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(57) ABSTRACT 

A reflection type liquid crystal display device having excel 
lent display capability even if the number of the photoli 
thography proceSS is reduced and a proceSS for producing 
the device. A process includes the steps of (a) forming a 
Source/drain wiring by using a first mask; (b) forming a thin 
film transistor region and gate wiring by using a Second 
mask; (c) forming an opening for a transistor, in a passiva 
tion film by using a third mask; (d) forming a rough Surface 
of the interlayer insulating film and to form an opening for 
the transistor by using a fourth mask by halftone exposure, 
and (e) forming a reflective metal which extend through the 
respective openings for the transistor in the passivation film 
and the interlayer insulating film So that it is electrically 
connected to the Source wiring by using a fifth mask. 

5, 

  



Patent Application Publication Jul. 14, 2005 Sheet 1 of 18 US 2005/0151892 A1 

FIG 

5, 

  



Patent Application Publication Jul. 14, 2005 Sheet 2 of 18 US 2005/0151892 A1 

  



Patent Application Publication Jul. 14, 2005 Sheet 3 of 18 US 2005/0151892 A1 

FIG. 3 
  



Patent Application Publication Jul. 14, 2005 Sheet 4 of 18 US 2005/0151892 A1 

FIG .. 4 
  



Jul. 14, 2005 Sheet 5 of 18 US 2005/0151892 A1 Patent Application Publication 

FIG .. 5 

• • • • • • 

+ 

· 

• • • • • • • • • }}%; 

  

  

  

  

  

  

  

  

  

    

  

    

  

  

  

  

  

  

  

  

  

  

  





Patent Application Publication Jul. 14, 2005 Sheet 7 of 18 US 2005/0151892 A1 

FIG. 7a 23 22 

in ea =z n 
O 

  



Patent Application Publication Jul. 14, 2005 Sheet 8 of 18 US 2005/0151892 A1 

FIG. 8a 24 

I —24 
1o 

FIG. 8b si 
4O 

  



Patent Application Publication Jul. 14, 2005 Sheet 9 of 18 US 2005/0151892 A1 

FIG - 9 

81 

', 
21 4-4- 92 

1 O 

  



Patent Application Publication Jul. 14, 2005 Sheet 10 of 18 US 2005/0151892 A1 

FIG. Oa 23 22 - 
------A- 

FIG. Ob s 
  



Patent Application Publication Jul. 14, 2005 Sheet 11 of 18 US 2005/0151892 A1 

FIG 

  



Patent Application Publication Jul. 14, 2005 Sheet 12 of 18 US 2005/0151892 A1 

FIG. 12 
  



US 2005/0151892 A1 Jul. 14, 2005 Sheet 13 of 18 Patent Application Publication 

FIG ... 3 
  



US 2005/0151892 A1 Patent Application Publication Jul. 14, 2005 Sheet 14 of 18 

FIG 14. 
  



Patent Application Publication Jul. 14, 2005 Sheet 15 of 18 US 2005/0151892 A1 

FIG 15 
R 

  



Patent Application Publication Jul. 14, 2005 Sheet 16 of 18 US 2005/0151892 A1 

FIG 
  



Patent Application Publication Jul. 14, 2005 Sheet 17 of 18 US 2005/0151892 A1 

F.G. 7a 4O 61 

3O 1 O 

FIG 7b 

E. 
-E E 

F.G. 17C 

  



Patent Application Publication Jul. 14, 2005 Sheet 18 of 18 US 2005/0151892 A1 

FIG. 18. PRIOR ART 

GATE BUS WRING AND GATE | 1 
ELECTRODE ARE FORMED 

GATE INSUAING FILM 

NAC AYER 
CONDUCTOR AYER s3 
ARE FORMED 

RCEEECRODE, DRAN 
EECRODE AND SOURCE BUS s4 

WRNG ARE FORMED 

NSUANG FILM 5 
S FORMED S 

CONTACT HOLE IS FORMED so 

PHOTOSENSTIVE ORGANIC , APPEED S FM ES 

CONVEX S FORVE s8 

REFLECON E ECHRODE 9 
S FORMED S 

  

  

  

  

    

    

  

  

    

  
  



US 2005/0151892 A1 

METHOD OF MAKING AREFLECTION TYPE 
LIQUID CRYSTAL DISPLAY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of co-pending appli 
cation Ser. No. 09/996,699, filed on Nov.30, 2001, the entire 
contents of which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a reflection type 
liquid crystal display device and a process for manufacturing 
the same and in particular to a reflection type liquid crystal 
display device having excellent display characteristics even 
if a number of photolithography process(PR process) in a 
production is reduced and a process for producing the 
device. 

BACKGROUND OF THE INVENTION 

0.003 Reflection liquid crystal display devices have been 
used for portable cellular phones or intelligent terminals. 
The reflection liquid crystal display devices do not require 
any back light used for a light Source Since an externally 
entered incident light is reflected by a reflector disposed 
within the device and a reflected light is used as a display 
illumination light. As a result, the reflection type liquid 
crystal display devices are more effective to achieve reduc 
tion in power consumption, thickness and weight as com 
pared with a transmitting type liquid crystal display device. 
0004. The structure of the reflection type liquid crystal 
display device mainly comprises a liquid crystal cell using 
TN (twisted nematic), one sheet polarization plate type, STN 
(Supertwisted nematic) type, GH (guest host) type, PDLC 
(polymer dispersion) type, cholesteric type; elements for 
Switching the liquid crystal cells and a reflector which is 
disposed internally or externally of the liquid crystal cell. 
0005 Such reflection type liquid crystal display devices 
can provide high definition and high quality images by 
adopting an active matrix drive System using thin film 
transistors or metal/dielectric film/metal Structure diodes as 
transistors. 

0006 Provision of a reflector having optimal reflection 
characteristics is effective to increase the Strength of light 
Scattered in a direction normal to the display Screen for light 
incident from a wide range of angles, So that brighter display 
can be obtained. 

