
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0074547 A1 

US 20020074547A1 

Yudasaka et al. (43) Pub. Date: Jun. 20, 2002 

(54) THIN FILM DEVICE PROVIDED WITH Sep. 19, 1996 (JP)............................................. 8-24.8071 
COATING FILM, LIQUID CRYSTAL PANEL Nov. 14, 1996 (JP)............................................. 8-3O3387 
AND ELECTRONIC DEVICE, AND METHOD May 14, 1997 (JP)............................... PCT/JP97/O1618 
FOR MAKING THE THIN FILM DEVICE 

Publication Classification 
(75) Inventors: Ichio Yudasaka, Suwa-shi (JP); 

Tatsuya Shimoda, Suwa-shi (JP); (51) Int. Cl. .............................................. H01L 31/0376 
Sadao Kanbe, Suwa-shi (JP); Wakao (52) U.S. Cl. ................................................................ 257/57 
Miyazawa, Suwa-shi (JP) 

Correspondence Address: (57) ABSTRACT 
OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 Any one of an insulating film forming a TFT, a Silicon film 
ALEXANDRIA, VA 22320 (US) and a conductive film is formed by applying a Solution and 

annealing it. In a spin coater (102), a coating Solution 
(73) Assignee: Seiko Epson Corporation, Tokyo (JP) containing a thin film component which is Supplied from a 

Solution Storage Section (105) is spin-coated onto a Sub 
(21) Appl. No.: 09/901,126 Strate. The Substrate after coating the coating Solution is 
22) Filled: ... 10, 2001 annealed in an annealing Section (103) to form a coating film 
(22) File Ju 9 on the Substrate. Additional laser annealing improves one of 

Related U.S. Application Data film characteristics, i.e., crystallinity, density and adhesive 
neSS. Application of the coating Solution or a resist by an ink 

(60) Division of application No. 09/325,567, filed on Jun. jet process increases utilization of the Solution and permits 
4, 1999, which is a continuation of application No. forming a patterned coating film. Because a thin film device 
08/983,036, filed on Feb. 13, 1998, now patented. in accordance with the present invention is inexpensive and 

has a high throughput, TFT production by a production 
(30) Foreign Application Priority Data System having high utilization of the coating Solution dras 

May 15, 1996 (JP)............................................. 8-12O653 
tically reduces initial investment and production cost of a 
liquid crystal display device. 

  



Jun. 20, 2002. Sheet 1 of 39 US 2002/0074547 A1 Patent Application Publication 

YIGCIW O’INT) WEIJLSÅS ?NIJI,V,II,ILNEHA 
NOIJLO?IS 5) NITIVISINNVÌ NOIJLOCHS 

2. O | 

YHOEJLVOO NI?I S NOIJLO?IS TIOHJ, NOO 
9 O| 

| O | YHOEHCIVOTI NOIJLOGIS ?IÐVIHOLS NOIJL[\'IOS 
G OI 

  





Patent Application Publication Jun. 20, 2002 Sheet 3 of 39 US 2002/0074547 A1 

NY N YCYNY NY SN22 TZ 2. 22:23 N/NINN/ N. N. N. N. 4 N. NN4NC4-4 4-4- NV NYNNV NNN/YNY Y V N N NNNNNN 

\ NY 
14C 4D 

O 4. 

-- PRIOR ART 

44 

22 2x2 free N N. 
YYYZZY YZZYZZYZZYZZY Y-1 YYYYYYYYYYYYYYYYYYYYYYY 

3O 34 

-- PRIOR ART 

  

  

  

  

  





US 2002/0074547 A1 

9 | 9 | - 

Patent Application Publication 

  

  



Patent Application Publication Jun. 20, 2002 Sheet 6 of 39 US 2002/0074547 A1 

F G 7 

LOADER 

SOLUTION 
2O2 STORAGE 

LOAD LOCK SECTION 

CONTROL 
2O3 SECTION 

SPIN COATER 

2O8 

2O TEMPERATURE 
CONTROL 

VENTILATING 
SYSTEM 

EXHAUST GAS 
DISPOSAL UNIT 

ANNEALING 2 
SECTION 

22 
ANNEALING 
SECTION 

  

  

  

  

  

  

  

    

  

  



Patent Application Publication Jun. 20, 2002 Sheet 7 of 39 US 2002/0074547 A1 

F G 8 

2O 

LOADER 

SOLUTION 
2O2 STORAGE 2O8 

LOAD LOCK SECTION 

CONTROL O9 
SECTION 

2O3 2 

spin coater 7 
- TEMPERATURE 21 O CONTROL 

SECTION 

FIRST 
ANNEATING VENTIATING 2 
SECTION SYSTEM 

EXHAUST GAS 22 
DSPOSAL UNIT 

SECOND 
ANNEALNG 
SECTION 

O SOLUTION O5 
SPN COATER SESS 

CONTROL O6 
SECTION 

ANNEALING 
SECTION TEMPERATURE 

CONTROL O7 
SECTION 

LOAD LOCK 2O6 VENTILATING O8 
SYSTEM 

UNLOADER 2O7 

  

    

    

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 20, 2002. Sheet 8 of 39 US 2002/0074547 A1 

FG 9 

ST FORMATION OF 
ITO COATING FILM 

ST2 
SURFACE ACTIVATION 

ST3 
Pol/Sn COMPLEX ADHESION 
Pd DEPOSITION 

ST 4 
Ni PLATING & ANNEALING 

ST5 
All PLATING 

END 

  

  

  

  



Patent Application Publication Jun. 20, 2002 Sheet 9 of 39 US 2002/0074547 A1 

  



Patent Application Publication Jun. 20, 2002 Sheet 10 of 39 US 2002/0074547 A1 

F. G. 
54 

F G 2 4 O 

SE 
38 SECTION 

3O 

F G 3 
38 

32 

  

  



Patent Application Publication Jun. 20, 2002 Sheet 11 of 39 US 2002/0074547 A1 

F G 4. 3O6 

SOLUTION 
STORAGE 
SECTION 3O3 

3O2 

3O 

F G 5 32 34 3O5 
N - 

35 

33 

"I 
Y-36 

36 

    

  



Patent Application Publication Jun. 20, 2002 Sheet 12 of 39 US 2002/0074547 A1 

F. G. 7 

  



Patent Application Publication Jun. 20, 2002 Sheet 13 of 39 

F G 8 

- - - - - - - - - - - - - - 

US 2002/0074547 A1 

4O2 

44 

45 
, 416 
7,421B F., ... 1 

-- 4O4. 

