surface 
as shown in FIG. 7C. Further a n+ layer is formed as shown 
in FIG. 7D. Immediately thereafter. a metallic ?lm Me is 
formed on the whole surface as shown in FIG. 7E. Next. by 
etching the metallic ?lm and the 11+ layer in photolitho 
graphic process plural source electrodes 3. 3‘ . . . of stripes 
and plural drain electrode 4". 4"‘ . . . are formed in the 

direction perpendicularly intersecting the lower gate elec 
trodes as shown in FIG. 7F. Further. insulating layer 9' is 
formed on the whole surface as shown in FIG. 7G. Finally. 
intercepting members 10 are formed in a region except for 
the display element. 

Using amorphous silicon as a semiconductor. the present 
invention exhibits advantageous eifects. As is well known. 
affects of impurity should be mitigated in the manufacturing 
steps. In the manufacturing steps employed in the present 
invention. since steps described in FIGS. 7B through 7D. or 
7B through 7E are conducted steps continuously. the semi 
conductor can be formed in a vacuum vessel. A representa 
tive example is as described below. When an insulating layer 
is made of silicon nitride. semiconductor amorphous silicon. 
and an n+ layer amorphous silicon doped with phosphorus. 
arsenic. or the like. these materials can be continuously 
decomposed by glow discharged in one vacuum vessel. And 
a metallic ?lm to be formed on the above-mentioned layer 
can be formed by another vacuum decomposition process 
without being subjected to chemical and thermal processes. 
Such steps are very effective for keeping the surface of the 
semiconductor in an ideal state. Forming a non-active layer 
described with reference to FIG. 7G immediately after 
forming a pattern described with reference to FIG. 7F is 
effective for keeping stably the thus manufactured semicon 
ductor portion against chemical and thermal processes to be 
carried out after that. As already described. the non-active 
layer increases freedom of selecting material for an inter 
cepting member described as the step of FIG. 7H. and 
reduces the limitation of selecting a process in orientation 
treatment subsequent to the step described in FIG. 7H. The 
thus obtained circuit substrate for driving. in a display 
apparatus discriminating electro-optical change by light 
from the outside. shows extremely stable operation even 
when a semiconductor having high photoconductivity is 
used. 
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FIG. 8 shows a modi?ed embodiment of the present 
invention. In FIG. 8. elements common with those in FIG. 
5 are represented by the same symbols. Intercepting member 
12 can also be used as a spacer for keeping space between 
the counter substrates. The intercepting member is obtained 
by forming the above-mentioned metallic ?lm or pigment to 
the desired thickness as the spacer. This method is especially 
effective in case that very thin space of about 1-6 microns 
between counter substrates is uniformly kept on a large 
surface of several cm2 to several tens of cmz. This spacing 
between thin substrates of glass can be realized by such 
method. In a still further modi?ed embodiment of the 
present invention. intercepting member 12 can be made of a 
material such as resin containing dye. pigment. or light 
absorber having an intercepting property. In such case. such 
member can be easily prepared by a screen printing process. 
In a still further modi?ed embodiment of the present 
invention. an adhesive function is added to member 12. 

In case that resin having the intercepting function is one 
of the hot-melt adhesives. it is possible. in particular. that 
one electrode is made of plastic ?lm. In other words. a 
desired thickness at each display element portion can be kept 
by press-adhesion of one ?exible substrate at a circumarn 
bient non-display portion for the purpose of keeping con 
stantly a gap between counter substrates at small display 
element portions of several rum2 to several tenths of a mmz. 
When a thickness in each element portion is kept by such 
manner. it is possible to produce a display apparatus com 
prising a number of such elements and having a substantial. 
large area. Deformation resulting from waving motion of 
surfaces of the substrates can be mitigated Thermosetting 
resin can be used instead of the hot-melt adhesives. 
A circular dot pattern can be obtained by a still further 

modi?cation of the present invention. in which the area of 
intercepting member 12 is expanded to a part capable of 
display beyond a non—display portion to obtain a circular 
window on a display element. Display effects can also be 
enhanced by the intercepting member in any other form. 
The display apparatus of the present invention is of the 

mirror surface re?ection type. since display element elec 
trodes are made of metallic ?lm. Consequently. an optical 
arrangement is selected to make the display apparatus of the 
present invention easy to see. 
An embodiment of a display apparatus having mirror 

surface re?ecting structure is one having a scattering light 
source in a position of normal re?ection to a viewer. Both a 
liquid crystal of Np having positive dielectric anisotropy and 
a liquid crystal of Nn having negative dielectric anistropy 
can be used. However. these liquid crystals are operated by 
the ?eld effect in the present invention. In particularly. it is 
effective to use liquid crystal in which dichromic dye is 
added. 
A polarizing plate 6, for example. as shown in FIG. 5. is 

set on an outside of a substrate having a transparent elec 
node of a display cell constructed in the above-mentioned 
manner. It is not always required that polarizing plate 6 be 
set closely to upper substrate 7 of the display apparatus. 