SUMMARY OF THE DISCLOSURE 

0007. In a conventional technique, manufacturing of 
reflection type liquid crystal display device, which is 
capable of bright and high quality display image, requires 
formation of both high performance transistors and high 
performance reflection plate on the same dielectric Substrate. 
Accordingly, many film forming processes, photo-litho 
graphic (hereinafter termed in an abbreviated form as “PR”) 
and etching processes are necessary. 
0008. A conventional process for manufacturing a reflec 
tion plate to provide brighter display image has been pro 
posed which comprises covering a plate with an interlayer 
dielectric film, roughing the Surface of the interlayer dielec 
tric film and forming a reflection film made up of Silver and 
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the like on the rough surface of the film (refer to, for 
example, Japanese Patent Kokai Publication JP-A-10 
319422). A step in the process for manufacturing Such a 
reflection type liquid crystal display is now explained. FIG. 
18 is a flow chart illustrating a process for manufacturing an 
active matrix Substrate in a prior art exemplary reflection 
type liquid crystal display device. 
0009 Referring now to FIG. 18, the process for manu 
facturing the active matrix Substrate in the reflection type 
liquid crystal display device requires a total of 8 PR pro 
cesses, that is, one PR for forming a gate bus wiring and gate 
electrode at Step S1, one PR for forming a contact layer and 
Semiconductor layer at Step S3, one PR for forming a Source, 
drain electrodes and Source buS wiring at Step S4, one PR for 
forming contact holes at Step S6, one PR for applying a 
photoresist and its patterning, one PR for forming a convex 
at step s8, and one PR for forming a reflection electrode at 
step s9. The requirement of many number of PR processes 
provides a problem that the cost for manufacturing the 
reflection type liquid crystal display device is made higher, 
So that unit price is made higher. 
0010. It is demanded to provide of a reflection type liquid 
crystal display device having high brightness with a low 
cost, by reducing the number of PR proceSS Steps to reduce 
the manufacturing cost and by achieving high brightness and 
high quality display performance. 
0011. It is an object of the present invention to provide a 
reflection type liquid crystal display device having an excel 
lent display capability even if the number of the PR process 
StepS is reduced and a process for manufacturing the device. 
0012. In accordance with a first aspect of the present 
invention, a process for producing a reflection type liquid 
crystal display device comprises the Steps of (a) depositing 
a metal layer having a low resistance on an insulating 
Substrate to form Source/drain electrodes by using a first 
mask; (b) stacking a silicon layer, gate insulating film and 
gate electrode layer on Said insulating Substrate including 
the Source/drain electrodes in this order and using a Second 
mask to form a thin film transistor region and a gate 
electrode; (c) depositing a passivation film on the insulating 
Substrate including the Source/drain electrodes, the thin film 
transistor region and the gate electrode, and using a third 
mask to form an opening through the passivation film; (d) 
depositing an interlayer film on the passivation film and 
forming a rough Surface of the interlayer insulating film and 
using a fourth mask to form an opening in a position 
corresponding to the opening in the passivation film So that 
the openings extend through the interlayer insulating film; 
and (e) depositing a reflective metal over the rough Surface 
of Said interlayer insulating film to form, with using a fifth 
mask, a reflection electrode which extends through the 
respective openings for the transistor in the passivation film 
and the interlayer insulating film So that it is electrically 
connected to the Source electrode. 

0013 In accordance with a second aspect of the present 
invention, a process for producing a reflection type liquid 
crystal display device comprises the Steps of (a) depositing 
a metal layer having a low resistance on an insulating 
Substrate to form Source/drain electrodes by using a first 
mask; (b) stacking a silicon layer, gate insulating film and 
gate electrode layer on the insulating Substrate including the 
Source/drain electrodes in this order and using a Second 
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mask to form a thin film transistor region and gate electrode, 
(c) depositing a passivation film and an interlayer insulating 
film on the insulating Substrate including the Source/drain 
electrodes, the thin film transistor region and the gate wiring 
and using a third mask to form an opening, in position on the 
Source electrode So that the opening extends through the 
interlayer insulating film; (d) forming an opening extending 
through the passivation film in a position corresponding to 
the opening in the interlayer insulating film by using the 
interlayer insulating film as a mask; (e) depositing a reflec 
tive metal over the rough Surface of Said interlayer insulating 
film to form, by using a fifth mask, a reflection electrode 
which extends through the respective openings in the pas 
Sivation film and the interlayer insulating film So that the 
reflection electrode is electrically connected to the Source 
electrodes. 

0.014. In the process for producing a reflection type liquid 
crystal display device, it is preferable that the formation of 
the rough Surface of Said interlayer insulating film and the 
opening for the transistor is conducted by halftone exposure 
and two-times exposure. 

0.015. In the process for producing a reflection type liquid 
crystal display device, it is preferable that the formation of 
the rough Surface of Said interlayer insulating film and the 
opening for the transistor is conducted by using an exposure 
mask, the transmissivity of which is controlled. 

0016. In accordance with a third aspect of the present 
invention, the process for producing a reflection type liquid 
crystal display device is characterized in that a capacitor 
electrode is formed when Said Source/drain wiring is formed, 
in that Said gate wiring is formed on Said insulating Substrate 
including Said capacitor electrode when Said thin film tran 
Sistor region and Said gate wiring are formed; in that an 
opening for a storage capacitor extending through said 
interlayer insulating film and Said passivation film is formed 
in position on Said capacitor electrode when the openings for 
the transistor is formed through Said interlayer insulating 
film and Said passivation film; and in that Said reflection 
electrode extending through the openings for the Storage 
capacitance in Said passivation film and Said interlayer 
insulating film is formed So that it is electrically connected 
to Said capacitor electrode when Said reflection electrode is 
formed. 

0.017. In accordance with a fourth aspect of the present 
invention, the process for manufacturing a reflection type 
liquid crystal display device is characterized in that a 
Source/drain wiring for a protective circuit is formed when 
Said Source/drain wirings are formed; in that a protective 
electrode and protective wiring are formed when Said thin 
film transistor region and Said gate wiring are formed; in that 
Said passivation film and Said interlayer insulating film are 
formed on Said insulating Substrate including the Source/ 
drain wiring, Said protective electrode and Said protective 
wiring for Said protective circuit when Said passivation film 
and Said interlayer insulating film are formed; in that open 
ings for the protection circuit extending through Said passi 
Vation film and Said interlayer insulating film are formed in 
position on Said drain wiring when respective openings for 
the transistor of Said interlayer insulating film and Said 
passivation film are formed; and in that a first shortening 
wiring which extends through given opening for Said pro 
tective circuit for electrically connecting the Source/drain 
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wiring for said protective circuit to Said protective wiring is 
formed from Said reflective metal and a Second shortening 
wiring which extends through given opening for Said pro 
tective circuit for electrically connecting Said drain wiring to 
Said protective electrode is formed when Said reflection 
electrode is formed. 

0018. In the process for producing a reflection type liquid 
crystal, it is preferable that Said process further includes the 
Step of heat treating at least the rough Surface of Said 
interlayer insulating film prior to depositing Said reflective 
metal after the rough Surface of Said interlayer insulating 
film has been formed. 

0019. In the process for producing a reflection type liquid 
crystal display device, it is preferable that Said process 
further includes the Step of treating at least Said Source/drain 
wiring with PH prior to Successive deposition of Said 
Silicon layer, gate insulating film and gate electrode layer 
after Said Source/drain wiring has been formed. 

0020. In accordance with a fifth aspect of the present 
invention, the reflection type liquid crystal display device 
comprises a Source/drain wiring which is formed in position 
on an insulating Substrate; a thin film transistor region and 
gate wiring which are formed of a Stack in which a Silicon 
layer, a gate insulating film and a gate electrode metal layer 
are deposited in position on Said insulating Substrate includ 
ing Said Source/drain wiring in Such a manner that they are 
Stacked in this order as viewed in a direction Substantially 
normal to Said Substrate; a passivation film which is formed 
on Said insulating Substrate including Said Source/drain 
wiring, said thin film transistor region and Said gate wiring 
So that it has an opening for a transistor extending through 
Said Source wiring in position; an interlayer insulating film 
which is formed on Said passivation film and has a rough 
Surface and an opening for the transistor which is formed to 
extend through Said interlayer insulating film in position 
corresponding to the opening for the transistor of Said 
passivation film simultaneously with the formation of the 
rough Surface; and a reflection electrode which is formed on 
Said interlayer insulating film and has a roughness over the 
Surface of Said interlayer insulating film and extends through 
respective openings of Said passivation film and Said inter 
layer insulating film So that it is electrically connected to 
Said Source wiring. 