    

  

  

    

  



Sheet 14 of 39 US 2002/0074547 A1 

I-I-T-T-T-T-T-JUZ UZ SIDA, UTNI ?z§@$$$\, RNKS 
6 | 9 | -} 

Patent Application Publication Jun. 20, 2002 

  

  

  



US 2002/0074547 A1 Jun. 20, 2002 Sheet 15 of 39 Patent Application Publication 

  



US 2002/0074547 A1 Sheet 16 0f 39 Patent Application Publication Jun. 20, 2002 

  

  

  

  



- - - - - - 

- - - - - - 

US 2002/0074547 A1 

- - - - 

+ - - - - - - - - - - 

s 

l 

… _ _ _ _ _ _ - - - - - - - ~- - - - - - - - - - * :=(f * * * * * * 

Jun. 20, 2002. Sheet 17 of 39 

- r - - - - 

Patent Application Publication 

F G 22 

  

  

  



Sheet 18 of 39 US 2002/0074547 A1 Patent Application Publication Jun. 20, 2002 

| | {z~^> `NFERERE!!!!! 

  

  

  

  

  



US 2002/0074547 A1 Jun. 20, 2002 Sheet 19 of 39 Patent Application Publication 

13, 22; Võõv glº Ig?y w Iziz 
  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 20, 2002 Sheet 20 of 39 US 2002/0074547 A1 

FIG.25(A) 
43 45 

42A 
N - 

2 NYa NYNY YYN 
ZN 

7 

42 

44 43 47 46 

FIG.25(B) 
43 

42A 42B 

Y267777'>NNNNN, a &aaS N%NSNNNNNSN.RN A$3s.N&SK3) a 
45 

1 - 4 O 

44 43 47 46 

  

  

  

  

    

  

  

  

  



Patent Application Publication Jun. 20, 2002 Sheet 21 of 39 US 2002/0074547 A1 

F. G. 26 

446 

44. 413 47 2,15 Alé N-N-1 -N- 4O4 4O4 
U 

  



Patent Application Publication Jun. 20, 2002 Sheet 22 of 39 US 2002/0074547 A1 

FIG.27(A) 4O6 

44 47 46 

FIG.27(E) 43 42 
12 / 

7S (SS-S-S-S 7777 Six NSANAN 4M as a a SN 24444 a a AAAAN a 
--------- 

44 47 4 6 

  



Patent Application Publication Jun. 20, 2002 Sheet 23 of 39 US 2002/0074547 A1 

4O2 46 4 O2 

42A, NE Z 221222 22zz 43 223: Y F C 

%2é222222226 FIG28(A) KS2 YN44-Net-4 
4O 

44 47 46 

43 42 

23%2C6/43. Z2A RANC44 as a NCC 
it 

4 

4 O 
FG.28(B) 

43 
44 47 46 

43 45 422A ) 
42A-NKNXXNN Near YNN 
43 &2) N 4 

FIG.28(C) als 
4O 

44 4.7 46 

43 y 42O 446 
42 A 

CY N 43 S&S 221242/S 
FIG.28(D) 22a3A 4 

4 O 

44, 47 46 440 462 
43 

3.1723 SSNN. QSSSS SY Six's 2%2122) SyS,22% NK 22sess S2 & 21sksas SC2 
/ 

414 47 46 

FIG.28(E) 
42A 

4 

4 O 
43 

    

  

  

  

  



US 2002/0074547 A1 Jun. 20, 2002 Sheet 24 of 39 Patent Application Publication 

F. G. 29 

. . . 
- - - - - - - - - - 

+ - - - - - - - - - - 

y 
4O1 

------ 
- - - - - - - - - - 

  

  



Patent Application Publication Jun. 20, 2002 Sheet 25 of 39 US 2002/0074547 A1 

F. G. 3O 

45. 44 
456 44 B-4O1 

ARSSC 7 24S X/ 
&SS-2Sis 4 assa NGC SEY 2. SEZ R2A (SNCC2a3inatak 

4O 

/ 
4 4 4.7 46 Y-N- 

4O4. 

- 

    

  

      

    

    

  

  



Patent Application Publication Jun. 20, 2002 Sheet 26 of 39 US 2002/0074547 A1 

FIG.3(A) 
44. 47 4-6 

43 

42A 

FG3)(B) 43 

43 

FIG3(C) '' 
43 

43 
SNNe3SNN FIG.31(D) 421A-SS 2S NNa2SS 43 32SSR2SS 4 

4 O 

44 47 46 422 42O 
43 45 } 457 

FIG. s 7 ZS7 ''' 42 AsiaSS3sis atti hazeera al-4 
4 3 

4 O 
44 4 7 46 457 

429 462 43 
7 NZVZZZZZ 

FG.31(F) 31, 13S4 sassis-sis &2SS322S S. al-Z, Naga Ratara 

to 
44 47 46 

  

  

  

  



US 2002/0074547 A1 Jun. 20, 2002. Sheet 27 of 39 Patent Application Publication 

  



Patent Application Publication Jun. 20, 2002 Sheet 28 of 39 US 2002/0074547 A1 

FG 33 

44 

sk) als. ^GSGS-3&Z 5x5s 

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jun. 20, 2002 Sheet 29 of 39 US 2002/0074547 A1 

FG34(A) 4O2 4O2 
47o 42b aro 

42. A 12-2242 42-222 4:2:22:52 22- 41 Z2 23K k2(XR2 &z2% 4K-2 23:32kézyk 3393 
4O 

44 47 46 

FG34(B) 
43 42AN 45 42 466 

413,232%lé 2 12 Sax rays zheliaving 4-(((at the 

44 47 46 

FIG.34(C) 

4 

4 O 

4 

s: ZZCZ) Só-322 2N 2 sailing ZYYY NY KX (2a, NaNZZZZ-4A anala NC-6 

42A Q39 SN 
22; 2. 