In the present invention. polarizing plate 6 is arranged in 
such a way that the plate is laminated on the surface facing 
with display apparatus 41 of light diffusion transmission 
plate 31. However. it is generally effective that the plate be 
set on the outside of display apparatus 41. A linearly 
polarizing plate is generally used. A polarizing direction is 
set in such a way that optical change becomes maximal in 
the relation between the alignment direction of dichromic 
coloring matter and the alignment change resulting from 
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application of voltage. In other words. the maximum absorp 
tion state of the coloring matter is obtained when the 
direction of the major axis of the dichrornic coloring matter 
coincides with the direction of polarized light. Absorption 
becomes minimum when the direction of the major axis of 
the dichromic coloring matter is perpendicular to polarizing 
plate 6. Both combinations produce a change from light to 
dark and another change from dark to light corresponding to 
voltage applying and non-applying states and can be 
obtained by combination of types (Np or Nn) of liquid 
crystal to be used and an oriented direction in the voltage 
applying state. In both cases. these display apparatus exhibit 
strongly mirror surface re?ection in a light state. At this 
point. these display apparatus differ from the display appa 
ratus which exhibits dynamic scattering e?'ect. In a light 
state. the display apparatus of the present invention provides 
a light display surface by a light diffusing background 
resulting from light diffusion transmission plate 31. In a dark 
state. incident rays are projected into liquid crystal cells so 
that dye absorbs rays. and re?ected on a mirror surface to 
pass again the liquid crystal cells. In other words. incident 
rays are absorbed by liquid crystal cells on paths to and from 
a mirror surface. such that a strong dark state can be obtained 
to obtain high contrast resulting from the difference between 
dark and light. 

Examples and Comparative Examples of display opera 
tion were carried out by using the display apparatus shown 
in FIG. 3A. The examples and Comparative Examples will 
be described below. 

In the following Table. electro-optic modes were widely 
varied depending upon types of electro-optical change of the 
liquid crystal. Example 1 of the present invention is of 
TNGH mode (the twisted nematic mode (TN) accompanied 
by the Guest-Host effect (GH)). Dye D was added to a liquid 
crystal Np having positive dielectric anisotropy. The result 
ing liquid crystal was homogeneously oriented in the direc 
tion of an arrow of an upper substrate having a transparent 
electrode. and in the direction of an arrow of a lower 
substrate of a mirror surface re?ection electrode having TF1“ 
shown in FIG. 5 to obtain a liquid crystal cell. In the cell. the 
liquid crystal is oriented in a twist of about 90° between 
upper and lower substrates. A polarizing plate was mounted 
on the outside of the upper substrate of the resulting cell. and 
the display effect was observed in an optical arrangement 
(9=45°) shown in FIG. 3A. In the table. “light" and "dark” 
represent. respectively. the OFF state when voltage is not 
applied, and the ON state when voltage is applied to the 
display apparatus. The display effects obtained at this time 
are represented by 0 (excellent). X (bad). and A (good). 
respectively. 
The display e?iect was carried out by a sensual test which 

is determined by contrast and brightness of a display surface. 
In Example 2. dye was added to the liquid crystal. and the 
resulting liquid crystal was aligned in parallel between 
substrates. In Example 3. liquid crystal is oriented in a 
manner described below. The principal orientation of the 
liquid crystal is homeotropical. however the direction where 
the liquid crystal Nn having negative permittivity falls upon 
applying voltage is controlled by the subsidiary caused by 
rubbing the surface of the cell. Thus. the liquid crystal 
exhibits twisted orientation of about 90° upon applying 
voltage depending upon the principal and subsidiary orien 
tations. Example 4 is an operation mode in which Nn liquid 
crystal is homogeneously oriented upon applying voltage. 

Comparative Example 1 is same as Example 1 except that 
the light diffusion transmission plate and a polarizing plate 
are not used. Comparative Examples 2-4 are same as 
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Examples 2-4 except that the light diffusion transmission by BDH Company) are used under saturated voltage for 
plate and the polarizing plate are not used. respectively. photoelectrical properties in the following embodiments. 
Comparative Example 5 is an embodiment using dynamic 
scattering mode DS. In this case. a black absorber was used Dyes may be also selected. while it is basically required 
as the background of the normal re?ection. 5 that they have high solubilities in liquid crystals. high 
The liquid crystals used in [11¢ present invention may be contrast between colors used. good positional order in liquid 

selected within wide discretion. while EN-18 (a trade name crystals. high chemical stabilih'es and preferred color. Fol 
by Chisso Company) as Nn-liquid crystal. E-7 (trade name lowing illustrate preferred embodiments. 
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