0021. In accordance with a sixth aspect of the present 
invention, the reflection type liquid crystal display device is 
characterized in that Said device comprises a capacitor 
electrode which is formed in position on an insulating 
Substrate Simultaneously with the formation of Said Source/ 
drain wiring, and a storage capacitor which is formed 
simultaneously with the formation of said thin film transistor 
from a Stack in which a silicon layer, gate insulating film and 
gate electrode metal layer are deposited in position on Said 
insulating Substrate including Said capacitor electrode So that 
they are Stacked in a direction normal to Said Substrate; in 
that Said passivation film is formed on Said insulating 
Substrate including Said Storage capacitance and has an 
opening for the Storage capacitance which is formed Simul 
taneously with the formation of the opening for the transistor 
in Said passivation film So that it extends through Said 
passivation film in position; in that Said interlayer insulating 
film has an opening for the Storage capacitance which is 
formed Simultaneously with the formation of Said rough 
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Surface So that it extends through said interlayer film; and in 
that Said reflection electrode extends through respective 
openings for the Storage capacitor in Said passivation film 
and Said interlayer insulating film So that it is electrically 
connected to Said capacitor electrode. 
0022. In accordance with a seventh aspect of the present 
invention, the reflection type liquid crystal display device is 
characterized in that Said device comprises a Source/drain 
wiring for the protective circuit which is formed in position 
on Said insulating Substrate Simultaneously with the forma 
tion of Said Source/drain wiring, and a protective electrode 
and protective wiring which are formed Simultaneously with 
the formation of Said thin film transistor region of a Stack in 
which a Silicon layer, gate insulating film and gate electrode 
metal layer are Successively deposited in position on Said 
insulating Substrate including a Source/drain wiring for Said 
protective circuit So that they are Stacked in a direction 
Substantially normal to Said Substrate; in that Said passiva 
tion film is formed on Said insulating Substrate including 
Said protective electrode and Said protective wiring and has 
an opening for the protective circuit which is formed Simul 
taneously with the formation of the opening for the transistor 
in Said passivation film and extends through said passivation 
film in position on Said drain wiring, Said Source/drain 
wiring of Said protective circuit, Said protective electrode 
and Said protective wiring; in that Said interlayer insulating 
film has an opening for the protective circuit which is 
formed Simultaneously with the formation of Said rough 
Surface in position corresponding to the opening for the 
protective circuit in Said passivation film So that it extends 
through Said interlayer insulating film; and in that Said 
device further includes a first Shortening wiring which is 
formed in position on Said interlayer insulating film Simul 
taneously with the formation of said reflection electrode and 
extends through respective openings for the protective cir 
cuit in Said passivation film and Said interlayer insulating 
film So that it is electrically connected to Said Source/drain 
wiring for said protective circuit and Said protective wiring; 
and a Second shortening wiring which is formed in position 
on Said interlayer insulating film Simultaneously with the 
formation of Said reflection electrode and extends through 
respective openings for the protective circuit in Said passi 
Vation film and Said interlayer insulating film So that it is 
electrically connected to Said drain wiring for Said protective 
circuit and Said protective electrode. 
0023. In the reflection type liquid crystal display device, 

it is preferable that Said Source/drain wiring, said capacitor 
electrode or Said Source/drain wiring for Said protective 
circuit is treated with PH. 
0024. In accordance with another aspect of the present 
invention, there is provided a process for producing an 
active matrix Substrate for use in a liquid crystal display 
device on which a reflector electrode formed on an insulat 
ing film has a contact to a Source electrode of a Switch 
transistor arranged on a croSS region of a gate bus line and 
a drain bus line, comprising the Steps of 
0.025 depositing a photo-sensitive insulating film 
adapted for an interface to Said reflector electrode on the 
Substrate having Said Switch transistor, Said drain bus line 
and Said gate bus line formed thereon, and 
0.026 forming a rough interface of said photo-sensitive 
layer and a contact hole penetrating through Said photo 
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Sensitive layer by using one of a halftone exposure method 
and two-times exposure method. 
0027. The process in accordance with another aspect of 
the present invention, further comprises the Steps of form 
ing a contact hole extending to Said Source electrode through 
an insulating film inserted between Said Substrate and Said 
photo-Sensitive layer by using Said photo-Sensitive layer as 
an etching mask. The process in accordance with another 
aspect of the present invention, further comprises the Steps 
of depositing a Silicon layer, an gate insulating film and a 
gate electrode layer on an insulating Substrate having a 
Source and drain electrode pattern formed thereon; 
0028 forming a pattern of a gate electrode and a gate bus 
line using a photolithography process and an etching process 
of the gate electrode layer, accompanied by Successive 
etchings of the gate insulating film and Silicon layer to form 
a Staggered Structure of Said Switch transistor. 
0029 Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
this art from the following detailed description in conjunc 
tion with the accompanying drawings wherein only the 
preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode 
contemplated of carrying out this invention. AS will be 
realized, the invention is capable of other and different 
embodiments, and its Several details are capable of modifi 
cations in various obvious respects, all without departing 
from the invention. Accordingly, the drawing and descrip 
tion are to be regarded as illustrative in nature, and not as 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a circuit diagram showing the active 
matrix Substrate in the reflection type liquid crystal display 
device of the embodiment 1 of the present invention, 
0031 FIG. 2 is a first top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 
0032 FIG. 3 is a second top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 
0033 FIG. 4 is a third top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 
0034 FIG. 5 is a fourth top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 
0035 FIG. 6 is a fifth top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 