O 
4. 

44 47 46 42 B 

F G.34(D) 422A 466 - 422 
45. 42 B } 420 u,462 

43 
42AZSIAZ V2A\ 1 4. Z. 4 

YYYX YX Y. <ar &NO as ZZZZZ 2 2) 43 Y2K434 Y777 24 K43-34 aeria (zz,4zar 

4. 

4O 

44. 47 46 

    

  

    

      

  



Patent Application Publication Jun. 20, 2002 Sheet 30 of 39 US 2002/0074547 A1 

F G 35 

Sn+ 

r - - - - - - - - 

- - - - - - - - - - 

4O2 

421A 
44 415 
-1 416 

42B 44-ID W 
f r:------. V 3-48o ------- 

    

    

  

  



Patent Application Publication Jun. 20, 2002 Sheet 31 of 39 US 2002/0074547 A1 

F. G. 36 

43 

44 47 4 6 

    

  

  

  

  



Patent Application Publication Jun. 20, 2002 Sheet 32 of 39 US 2002/0074547 A1 

FIG.37(A) 

222222 42-2:24 22 YX21222 Z2 212) 2.523&25% Z.42 aaa (444 4a a 4N4. 

FG, 37(E) 43 42 48O 
42A 

43 

FIG.37(C) 42B O42 484 
YNTYN YON a Ya N 43 

42A 

43 
ZR2, Sakazza Nkgx 

  

    

    

  



Patent Application Publicati cation Jun. 20, 2002 Sheet 3 3 of 39 US 2002/007 4547 A1 

Syn A. M. 2/NZ S$3.2ss 17 s Y.Y. 2K-4KAKN 

FIG38(B) 5-49o 44, 492 ao 
41R 7 -N-1 - - - 

24f7NSAZZZZZZ 4 
43 44 47 45 43 46 

    

  

  

  

    

  

    

  

  



Patent Application Publication Jun. 20, 2002 Sheet 34 of 39 US 2002/0074547 A1 

446 FG39(A) 4. 422A 

QY2 233 
43 

42A 

446 
7 r & 

2N22 S. 25éxicitle, SS2-4II, ES NYNY 
44-1 4 3 47146 

4 

4 O 

FIG.39(B) 45 
43 

&\SYS Y. 
NK{ 

2. Af 
3!, 212.3 N AS2A2 r \ ̂ 2.ÉN222 (a 

Z - , , , 

422A 

4O4 

    

  

  



US 2002/0074547 A1 Jun. 20, 2002 Sheet 35 of 39 Patent Application Publication 

‘IGINVÍGÐ TIVALSZY?O CIInÔITI 

RIOHITOS NOILVWYHO, INI ÄV"IdISICI 

J,IQ OHI3O 5ÐNIJLWYSIGINGIÐ XIO O'IO 

5) NISSOEHOORIGI J,I [10] HIC) \{GIMO?i DIXIJLOCITICI   

  

  

    

  



US 2002/0074547 A1 Jun. 20, 2002. Sheet 36 of 39 Patent Application Publication 

  



Patent Application Publication Jun. 20, 2002 Sheet 37 of 39 US 2002/0074547 A1 

F G 42 

2OO 

2O6 

2O2 2O4 

  

  



Patent Application Publication Jun. 20, 2002 Sheet 38 of 39 US 2002/0074547 A1 

3O8 N. 

32 

  



Patent Application Publication Jun. 20, 2002 Sheet 39 of 39 US 2002/0074547 A1 

F G 44 

3O4. 

324 

  



US 2002/0074547 A1 

THIN FILM DEVICE PROVIDED WITH COATING 
FILM, LIQUID CRYSTAL PANEL AND 

ELECTRONIC DEVICE, AND METHOD FOR 
MAKING THE THIN FILM DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a thin film device 
including a thin film laminate Structure Such as a thin film 
transistor (hereinafter referred to as TFT) and a method for 
making the same, and in particular relates to a thin film 
device capable of low cost production due to a decreased 
initial investment and a method for making the Same. Also, 
the present invention relates to a liquid crystal panel and an 
electronic device using the thin film device. 

BACKGROUND ART 

0002. In recent years, liquid crystal display devices using 
such types of thin film devices have been used in notebook 
type personal computers, car navigation Systems, video 
cameras and various portable information devices, and their 
range of applications and production is drastically increas 
ing. Such phenomena are due to improved performance 
including reduced price of the liquid crystal display devices, 
enlarged Screen size, improved image resolution and low 
electrical power consumption. Further cost reduction is, 
however, required for further expansion of the market and 
range of applications. 

0003. The mainstream of the liquid crystal devices is 
active matrix liquid crystal devices using TFTs as Switching 
elements for pixels. Each liquid crystal device includes 
TFTs, a TFT substrate on which a matrix of pixel electrodes 
connected to the TFTs are formed, a counter Substrate 
provided with a common electrode, and a liquid crystal 
encapsulated between these two substrates. FIG. 17 shows 
the main section of a TFT Substrate 60. In FIG. 17, TFTs 61 
are formed at pixel positions near the interSections of a 
plurality of Source or data Signal lines S1, S2, . . . Sn 
arranged in columns with a plurality of gate or Scanning 
Signal lines G1, G2, . . . Gm arranged in rows. Source 
electrodes of the TFTs 61 are connected to their respective 
Source lines, and drain electrodes are connected to their 
respective pixel electrodes 62. The data Signal Supplied from 
a Source line is applied to a pixel electrode 62 through its 
corresponding TFT 61 based on the Scanning timing Signals 
Supplied through the corresponding gate line. The State of 
the liquid crystal is changed and driven for displaying by an 
electric field between the pixel electrode 62 and the common 
electrode, not shown in the drawing. 
0004. The liquid crystal display device is fabricated by 
panel assembling including encapsulation of the liquid crys 
tal between the TFT Substrate 60 and the counter electrode, 
and packaging of driving circuits for driving the Source lines 
and the gate lines. The cost of the liquid crystal display 
device greatly depends on the cost of the TFT substrate 60. 
The cost of the TFT substrate 60 depends on the manufac 
turing method of the TFTs. A part of driving circuits may be 
formed on the TFT substrate 60 by forming the active 
elements with the TFTs, and in this case, the cost of the TFT 
Substrate represents a high proportion of the cost of the 
liquid crystal display device. 