0036 FIGS. 7a to 7e are sectional views each taken 
along the line A-A Schematically showing the process for 
manufacturing the transistors in active matrix Substrate in 
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the reflection type liquid crystal display device of the 
embodiment 1 of the present invention, 
0037 FIGS. 8a to 8e are sectional views each taken 
along the line B-B' Schematically showing the process for 
manufacturing the Storage capacitor of the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 1 of the present invention, 
0.038 FIG. 9 is circuit diagram showing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
0039 FIGS. 10a to 10fare sectional views each sche 
matically showing the proceSS for manufacturing the tran 
Sistors of the active matrix Substrate in the reflection type 
liquid crystal display device of the embodiment 2 of the 
present invention, 
0040 FIG. 11 is a first top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
0041 FIG. 12 is a second top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
0.042 FIG. 13 is a third top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
0.043 FIG. 14 is a fourth top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
0044 FIG. 15 is a fifth top plan view schematically 
showing the proceSS for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention, 
004.5 FIG. 16 is a sixth top plan view schematically 
showing the process for manufacturing the protective circuit 
in active matrix Substrate in the reflection type liquid crystal 
display device of the embodiment 2 of the present invention, 
0046 FIGS. 17a to 17e are sectional views each sche 
matically showing the process for the Surface treatment of 
the interlayer insulating film in the active matrix Substrate in 
the reflection type liquid crystal display device of the 
embodiment 2 of the present invention, and 
0047 FIG. 18 is a flow chart showing a process for 
manufacturing the active matrix Substrate in the prior art 
reflection type liquid crystal display device. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0048 Preferred embodiments of the invention will be 
now described. In accordance with one preferred embodi 
ment of the present invention, a process of making a 
reflection type liquid crystal display device comprises the 
Steps of: 
0049 (a) depositing a metal layer having a low resistance 
on an insulating Substrate (10) to form a Source/drain 
electrode (22.23) by using a first mask, 
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0050 (b) stacking a silicon layer (30), gate insulating 
film (40) and gate electrode layer (52) in this order on the 
insulating Substrate (10) having the Source/drain electrode 
formed to form a thin film transistor region and a gate 
electrode by using a Second mask, 
0051 (c) depositing a passivation film (61) on the insu 
lating Substrate including the Source/drain electrode, the thin 
film transistor region and the gate electrode to form an 
opening (63) for a transistor, in a predetermined position on 
the Source electrode (22) by using a third mask So that the 
opening penetrates through the passivation film; 

0.052 (d) depositing an interlayer film (62) on the passi 
vation film (61) to form a rough surface of the interlayer 
insulating film and to form an opening for the transistor in 
a position corresponding to the opening for the transistor in 
the passivation film by using a fourth film so that the 
opening penetrates through the interlayer insulating film 
(62); and 
0053 (e) depositing a reflective metal layer over the 
rough Surface of the interlayer insulating film (62) to form, 
by using a fifth mask, a reflection electrode (71) which 
penetrates through the respective openings for the transistor 
in the passivation film (61) and the interlayer insulating film 
(62) so that reflection electrode (71) is electrically connected 
to the Source electrode (22). 
0054 Accordingly, this manufacturing process requires 
only total 5 PR processes since the formation of the source/ 
drain electrode until the formation of the reflection elec 
trode. The number of the process StepS can be remarkably 
reduced in comparison with those in prior art manufacturing 
proceSS. 

0055. A process for manufacturing a reflection type liquid 
crystal display device comprises the Steps of: 

0056 (a) depositing a metal layer having a low resistance 
on an insulating Substrate (10) to form a Source/drain 
electrode (22.23) by using a first mask, 
0057 (b) stacking a silicon layer (30), gate insulating 
film (40) and gate electrode layer (52) in this order on said 
insulating Substrate (10) including said Source/drain elec 
trode to form a thin film transistor region and gate electrode 
by using a Second mask, 
0.058 (c) depositing a passivation film (61) and interlayer 
insulating film (62) on said insulating Substrate including 
Said Source/drain electrode, Said thin film transistor region 
and Said gate electrode to form, by using a third mask with 
a half tone exposure method, a rough Surface of Said 
interlayer insulating film (62) and an opening for a transistor, 
in a predetermined position on said Source electrode (22) So 
that the opening penetrates through Said interlayer insulating 
film (62); 
0059) (d) forming an opening (63) for the transistor 
penetrating through said passivation film (61) in a position 
corresponding to the opening for the transistor in Said 
interlayer insulating film by using Said interlayer insulating 
film (62) as a mask, 
0060 (e) depositing a reflective metal over the rough 
Surface of Said interlayer insulating film to form, by using a 
fifth mask, a reflection electrode (71) which extend through 
the respective openings for the transistor in Said passivation 
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film (61) and said interlayer insulating film (62) so that it is 
electrically connected to Said Source electrode. 
0061 Accordingly, the manufacturing process requires 
only total of four PR processes since the formation of the 
Source/drain electrode until the formation of the reflection 
electrode. The number of PR process steps can be further 
reduced. 

0.062. It is possible to simultaneously form the capacitor 
electrode and protective circuit without increasing the num 
ber of PR process steps. 

0.063 Embodiments of the present invention will be 
described with reference to the drawings. FIG. 1 is a 
Schematic diagram of an active matrix Substrate of a reflec 
tion type liquid crystal display device of the first embodi 
ment of the present invention. FIGS. 2 to 6 are top plan 
Views each Schematically showing a layout in a proceSS for 
manufacturing an active matrix Substrate in the reflection 
type liquid crystal display device of the first embodiment of 
the present invention with only one pixel being illustrated. 
FIG. 7a to 7e are cross sectional views taken along the line 
A-A in FIGS. 2 to 6 schematically showing the process for 
manufacturing transistors of the active matrix Substrate in 
the reflection type liquid crystal display device of the first 
embodiment of the present invention. FIGS. 8a to 8e are 
cross sectional views taken along the line B-B' of FIGS. 2 to 
6 Schematically showing a step for manufacturing a Storage 
capacitor unit of the active matrix Substrate in the reflection 
type liquid crystal display device of the first embodiment of 
the present invention. 

0064. The active matrix substrate in accordance with the 
first embodiment is a substrate for the reflection type liquid 
crystal display device in which the liquid crystal is driven by 
a reflection electrode provided on the active matrix Substrate 
and a transparent electrode provided on a Substrate opposite 
to the active matrix Substrate. The active matrix Substrate 
comprises Staggered structure thin film transistors (TFT) 
(top gate type). 

0065. As shown in circuit diagram of FIG. 1, the active 
matrix Substrate 1 comprises a plurality of gate bus lines 51 
and a plurality of drain bus lines 21 which interSect to each 
other on the insulating Substrate 10, a plurality of transistors 
which are disposed at the interSections of the bus lines, and 
a reflection electrode (not shown). The plurality of gate bus 
lines 51 and drain bus lines 21 are terminated at the 
periphery of the insulating Substrate 10 and are provided 
with gate terminals 53 and drain terminals 25, respectively 
to which drive signals are Supplied externally of the Sub 
Strate. A common potential Supply terminal 91 is formed at 
a corner of the insulating Substrate 10. The common poten 
tial Supply terminal 91 is configured to Supply a common 
potential to a common electrode 92 on an opposite Substrate 
(not shown) which is opposite to the active matrix Substrate 
1 for sandwiching a liquid crystal 81 therebetween. A 
Storage capacitor 3 is formed between each of transistors 2 
and the adjacent gate bus line 51 for keeping the potential 
Stored in the pixel constant for a period of one frame. 