0005 ATFT has a thin film monolithic structure includ 
ing a plurality of thin films which include at least a Silicon 
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Semiconductor layer having an insulating layer, a conductive 
layer, a Source, a drain and a channel region. The cost of the 
TFT greatly depends on the production cost of the thin film 
monolithic structure. 

0006 The insulation layer in the thin film monolithic 
Structure is formed by a low preSSure chemical vapor 
deposition (LPCVD) process or a plasma enhanced CVD 
(PECVD) process, because a normal pressure CVD 
(NPCVD) process results in low uniformity of the film 
thickness. The conductive layer, or typically the metal layer, 
is formed by a Sputtering process. The Silicon film for 
forming the Silicon Semiconductor layer is also formed by 
the PECVD or LPCVD process. Further, a method for 
implanting an impurity into the Silicon film by an ion 
implanting process or an ion doping process is used. Alter 
natively, the high concentration impurity region which func 
tions as a Source-drain region is formed of an impurity 
doped silicon film in a CVD system. 
0007. The CVD systems and the Sputtering system used 
in the above-mentioned film deposition processes belong to 
Vacuum units for processing materials under Vacuum pres 
Sures, and require large vacuum Systems, resulting in an 
increase in initial investment. In the vacuum System, a 
Substrate is transferred to a vacuum evacuation chamber, a 
Substrate heating chamber, a film deposition chamber and a 
vent chamber, in that order, to form a film. The Substrate 
atmosphere therefore must be changed from open air to 
Vacuum, and this limits the throughput. Because the ion 
implanter and the ion-doping System are also vacuum SyS 
tems, the same problems as above occur. Further, the ion 
implanter and the ion-doping System require complex 
mechanisms for generating plasma, extracting ions, mass 
Separating the ions (for the ion implanter), accelerating ions, 
collimating ions, Scanning ions and So on, resulting in a 
remarkably high initial investment cost. 

0008 AS described above, the thin film deposition tech 
nology and the processing technology for producing a thin 
film monolithic structure are basically similar to the manu 
facturing technology for LSI circuits. The main means for 
cost reduction of the TFT substrate include scaling-up of the 
substrate size for forming TFTs, improvement in efficiency 
of the thin film deposition and its processing Step, and 
improvement in yield. 

0009 Scaling-up of the substrate size for producing large 
liquid crystal display devices with reduced costs is an 
obstacle to high Speed transfer of the Substrates in the 
Vacuum System, and causes breakage of the Substrate due to 
thermal StreSS during the deposition Steps, hence it is Sig 
nificantly difficult to improve the throughput of the film 
deposition System. Also, the Scaling-up of the Substrate size 
inevitably requires Scaling-up of the film deposition System. 
An increased cost accompanied by the increased Volume in 
the Vacuum System further increases the initial investment, 
and as a result, it is difficult to achieve drastic cost reduction. 

0010 Although an increased yield is a valuable means for 
cost reduction, a yield near the limit has been achieved, and 
thus drastic cost reduction is difficult in view of the yield. 
0011 Patterning of each layer is performed by a photo 
lithographic proceSS. The photolithographic proceSS essen 
tially includes a coating Step, an exposure Step and a 
developing Step of a resist film. After these Steps, an etching 
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Step and a resist-removing Step are required, hence the Steps 
for patterning is a factor in increasing the number of Steps 
for thin film deposition. This is a factor in the increased cost 
of thin film device production. 
0012 Regarding the resist-coating step in the photolitho 
graphic process, only less than 1% of the resist Solution 
dropped onto the Substrate remains on the Substrate as the 
resist film after Spin coating, reducing the efficiency of the 
use of the resist Solution. 

0013 Although a printing process has been proposed as 
a low cost proceSS instead of a large Scale exposure System 
used in the exposure Step, it has not yet reached practical use 
due to problems. Such as processing accuracy. 
0.014 AS described above, it is not possible to drastically 
reduce the cost of the TFT substrate, although the market 
requires drastic price reduction of the liquid crystal display 
devices. 

0.015. It is an object of the present invention to provide a 
thin film device and a method for making the same, in which 
a part, or all of, the films in a thin film monolithic structure 
used for a liquid crystal display device are deposited without 
a vacuum System in order to decrease initial investment and 
operation costs, increase the throughput and Significantly 
decrease the production costs. 
0016. It is another object of the present invention to 
provide a thin film device and a method for making the 
Same, in which a thin film having characteristics similar to 
those of a CVD or Sputtered film is formed of a coating film 
while achieving cost reduction. 
0.017. It is a further object of the present invention to 
provide a thin film device and a method for making the 
Same, in which the consumption of a coating Solution is 
decreased in the formation of the thin coating film for 
achieving cost reduction. 
0.018. It is still another object of the present invention to 
provide a thin film device and a method for making the 
Same, which is capable of patterning the formed film without 
a photolithographic process and, thus, reducing the cost. 

0019. It is a still further object of the present invention to 
provide a thin film device, a liquid crystal panel and an 
electronic device using the Same, in which a plane in contact 
with the liquid crystal can be planarized by forming a pixel 
electrode with a coating film. 
0020. It is another object of the present invention to 
provide a thin film device, a liquid crystal panel, and an 
electronic device using the same, in which a wiring layer can 
be used as a light-shielding layer for a black matrix and the 
thin film device has a high aperture ratio. 
0021. It is still another object of the present invention to 
provide a liquid crystal panel and an electronic device which 
enable cost reduction due to use of an inexpensive thin film 
device. 

DISCLOSURE OF INVENTION 

0022. According to an embodiment of the present inven 
tion, a thin film device has a thin film monolithic structure 
comprising a plurality of thin films including at least one 
insulating layer and at least one conductive layer, wherein 
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0023 at least one thin film in the thin film mono 
lithic structure is formed of a coating film (excluding 
a spin-on-glass film having a basic Structure com 
prising siloxane bonds), which is obtained by apply 
ing a Solution containing a constituent of the thin 
film followed by annealing. 

0024. A method for making the thin film device com 
prises the following Steps of: 

0025 applying a coating Solution containing a con 
stituent of the thin film onto a Substrate; and 

0026 forming a coating film (excluding a spin-on 
glass film having a basic structure comprising Silox 
ane bonds) by annealing the coated Surface of the 
Substrate. 

0027. In the present invention, at least one layer in the 
thin film monolithic Structure is formed as a coating film 
without a vacuum System. AS Such a coating film, a spin 
on-glass (SOG) film having a basic structure comprising 
Siloxane bonds, which has been used as a planarization layer, 
has been known. The organic SOG film is, however, readily 
etched during an oxygen plasma process, whereas the inor 
ganic SOG film readily cracks even if the film has a 
thickness of Several thousand angstroms, hence it is rarely 
used Solely as an interlevel insulating film, and is used as 
only a planarization layer above a CVD insulating film. 
0028. In the present invention, an insulating layer and a 
conductive layer composing a thin film monolithic structure 
are formed of a coating film other than the SOG film, and the 
thin film can be planarized at the same time. Because the 
coating film can be formed without a vacuum system Such 
as a CVD System or a Sputtering System, a mass-production 
line can be constructed with a significantly Smaller invest 
ment compared to conventional Systems, the throughput of 
the System can be increased, and the cost of the thin film 
device can be drastically reduced. 
0029. The thin film monolithic structures include various 
Structures, for example, those including Semiconductor lay 
ers, those including thin film transistors, and those including 
an underlying insulating layer and an upper protective 
insulating layer. 

0030. In these cases, it is preferable that all of the 
insulating layers contained in the thin film monolithic struc 
ture be formed of a coating film. A gate insulating layer 
requiring a critical film quality for ensuring desired thin film 
transistor characteristics, however, may be formed by a 
method other than a coating process. 
0031. It is preferable that at least two thin films in the thin 
film monolithic structure be formed by a coating proceSS in 
order to reduce the device cost which is a purpose of the 
present invention. 
0032. The insulating layer can be formed of a SiO, 
coating film, which is obtained by applying a Solution 
containing a polymer having Si-N bonds (polysilaZane), 
followed by a first annealing process in an oxygen atmo 
Sphere. Because the polysilaZane having the above Structure 
exhibits high cracking resistance and oxygen plasma resis 
tance, a Single layer can be used as an insulating layer having 
a given thickness. 
0033. It is preferable that the insulating layer be subjected 
to a Second annealing proceSS at a temperature higher than 
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that in the first annealing process to further clean its Surface. 
The Second annealing proceSS may be performed at a high 
temperature for a short period using a laser or a lamp. 
0034. The semiconductor layer is formed by implanting 
an impurity into a Silicon coating film, which is formed by 
applying a Solution containing Silicon particles, followed by 
a first annealing process. 
0035) It is preferable that the semiconductor layer be 
Subjected to a Second annealing proceSS at a temperature 
higher than that in the first annealing process to improve the 
crystallinity in the layer. The Second annealing process may 
also be performed at a high temperature for a short period 
using a laser or a lamp. 
0.036 Preferably, a method for diffusing an impurity into 
the Silicon coating film comprises the following Steps of: 

0037 forming by coating an impurity-containing 
layer onto the Silicon coating film; and 

0038 diffusing the impurity into the silicon coating 
film by heating the impurity-containing layer. 

0.039 Conventionally, the high concentration impurity 
region which functions as a Source-drain region has been 
formed of an impurity-doped silicon film by a CVD system, 
or formed by introduction of an impurity by an ion implant 
ing process or an ion doping process. In the present inven 
tion, a Source-drain region is formed by a step of applying 
and baking a Solution to form a thin film containing an 
impurity, and by a Step of annealing the thin film at a high 
temperature for a short period using a lamp or a laser to form 
a high concentration impurity region. The ion implanting 
System and the ion doping System basically belong to 
Vacuum Systems, and require extremely complicated mecha 
nisms for generating plasma, extracting ions, mass-separat 
ing the ions (for the ion implanter), accelerating ions, 
collimating ions, Scanning ions and So on. Hence these two 
Systems have evidential high prices compared to the System 
for coating and annealing the thin film containing the 
impurity. 

0040. There are two methods for forming the conductive 
layer. In one method a thin metal film is formed and in the 
other method a thin transparent conductive film is formed. 
0041. The formation of the thin metal film as a conduc 
tive layer includes coating of a Solution containing conduc 
tive particles and then evaporating the Solvent by a first 
annealing process. A conductive coating film can be thereby 
formed. 