0.066 As shown in FIG. 7, the structure of the transistor 
of the active matrix Substrate in this embodiment comprises 
Source/drain electrodes 22 and 23 which are located on the 
insulating Substrate 10, and a laminate Structure which is 
made up of a Silicon layer 30 which functions as an active 
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layer, a gate insulating film 40 and a gate electrode 52, 
covering opposing Sides of the Source/drain electrodes 22 
and 23 and the insulating substrate 10 located between the 
opposing Source/drain electrodes 22 and 23 in Such a manner 
that they are Stacked. A passivation film 61 covers over the 
insulating Substrate 10 including the transistor 2 which is 
formed of the Source/drain electrodes 22 and 23, Silicon 
layer 30, gate insulating film 40 and the gate electrode 52. 
An inter-layer dielectricS 62 having a rough Surface is 
formed on the passivation layer 61. A contact hole 63 is 
formed in a position on the Source electrode 22 to penetrate 
through the passivation film 61 and the inter-layer dielectrics 
film 62. A reflection electrode 71 is formed on the inter-layer 
dielectrics film 62. The reflection electrode 71 which is 
formed through the contact hole 63 to reach the source 
electrode 22 is electrically connected to the Source electrode 
22. The gate electrode 52 in the Stack Structure made up of 
the silicon layer 30, the gate insulating film 40 and the gate 
electrode corresponds to the gate bus line 51 and the gate 
electrode 52 in FIG. 3. The drain electrode 23 corresponds 
to the drain bus line 21 in FIGS. 2 and 3. 

0067. Now, a process for manufacturing the active matrix 
Substrate in the reflection type liquid crystal display device 
will be described with reference to FIGS. 2 and 8. 

0068. As shown in FIGS. 2, 7a and 8a, a source/drain 
electrode layer made up of a metal having a low resistance 
(high conductivity) such as Cr, Mo, Ta with a thickness of 
about 150 nm (1500 Angstrom) is deposited on the insulat 
ing Substrate made up of SiO2 and the like. The Source/drain 
electrodes 22 and 23 including the drain bus line 21 and a 
capacitor electrode 24 which is separated therefrom are 
formed to their respective layout patterns by a PR and 
etching process. The Source/drain electrode layer can be 
formed by depositing a Cr film, using for example a Sput 
tering process under conditions of temperature of 150 C.; 
pressure of 0.3 Pa and power of 7 kW by Supplying Argas 
at a flow rate of 100 Sccm. Pattern formation of the Source/ 
drain electrodes and the like can be achieved by etching the 
Cr film with a solution containing 5% of ceric nitrate and 
20% of nitric acid at 40 C. for 100 seconds by using a wet 
etching process. 

0069. After the formation of the source/drain electrodes 
22 and 23, the source/drain electrodes 22 and 23 are pref 
erably treated with PH (not shown). PH processing of 
these electrodes can be performed for example by using a 
plasma CVD process under conditions of RF power of 50 W, 
pressure of 150 Pa, temperature of 250 C. for 60 seconds by 
supplying PH gas at a flow rate of 1000 sccm. The pro 
cessing with PH causes phosphorus to be selectively depos 
ited on the Source/drain electrodes. When a film of a-Si is 
Subsequently formed, a film of na-Si is formed at the 
metal/a-Si interface, resulting in that an excellent connection 
is obtained and the resistance at the metal/a-Si interface is 
reduced. 

0070 The silicon layer 30 of a-Si (amorphous Silicon) or 
the like having a thickness of about 30 nm (300 Angstrom) 
is formed on the insulating Substrate 10 to cover the source/ 
drain electrodes 22 and 23 (including the drain bus line 21 
and capacitor electrode 24) as shown in FIGS. 3, 7b and 8b. 
Then, the gate insulating film 40 preferably made up of SiN 
or SiO, and the like having a thickness of about 50 nm (500 
Angstrom) is formed on the silicon layer 30. Then, the gate 
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electrode layer 52 preferably made up of a metal Such as Cr, 
Mo, and Ta is formed on the gate insulating film 40. The 
Stack structure (including the gate bus line 51) in which the 
Silicon layer 30, gate insulating film 40 and the gate elec 
trode 52 are Successively deposited is formed by etching 
away the Silicon layer, gate insulating film and gate electrode 
layer in undesired areas by a PR proceSS and etching 
process. The PH processing and formation of the Silicon 
layer and the gate insulating film are Successively conducted 
in this order. The formation of the Silicon layer and gate 
insulating film are Sequentially conducted in this order. The 
formation of the gate insulating film 40 Successive to the 
formation of the Silicon thin film provides an advantage over 
an inverted Staggered Structure TFT in which etching is 
conducted immediately after the formation of the silicon 
layer 30 in that the silicon layer 30 can be prevented from 
being contaminated. Such a continuous etching requires 
only one PR process to form the Stack Structure comprising 
the silicon layer 30, gate insulating film 40 and the gate 
electrode layer 52, resulting in the Simplification of the 
manufacturing process. 
0071. The deposition of a-Silayer may be conducted by 
using for example, a plasma CVD method, under conditions 
of RF power of 50 W, pressure of 100 Pa, and temperature 
of 250 C. with supplying SiH and Higases at a flow rate 
of 300 and 800 sccm, respectively. 
0.072 The deposition of SiN layer as the gate insulating 
film may be conducted by using for example a plasma CVD 
method under conditions of RF power of 500W, pressure of 
200 Pa and temperature of 250C with Supplying SiH, NH 
and N gases at a flow rate of 30, 80 and 850 sccm, 
respectively. 
0073. The film of the gate electrode layer can be formed 
by depositing a metal layer of Cr by using for example a 
sputtering process under conditions of RF power of 7 kW, 
pressure of 0.3 Pa and temperature of 150° C. with Supplying 
Argas at a flow rate of 100 Scem using. 
0.074 The pattern formation of the gate electrode can be 
conducted by using for example a wet etching method in 
which the Cr film undergoes etching in a solution with 5% 
of ceric nitrate, and 20% of nitric acid at 40 C. 
0075. The pattern formation of the gate insulating film in 
the Stack Structure can be conducted by using for example a 
dry etching method in which the SiN layer undergoes 
etching with SF and He gases being Supplied at a flow rate 
of 50 and 150 sccm, respectively under conditions of RF 
power of 1200 W and pressure of 30 Pa for 500 seconds. 
0.076 The pattern formation of the silicon layer in the 
Stack Structure can be conducted by using for example a dry 
etching method in which the a-Si layer is processed with 
SF, He and HCl gases supplied at a flow rate of 200, 300 
and 200 sccm under condition of RF power of 850 W and 
pressure of 30 Pa for 10 seconds. 
0077 Subsequently, as shown in FIGS. 4, 7c and 8c, the 
passivation film 61 of SiN, etc. having a thickness of about 
250 nm (2500 Angstrom) is deposited on the insulating 
Substrate 10 So that it covers the transistor 2, drain bus line 
21 and gate bus line 51. Then, the contact holes 63 and 64 
which penetrate through the passivation film 61, are formed 
by a photolithography and etching proceSS in positions on 
the Source electrode 22 and capacitor electrode 24, respec 
tively. 
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0078. The deposition of the passivation film can be 
conducted by using for example a plasma CVD method 
under conditions of RF power of 1200 W, pressure of 180 
Pa, and temperature of 250° C. by supplying SiH, NH and 
He gases at a flow rate of 200, 1000 and 1000 sccm, 
respectively. 