0042. It is preferable that the conductive layer also be 
Subjected to a Second annealing proceSS at a temperature 
higher than that in the first annealing process to reduce the 
resistance of the layer. The Second annealing proceSS may be 
performed at a high temperature for a short period using a 
laser or a lamp. 
0.043 Preferably, a method for forming a transparent 
conductive film as a conductive layer comprises: 

0044) a first annealing step annealing the coated 
Surface in an oxygen or nonreductive atmosphere; 
and 

0045 a second annealing Step annealing the coated 
Surface in a hydrogen or reductive atmosphere. 
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0046) When forming the transparent electrode as the 
conductive layer, for example, an organic acid containing 
indium and tin is used as a coating Solution. Preferably in 
this case, a Solvent used for adjusting the Viscosity is 
evaporated (at, for example, a temperature of approximately 
100° C) after coating, and then the above-mentioned first 
and Second annealing processes are performed. Indium 
oxide and tin oxide are formed during the first annealing 
process, and the film is reduced during the Second annealing 
process in a hydrogen or reductive atmosphere. 
0047. It is preferable that the temperature in the second 
annealing process be lower than that in the first annealing 
proceSS. 

0048. The transparent conductive coating film after the 
first annealing proceSS can be prevented from thermal dete 
rioration in the Second annealing process. 
0049 Preferably, the Substrate is maintained in the non 
oxidizing atmosphere after the Second annealing process 
until the substrate temperature is decreased to 200 C. or 
leSS. The reoxidation of the transparent conductive coating 
film reduced during the Second annealing process can be 
thereby Suppressed, and thus the sheet resistance of the 
transparent conductive coating film does not increase. It is 
preferable that the Substrate be introduced into open air at a 
temperature of 100° C. or less in order to ensure prevention 
of the reoxidation. Because the resistivity of the coated ITO 
film decreases in proportion to the oxygen defects in the 
film, the reoxidation of the transparent conductive coating 
film due to oxygen in the open air results in an increase in 
the Specific resistivity. 
0050. In the formation of the transparent conductive 
coating film, a coating Solution containing indium (In) and 
tin (Sn) is applied onto the Substrate. The coating film is 
oxidized in the first annealing process to form an ITO film. 
Using the coated ITO film, the conductive layer is also 
uSable for the transparent electrode. 
0051) When the surface of the ITO film is plated with a 
metal, the film can be used as a conductive layer other than 
the transparent electrode, and the metal plating can decrease 
the contact resistance. 

0052. It is preferable that a conductive sputtering film be 
formed on the contact face of the coated ITO film by a 
Sputtering process. 

0053 An example of the thin film monolithic structure is 
an active matrix Substrate including pixel Switching ele 
ments provided on their respective pixels, which are formed 
near interSections of a plurality of data lines with a plurality 
of Scanning lines, and pixel electrodes connected thereto. 
0054) A typical pixel Switching element used in the active 
matrix Substrate is a thin film transistor. The thin film 
transistor as the pixel Switching element includes a gate 
electrode electrically connected to one of the Scanning lines 
and a drain electrode electrically connected to one of the 
pixel electrodes. 
0055. It is preferable that the pixel electrodes be formed 
of a conductive coating film in Such a thin film monolithic 
Structure. The Surface in which the pixel electrodes are 
formed generally has steps, while the Surface of the con 
ductive coating film is Substantially planarized when the 
pixel electrode is formed of the conductive coating film. AS 
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a result, rubbing can be Satisfactorily performed and occur 
rence of reverse-tilt domains can be prevented. 

0056. It is preferable that the conductive coating film 
used for the pixel electrodes be a coated ITO film. The 
coated ITO film functions as a transparent electrode and is 
Suitable for producing an active matrix Substrate in a trans 
mission liquid crystal display device. 

0057 The thin film transistor as the pixel Switching 
element includes an interlevel insulating film formed on the 
front Surface of the gate electrode, and the data line and pixel 
electrode are electrically connected to the Source region and 
the drain region, respectively, through contact holes formed 
in the interlevel insulating film. 
0.058. The interlevel insulating film may be composed of 
a lower interlevel insulating film which lies at the lower side, 
and an upper interlevel insulating film which is formed on 
the surface of the lower interlevel insulating film. In this 
case, the data line is electrically connected to the Source 
region through a first contact hole formed in the lower 
interlevel insulating film. On the other hand, the pixel 
electrode is electrically connected to the drain region 
through a Second contact hole formed in the lower interlevel 
insulating film and the upper interlevel insulating film. 

0059. In such a configuration, the data line and the pixel 
electrode are formed on different layers from each other, 
hence these do not short-circuit each other even if they are 
formed at a position in which they overlap with each other. 
The periphery of the pixel electrode can therefore be 
arranged above the data line and the Scanning line. 

0060. As a result, no planar gap is present between the 
data line or Scanning line and the pixel electrode. The data 
line and the Scanning line can therefore function as a black 
matrix having a light-shielding function. Accordingly, it is 
not required to form a light Shielding layer as the black 
matrix by an additional process. 
0061 Because the range capable of forming the pixel 
electrode is expanded, the aperture ratio of the pixel region 
is increased, resulting in a bright display. 

0.062. It is preferable that the pixel electrode formed of a 
conductive coating film be electrically connected to the 
drain electrode through a conductive Sputtering film. 

0.063. Because the Sputtering film has a lower contact 
resistance than that of the conductive coating film, the 
contact resistance can be reduced by positioning the con 
ductive Sputtering film between the conductive coating film 
and the Source region. 

0064. It is preferable the conductive sputtering film be a 
Sputtering ITO film So as not to decrease the aperture ratio. 

0065. When the conductive coating film and the conduc 
tive Sputtering film have the same pattern, the accuracy in 
the patterning of the pixel electrode can be improved, 
because a resist film can be formed on only the conductive 
coating film having high adhesiveness to the resist mask, and 
the conductive coating film and the conductive Sputtering 
film can be simultaneously patterned. Resist mask formation 
on the conductive Sputtering film having low adhesiveness 
to the resist mask is not required, and a decrease in accuracy 
in the patterning can be avoided. 
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0066. When the conductive coating film and the conduc 
tive Sputtering film do not have the same pattern, it is 
preferable that the periphery of the conductive coating film 
lies outside of the periphery of the conductive Sputtering 
film. 