0079 The contact holes in the passivation film can be 
formed for example using a dry etching method in which the 
SiN layer is processed under conditions RF power of 1200 
W and pressure of 7 Pa for 1000 seconds with supplying SF 
and He gases at a flow rate of 50 and 150 sccm, respectively. 
Although the composition of the gate insulating film is 
identical with that of the passivation film for the sake of 
convenience of a process control and practice, they may be 
different to each other depending upon the required charac 
teristics if necessary. 
0080 Subsequently, as shown in FIGS. 5, 7d and 8d, the 
inter-layer dielectricS 62 of organic materials Such a photo 
Sensitive acrylic resin and polyimide resin having a thick 
ness of about 3 um (maximum thickness) is deposited on the 
passivation film 61. The inter-layer dielectrics 62 is roughed 
on its Surface and the contact holes 63 and 64 which 
penetrate through the inter-layer dielectricS 62 are formed in 
positions on the Source electrode 22 and capacitor electrode 
24 by for example a photolithography and etching proceSS 
using half tone exposure and two-times exposure. 
0081. The inter-layer dielectrics film can be formed by 
spin-coating the Substrate with the photosensitive acrylic 
resin (339L manufactured by JSR Co., Ltd.) at 500 rp.m., 
pre-baking the substrate at 90° C. for 240 seconds and 
thereafter exposing it to light at a Scan Speed of 15 mm/sec 
with an exposing apparatus (MPA3000W manufactured by 
Cannon Co., Ltd.). 
0082 The rough surface of the inter-layer dielectrics and 
the contact holes can be formed by treating the Substrate 
under conditions of 0.2% of TMAH, and temperature of 25 
C. for 100 seconds by a half-tone exposure method in which 
an exposure mask, the transmissivity of light of which is 
controlled is used. The exposure mask is preferably formed 
of amorphous Silicon (having an optical band gap of 1.8 eV), 
the light transmissivity of which is changed depending upon 
the thickness. The amorphous silicon film can be formed by 
the deposition of a Silicon film having a thickness of 0.15 um 
on a glass Substrate Serving as a mask Substrate using a 
plasma chemical vapor deposition (PECVD) method) and 
then patterning of the deposited Silicon film to a desired 
pattern by a photolithography and etching process. The 
transmissivity of the amorphous Silicon for light having a 
wavelength of 436 nm can be controlled in the range of 100 
to about 0.1% by changing the film thickness in the range of 
0.1 to 1.5 lim. The mask may be configured So that it has a 
desired concave or conveX to be formed on the Surface of the 
reflection plate, the pitch of 2 to 30 lum, the form of circular 
and the cross-section having an inclination angle of 30 
degrees or leSS. 
0083. On formation of the rough surface of the inter-layer 
dielectricS film and contact holes by using a two-times 
exposure method, a first exposure to light is conducted by 
using a first mask at Such an exposing rate So that a half of 
the photo-Sensitive film can be removed and a Second 
exposure is conducted using a Second mask at the same 
exposing rate. A portion of the film, which is Subjected to 
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both the first and Second exposure, is completely removed 
and a half of the thickness is removed in a portion, which is 
Subjected to either of the first or Second exposure. In Such a 
manner, a residual film having a step form can be obtained. 
0084. If the inter-layer dielectrics film is formed from 
acrylic resin, it is preferable to make the rough Surface 
smooth by conducting a heat treatment at 220 C. for one 
hour after the formation of the rough surface. The inter-layer 
dielectrics film may be formed by any methods, and the 
method having a minimum number of Steps is preferable 
adopted for the economy of process. 

0085) Subsequently, as shown in FIGS. 6, 7e and 8e, a 
reflection electrode layer of a highly reflective material Such 
as Al, Ag having a thickness of about 300 nm (3000 
Angstrom) measured from the rough Surface of the inter 
layer insulating film 62 is deposited on the inter-layer 
dielectrics 62 so that it extends through the contact holes 63 
and 64 and is connected to the drain electrode 23 and the 
capacitor electrode 24 and the reflection electrode 71 is 
pattern-formed by using a photolithography and etching 
processes. The reflection electrode 71 is formed at least in an 
aperture (opening) of the liquid crystal panel. This reflection 
electrode 71 may be formed so that it is partially overlapped 
at its periphery on the transistor 2, gate bus line 51 and drain 
bus line 21. With the steps mentioned above, the active 
matrix Substrate is made. 

0.086 The reflection electrode layer can be formed with a 
depositing of an Al layer by using for example a Sputtering 
process with conditions of temperature of 200 C., pressure 
of 0.3 Pa and power of 5 kW, Supplying Argas at a flow rate 
of 100 Sccm. 

0087. The pattern formation of the reflection electrode 
can be performed by using for example a wet etching 
proceSS in which the Al film is processed with a Solution 
containing 79% of phosphoric acid and 0.5% of Sulfuric acid 
at 40° C. for 60 seconds. 

0088 Finally after the opposite substrate equipped with a 
transparent electrode and a color filter, and the active matrix 
Substrate are formed with orientation films, respectively, the 
active matrix Substrate is panel-aligned with the opposite 
substrate and a liquid crystal film is formed by filling the 
Space therebetween with a liquid crystal material. Thus, the 
reflection type liquid crystal display device (not shown) is 
produced. 

0089. A second embodiment of the present invention will 
be described with reference to the drawings. FIG. 9 is a 
circuit diagram showing the active matrix Substrate in the 
reflection type liquid crystal display device of the Second 
embodiment of the present invention. FIG. 10 is a sectional 
View Schematically showing a process for producing a 
transistor in the active matrix Substrate in the reflection type 
liquid crystal display device of the Second embodiment 2 of 
the present invention. FIGS. 11 to 16 are top plan views 
Schematically showing a layout pattern for producing a 
protective circuit for the active matrix Substrate in the 
reflection type liquid crystal display device of the embodi 
ment 2 of the present invention. FIG. 17 is a sectional view 
Schematically showing a process for the treatment of the 
Surface of the interlayer insulating film of the active matrix 
Substrate in the reflection type liquid crystal display device 
of the embodiment 2 of the present invention. In the active 
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matrix Substrate used for the reflection type liquid crystal 
display device, the Storage capacitor shown in FIG. 1 is 
omitted and a protective circuit (protective element 4, pro 
tective terminal 56 and protective bus line 54) is provided. 
The structure of the transistor 2 is identical with that of the 
above described first embodiment. The process for forming 
contact holes is different from that in the first embodiment. 
The protective circuit is adapted to release an external 
excessive current due to electroStatic charges to a protective 
bus line 54 by turning on the protective element 4 so that the 
inner elements related with display are prevented from being 
damaged when excessive current is input thereto. 
0090 Now, a method for producing the transistor of the 
active matrix Substrate in the reflection type liquid crystal 
display device of the second embodiment will be described 
with reference to FIGS. 10 to 17. 

0091. As shown in FIG. 10a and FIG. 11, the source/ 
drain electrodes 22, 23 (including drain bus line 21) and 
Source/drain wiring 26 for the protective circuit are formed 
on the insulating substrate 10 of SiO2 as is the case with the 
first embodiment. It is preferable to form a phosphorus film 
(not shown) on the Surface of the Source/drain electrodes and 
the like by conducting PH processing after the formation of 
the Source/drain electrode. The capacitor electrode is formed 
at this Step if the Storage capacitor is to be formed Simul 
taneously there with. 
0092 Subsequently, the silicon layer 30, gate insulating 
film 40, gate electrode 52 (including gate bus line) and 
protective electrode 55 (including the protective line 54) are 
formed on the insulating substrate 10 so that they cover the 
respective one ends of the Source/drain electrodes 22, 23 and 
the Source/drain wiring 26 for the protective circuit in the 
same way as in first embodiment as shown in FIG. 10b and 
FIG. 12. Thus the transistor 2 and protective element 4 are 
formed. If the Storage capacitor is to be formed Simulta 
neously, a passivation film is also formed on the Storage 
capacitor at this step. 
0093 Subsequently, as shown in FIGS. 10c and 13, a 
passivation film 61 of SiN and the like is formed on the 
insulating Substrate 10 using Sputtering or CVD process So 
that it covers the transistors, drain bus line 21, gate bus line, 
protective electrode 55 and protective bus line 54 as is the 
case with the first embodiment. The second embodiment 
differs from the first embodiment in that the contact holes are 
not formed immediately after the formation of the passiva 
tion film 61. If the Storage capacitor is also simultaneously 
formed, the passivation film is also formed on the Storage 
capacitor at this step. 
0094) Subsequently, as shown in FIGS. 10d, 14 and 
FIGS. 17a to 17c, an inter-layer insulating film 62 of an 
organic material Such as photosensitive acrylic resin, and 
polyimide resin is formed on the passivation film 62. The 
Surface of the interlayer insulating film 62 is roughed and 
contact holes 63, 65 penetrating through the interlayer 
insulating film 62 are formed in positions on the passivation 
film 61 above the Source electrode 22, drain bus line 22, 
protective electrode 55 and protective bus line 54 by a 
photolithography process and etching proceSS using halftone 
exposure or two-time exposure. The Second embodiment 
differs from the first embodiment in that the interlayer 
insulating film 62 is formed with contact holes (openings) 
before the formation of the contact holes. If the storage 
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capacitor is also to formed Simultaneously, the contact holes 
penetrating through the interlayer insulating film on the 
capacitor electrode is formed at this Step. 
0.095 Subsequently, contact holes 63, 65 are formed 
which penetrates through the passivation film 61 in positions 
on the Source electrode 22, drain bus line 21, protective 
electrode 55 and protective bus line 54 corresponding to the 
contact holes in the interlayer insulating film 62 by an 
etching process using the interlayer insulating film 62 hav 
ing contact holes formed therein as a mask as shown in 
FIGS. 10e, 15 and 17d. Using this technique eliminates one 
PR process in comparison with the embodiment 1. If the 
Storage capacitor is also formed Simultaneously, contact 
holes extending through the passivation film on the capacitor 
electrode are formed at this step. 
0096) Subsequently, as shown in FIGS. 10f and 16, a 
reflection electrode 71 and shortening wiring 72 are formed 
in position on the interlayer insulating film 62 as is the case 
with the first embodiment. The reflection electrode 71 is 
electrically connected to the Source electrode 22. The short 
ening wiring 72 passes through given contact hole and is 
electrically connected to the Source/drain wiring 26 and the 
protective bus line 54 for protection circuit. Another short 
ening wiring 72 Separate from the former wiring 72 passes 
through given contact hole 65 and is electrically connected 
to the drain bus line 21 and the protective electrode 55. The 
reflective electrode 71 is at least formed in the opening of the 
liquid crystal panel. The reflection electrode 71 may be form 
din Such a manner that it partially overlaps at its periphery 
on the transistor, gate bus line, and drain bus line. The active 
matrix Substrate can be formed as mentioned above. If the 
Storage capacitor is also formed Simultaneously with this, 
the reflection electrode is electrically connected to the 
capacitor electrode. 
0097 Finally after the opposite substrate equipped with 
the transparent electrode and a color filter, and the active 
matrix Substrate are formed with orientation films, respec 
tively, the active matrix Substrate is panel-aligned with the 
opposite Substrate (termed color filter Substrate) and a liquid 
crystal film is formed by filling the space therebetween with 
a liquid crystal material. Thus, the reflection type liquid 
crystal display device is produced (not shown). 
0098. The meritorious effects of the present invention are 
Summarized as follows. 

0099. In accordance with the present invention, the num 
ber of steps of the photolithography process (PR) since the 
formation of the Source/drain wiring until the formation of 
the reflection electrode in comparison with the prior art, So 
that shortening of the manufacturing period of time and 
reduction in a manufacturing cost is achieved because the 
Silicon film, passivation film and gate electrode layer are 
Successively etched in one photographic proceSS and a new 
proceSS is introduced in which roughing of the Surface of the 
passivation film and the gate electrode layer and formation 
of contact holes is achieved by one PR process. Since the 
passivation film is etched by using the interlayer insulating 
film as a mask, the Steps of PR process for etching the 
passivation film can be eliminated. 
0100 If the surface of the interlayer insulating film is 
roughed by PR and etching proceSS using halftone exposure 
method in accordance with the present invention, the con 
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tour of the roughneSS can be freely controlled, So that 
excellent reflection characteristics can be obtained. 

0101. It should be noted that other objects, features and 
aspects of the present invention will become apparent in the 
entire disclosure and that modifications may be done without 
departing the gist and Scope of the present invention as 
disclosed herein and claimed as appended here with. 
0102 Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
might fall under the modifications aforementioned. 

What is claimed is: 
1. A proceSS for producing a reflection type liquid crystal 

display device, comprising the Steps of: 

(a) depositing a low resistance metal layer on an insulat 
ing Substrate to form a Source/drain wiring by using a 
first mask, 

(b) depositing a Silicon layer, gate insulating film and gate 
electrode layer on Said insulating Substrate having Said 
Source/drain wiring pattern formed thereon in this order 
to form a thin film transistor region and a gate wiring 
by using a Second mask, 

(c) depositing a passivation film on Said insulating Sub 
Strate having Said Source/drain wiring, Said thin film 
transistor region and Said gate wiring formed thereon to 
form an opening for the transistor through said passi 
Vation film at a predetermined position on Said Source 
wiring by using a third mask, 

(d) depositing an interlayer insulating film on said passi 
Vation film, forming a rough Surface of Said interlayer 
insulating film to form an opening for the transistor 
through Said interlayer insulating film at a position 
corresponding to the opening formed in Said passiva 
tion film by using a fourth mask, 

(e) depositing a reflective metal over the rough Surface of 
Said interlayer insulating film to form by using a fifth 
mask a reflection electrode being extended and electri 
cally connected to Said Source wiring through the 
openings for the transistor in Said passivation film and 
Said interlayer insulating film; 

forming a Source/drain wiring for a protective circuit 
when said Source/drain wirings are formed; 

forming a protective electrode and protective wiring when 
Said thin film transistor region and Said gate wiring are 
formed; 

forming Said passivation film and Said interlayer insulat 
ing film on Said insulating Substrate having the Source/ 
drain wiring, said protective electrode and Said protec 
tive wiring for Said protective circuit formed thereon; 

forming openings for the protection circuit extending 
through Said passivation film and Said interlayer insu 
lating film in predetermined positions on the Source/ 
drain wiring, said protective electrode and Said protec 
tive wiring for Said protective circuit penetrating 
through Said interlayer insulating film and Said passi 
Vation film when respective openings for the transistor 
of Said interlayer insulating film and Said passivation 
film are formed; and 
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forming a first shortening wiring extending through an 
opening for Said protective circuit for electrically con 
necting the Source/drain wiring for Said protective 
circuit to Said protective wiring by Said reflective metal 
and a Second shortening wiring extending through an 
opening for Said protective circuit for electrically con 
necting Said drain wiring to Said protective electrode 
when said reflection electrode is formed. 