0067. Resist masks are separately formed on the conduc 
tive coating film and the conductive Sputtering film and are 
Separately Subjected to Sputtering by different Steps. The 
accuracy of the patterning for the periphery of the pixel 
electrode depends on the accuracy of the patterning for the 
conductive coating film having a larger patterning dimen 
sion than that of the conductive sputtering film. The low 
accuracy of the patterning for the conductive Sputtering film 
having low adhesiveness to the resist mask does not affect 
the accuracy of the patterning for the pixel electrode. 
0068. When the conductive sputtering film and the data 
line are present in the same layer, these can be Simulta 
neously formed of the same metal material. 
0069. Alternatively, the conductive sputtering film may 

lie above the data line. In this case, as these layers are 
formed by different steps, these layers may be formed of the 
Same material or different materials. 

0070 The interlevel insulating film may include a lower 
interlevel insulating film at the lower Side and an upper 
interlevel insulating film deposited on the Surface of the 
lower interlevel insulating film, and the data line and the 
conductive Sputtering film may be formed on the Surface of 
the upper interlevel insulating film. The data line is electri 
cally connected to the Source region through a first contact 
hole formed in the lower interlevel insulating film. On the 
other hand, the conductive Sputtering film is electrically 
connected to the drain region through a Second contact hole 
formed in the upper interlevel insulating film and the lower 
interlevel insulating film. The conductive coating film is 
deposited on the Surface of the conductive Sputtering film. 
0071 Alternatively, the data line and the conductive 
Sputtering film may be formed in the same layer on the 
Surface of the lower interlevel insulating film. In this case, 
the data line is electrically connected to the Source region 
through a first contact hole formed in the lower interlevel 
insulating film. The conductive Sputtering film is electrically 
connected to the drain region through a Second contact hole 
formed in the lower interlevel insulating film. Further, the 
conductive coating film is deposited on the Surface of the 
upper interlevel insulating film, and electrically connected to 
the conductive Sputtering film through a third contact hole 
formed in the upper interlevel insulating film. 
0072. In accordance with another embodiment, a liquid 
crystal panel comprises: 

0073 an active matrix substrate provided with the 
abovementioned thin film device, 

0074 a counter substrate facing the active matrix 
Substrate, and 

0075 a liquid crystal layer encapsulated between 
the active matrix Substrate and the counter Substrate. 

0076. In accordance with a further embodiment, an elec 
tronic device comprises the liquid crystal panel. 

0077. In these cases, the cost reduction in the thin film 
device enables drastic cost reduction of the liquid crystal 
panel and the electronic device using the liquid crystal panel. 



US 2002/0074547 A1 

0078. In the above-mentioned solution coating step, it is 
preferable that the Solution be applied to only the coating 
region on the Substrate to form a patterned coating film on 
the Substrate, because a photolithographic process including 
many Steps is not required. According to this process, 
consumption of the coating Solution decreases and thus the 
operation cost can be reduced. 
0079. In accordance with still another embodiment of the 
present invention, a method for making a thin film device is 
characterized in that a patterned coating film is formed on 
the substrate by: 

0080 preparing a coating solution dispenser head 
provided with a plurality of liquid discharging 
nozzles, and 

0081 discharging the coating solution onto only the 
coating region on the Substrate while relatively 
changing the positions of the Substrate and the liquid 
discharging nozzles. 

0082) This method can be achieved by, for example, an 
inkjet process. Because the coating Solution is not wasted 
and no photolithographic process is required, this method 
greatly contributes to the investment cost reduction and 
improved throughput. For example, in conventional coating 
techniques only approximately 1% of a dropped resist has 
been used as a coating film, whereas in the present invention 
10% or more of a dropped resist can be used as a coating 
film. Of course, Such a high coating efficiency holds for the 
other coating films in the present invention, and thus the 
reduced use of the coating materials and the reduced time in 
the coating processes enable the cost reduction of liquid 
crystal display devices. 
0.083. It is preferable that these nozzles be independently 
controlled to discharge or not to discharge the coating 
Solution, and positions of the Substrate and the discharge 
nozzles be relatively changed while controlling the coating 
timing on the nozzle. More precise pattern coating can 
thereby be achieved. 
0084. Such a coating process is applicable to coating of 
various coating Solutions for forming coating films by other 
than coating of the resist for forming a resist pattern. For 
example, if an insulating coating film is pattern-coated, a 
contact hole can be formed Simultaneously with the coating. 
0085. As described above, in accordance with the present 
invention, a part or all of the thin films can be formed by 
applying and annealing a Solution, hence a thin film device 
can be produced with an inexpensive production unit having 
a high throughput. 

BRIEF DESCRIPTION OF DRAWINGS 

0.086 FIG. 1 is a block diagram of a coating film 
deposition unit used in a first embodiment in accordance 
with the present invention; 
0.087 FIG. 2 is a block diagram of another coating film 
deposition unit used in a first embodiment in accordance 
with the present invention; 
0088) 
TFT, 