2. A reflection type liquid crystal display device compris 
ing: 

a Source and drain wiring formed in position on an 
insulating Substrate; 

a thin film transistor and gate electrode wiring formed in 
a Stack in which a Silicon layer, a gate insulating film 
and a gate electrode layer are Stacked in this order as 
Viewed in a direction Substantially normal to Said 
Substrate on predetermined portions of the Surface of 
Said Source/drain electrodes and Said insulating Sub 
Strate, 
passivation film formed on Said insulating Substrate 
having Said Source/drain wiring, Said thin film transis 
tor region and Said gate wiring formed thereon, Said 
passivation film having an opening for the transistor 
penetrating through Said passivation film on a prede 
termined position on Said Source wiring, 

an interlayer insulating film formed on Said passivation 
film and having has a rough Surface and an opening for 
the transistor formed to penetrate through said inter 
layer insulating film in a position corresponding to the 
opening for the transistor formed in Said passivation 
film, simultaneously with the formation of the rough 
Surface; and 
reflection electrode being formed on Said interlayer 
insulating film, Said reflection electrode having a 
roughness over the Surface of Said interlayer insulating 
film and extending through respective openings of Said 
passivation film and Said interlayer insulating film to be 
electrically connected to Said Source wiring. 

3. A reflection type liquid crystal display device as defined 
in claim 2 comprising: 

a capacitor electrode formed in a position on an insulating 
Substrate simultaneously with the formation of said 
Source/drain wiring, and 

a storage capacitor formed Simultaneously with the for 
mation of Said thin film transistor in a Stack in which a 
Silicon layer, gate insulating film and gate electrode 
layer are Stacked in a direction normal to Said Substrate 
in a position on Said insulating Substrate including Said 
capacitor electrode, 

wherein Said passivation film formed on Said insulating 
Substrate having Said Storage capacitor formed thereon, 
has an opening for the Storage capacitor formed Simul 
taneously with the formation of the opening for the 
transistor in Said passivation film, Said opening for the 
Storage capacitor penetrating through Said passivation 
film in a predetermined position on Said Storage capaci 
tor electrode, 

Said interlayer insulating film has an opening for the 
Storage capacitor formed simultaneously with the for 
mation of Said rough Surface So that it extends through 
Said interlayer film; and 
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Said reflection electrode extends through respective open 
ings for the Storage capacitor in Said passivation film 
and Said interlayer insulating film to be electrically 
connected to Said capacitor electrode. 

4. A reflection type liquid crystal display device as defined 
in claim 2 comprising: 

a Source and drain wiring for the protective circuit formed 
in a position on Said insulating Substrate Simulta 
neously with the formation of Said Source/drain wiring, 
and 

a protective electrode and protective wiring formed Simul 
taneously with the formation of said thin film transistor 
in a Stack in which a Silicon layer, gate insulating film 
and gate electrode metal layer are Successively Stacked 
in a direction Substantially normal to Said Substrate at a 
predetermined position on Said insulating Substrate 
including a Source/drain wiring for Said protective 
circuit; 

Said passivation film formed on Said insulating Substrate 
having Said protective electrode and Said protective 
wiring and having an opening for the protective circuit 
which is formed simultaneously with the formation of 
the opening for the transistor in Said passivation film 
and extends through Said passivation film at predeter 
mined positions on Said drain wiring, said Source/drain 
wiring of Said protective circuit, Said protective elec 
trode and Said protective wiring, 

Said interlayer insulating film having an opening for the 
protective circuit formed simultaneously with the for 
mation of Said rough Surface in position corresponding 
to the opening for the protective circuit in Said passi 
Vation film, an opening for the protective circuit pen 
etrating through Said interlayer insulating film; 

a first shortening wiring formed at a position on Said 
interlayer insulating film Simultaneously with the for 
mation of Said reflection electrode and extending 
through respective openings for the protective circuit in 
Said passivation film and Said interlayer insulating film 
to be electrically connected to Said Source/drain wirings 
for Said protective circuit and Said protective wiring, 
and 

a Second shortening wiring formed at a position on Said 
interlayer insulating film Simultaneously with the for 
mation of Said reflection electrode and extending 
through respective openings for the protective circuit in 
Said passivation film and Said interlayer insulating film 
to be electrically connected to Said drain wiring for Said 
protective circuit and Said protective electrode. 

5. A reflection type liquid crystal display device as defined 
in claim 2 wherein Said Source/drain wiring, Said capacitor 
electrode or said Source/drain wiring for Said protective 
circuit is treated with PH 

6. A proceSS for producing an active matrix Substrate for 
use in a liquid crystal display device on which a reflector 
electrode formed on an insulating film has a contact to a 
Source electrode of a Switch transistor arranged on a croSS 
region of a gate bus line and a drain bus line, comprising the 
Steps of 

depositing a photo-Sensitive insulating film adapted for an 
interface to Said reflector electrode on the Substrate 
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having Said Switch transistor, Said drain bus line and 
Said gate bus line formed thereon, and 

forming a rough interface of Said photo-Sensitive layer 
and a contact hole penetrating through Said photo 
Sensitive layer by using one of a halftone exposure 
method and two-times exposure method. 

7. The proceSS as defined in claim 6 further comprising the 
Steps of: 

forming a contact hole extending to Said Source electrode 
through an insulating film inserted between Said Sub 
Strate and Said photo-Sensitive layer by using Said 
photo-Sensitive layer as an etching mask. 

8. The proceSS as defined in claim 6 further comprising the 
Steps of: 

depositing a Silicon layer, an gate insulating film and a 
gate electrode layer on an insulating Substrate having a 
Source and drain electrode pattern formed thereon; 

forming a pattern of a gate electrode and a gate bus line 
by using a photolithography and etching process from 
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Said gate electrode layer, accompanied by Successive 
etchings of Said gate insulating film and Said Silicon 
layer to form a Staggered Structure of Said Switch 
transistor. 

9. A proceSS for producing an active matrix Substrate for 
use in a liquid crystal display device on which a Switch 
transistor of a Staggered Structure type is arranged on a croSS 
point of a gate bus line and a drain bus line, comprising the 
Steps of 

depositing a Silicon layer, an gate insulating film and a 
gate electrode layer on an insulating Substrate having a 
Source and drain electrode pattern formed thereon; 

forming a pattern of a gate electrode and a gate bus line 
using a photolithography and etching proceSS from Said 
gate electrode layer, accompanied by Successive etch 
ings of Said gate insulating film and Said Silicon layer 
to form a Staggered Structure of Said Switch transistor. 