0089 FIG. 4 is a cross-sectional view of a reverse 
Stagger-type TFT, 

FIG. 3 is a cross-sectional view of a coplanar-type 
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0090 FIG. 5 is a block diagram of an in-line-type coating 
film deposition unit used in a first embodiment in accor 
dance with the present invention; 
0091 FIG. 6 is a block diagram of another in-line-type 
coating film deposition unit used in a first embodiment in 
accordance with the present invention; 
0092 FIG. 7 is a block diagram of a silicon-coating film 
deposition unit used in a first embodiment in accordance 
with the present invention; 
0093 FIG. 8 is a block diagram of another silicon 
coating film deposition unit used in a first embodiment in 
accordance with the present invention; 
0094 FIG. 9 is a flow chart illustrating a method for 
metal-plating onto an ITO coating film Surface; 
0.095 FIG. 10 is a cross-sectional view of a production 
Step of a coplanar-type TFT using an insulating layer con 
taining an impurity in accordance with the present invention; 
0096 FIG. 11 is a cross-sectional view of a production 
Step of a reverse Stagger-type TFT using an insulating layer 
containing an impurity in accordance with the present inven 
tion; 
0097 FIG. 12 is a block diagram of a solution coating 
unit used in a first embodiment in accordance with the 
present invention; 
0.098 FIG. 13 is an outlined schematic view illustrating 
a state of the solution coating unit of FIG. 12 after spin 
coating, 
0099 FIG. 14 is a block diagram of another solution 
coating unit in accordance with the present invention; 
0100 FIG. 15 is an enlarged partial view of the solution 
coating unit shown in FIG. 14; 
0101 FIG. 16 is an enlarged partial view of the solution 
coating unit shown in FIG. 14; 
0102 FIG. 17 is a schematic view of a TFT substrate 
forming a liquid crystal display device; 
0.103 FIG. 18 is an enlarged plan view of a portion of a 
pixel region independently formed on an active matrix 
Substrate for a liquid crystal display device in accordance 
with a Second embodiment of the present invention; 
0104 FIG. 19 is a cross-sectional view taken along 
section I-I" of FIG. 18; 
0105 FIG. 20 is a cross-sectional view illustrating a 
method for making the active matrix Substrate shown in 
FIG. 19; 
0106 FIG. 21 is a cross-sectional view illustrating the 
steps performed after the steps shown in FIG. 20; 
0107 FIG. 22 is an enlarged plan view of a portion of a 
pixel region independently formed on an active matrix 
Substrate for a liquid crystal display device in accordance 
with a third embodiment of the present invention; 
0.108 FIG. 23 is a cross-sectional view taken along 
section II-II' of FIG. 22; 

0109 FIG. 24 is a cross-sectional view illustrating the 
steps performed after the steps shown in FIG. 20 in the 
production of the active matrix substrate shown in FIG.22; 
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0110 FIGS. 25(A) and 25(B) are enlarged longitudinal 
croSS-Sectional views near contact holes of a comparative 
example and an example in accordance with the present 
invention, respectively; 

0111 FIG. 26 is a cross-sectional view of a structure in 
accordance with a fourth embodiment of the present inven 
tion, taken along section II-II' of FIG. 22; 

0112 FIGS. 27(A) to 27(E) are cross-sectional views of 
a method for making the active matrix Substrate shown in 
FIG. 26; 

0113 FIGS. 28(A) to 28(E) are cross-sectional views of 
the steps performed after the steps shown in FIG. 27; 
0114 FIG. 29 is an enlarged plan view of a portion of a 
pixel region independently formed on an active matrix 
Substrate for a liquid crystal display device in accordance 
with a fifth embodiment of the present invention; 
0115 FIG. 30 is a cross-sectional view taken along 
section III-III' of FIG. 29; 

0116 FIGS. 31(A) to 31(F) are cross-sectional views 
illustrating the steps performed after the steps shown in FIG. 
27 in the production of the active matrix substrate shown in 
FIG. 29; 

0117 FIG. 32 is an enlarged plan view of a portion of a 
pixel region independently formed on an active matrix 
Substrate for a liquid crystal display device in accordance 
with a sixth embodiment of the present invention; 
0118 FIG. 33 is a cross-sectional view taken along 
section IV-IV of FIG. 32; 

0119 FIGS. 34(A) to 34(D) are cross-sectional views 
illustrating the steps performed after the steps shown in FIG. 
27 in the production of the active matrix substrate shown in 
FIG. 32: 

0120 FIG. 35 is an enlarged plan view of a portion of a 
pixel region independently formed on an active matrix 
Substrate for a liquid crystal display device in accordance 
with a seventh embodiment of the present invention; 
0121 FIG. 36 is a cross-sectional view taken along 
section V-V of FIG. 35; 

0122 FIGS. 37(A) to 37(C) are cross-sectional views 
illustrating the steps performed after the steps shown in FIG. 
27 in the production of the active matrix substrate shown in 
FIG.35; 

0123 FIGS. 38(A) and 38(B) are schematic views of 
active matrix Substrates for liquid crystal display devices in 
accordance with another embodiment; 

012.4 FIGS. 39(A) and 39(B) are enlarged longitudinal 
croSS-Sectional views near contact holes of a comparative 
example and an example in accordance with the present 
invention, respectively; 
0.125 FIG. 40 is a block diagram of a liquid crystal 
display device included in an electronic device in accor 
dance with an eighth embodiment of the present invention; 

0.126 FIG. 41 is an outlined cross-sectional view of a 
projector as an example of the electronic device using the 
liquid crystal display device of FIG. 40; 
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0127 FIG. 42 is a schematic view of a personal computer 
as another example of the electronic device; 
0128 FIG. 43 is an assembly view of a pager as a further 
example of the electronic device; and 
0.129 FIG. 44 is a schematic view of a liquid crystal 
display device provided with a TCP. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.130. The present invention will now be described in 
detail with reference to the drawings. 

First Embodiment 

0131) (Illustration of Thin Film Device Structure) 
0132) Two examples of thin film devices including TFTs 
are shown in FIGS. 3 and 4. 

0.133 FIG. 3 is a cross-sectional view of a TFT using a 
coplanar-type polycrystalline Silicon. An insulating under 
layer 12 is formed on a glass Substrate, and a polycrystalline 
silicon TFT is formed thereon. In FIG. 3, the polycrystalline 
Silicon layer 14 comprises a Source region 14S and a drain 
region 14D which are highly doped with an impurity, and a 
channel region 14C therebetween. 
0.134. A gate insulating film 16 is formed on the poly 
crystalline Silicon layer 14 and a gate electrode 18 and a gate 
line (not shown in the drawing) are formed thereon. A pixel 
electrode 22 composed of a transparent electrode film is 
connected to the drain region 14D through an opening 
section formed in an interlevel insulating film 20 and the 
gate insulating film 16 thereunder, and a Source line 24 is 
connected to the Source region 14S. A topmost protective 
film 26 may be omitted. The insulating underlayer 12 is 
provided for the purpose of prevention of contamination 
from the glass substrate 10 and of conditioning of the surface 
for forming the polycrystalline Silicon film 14, and may be 
omitted in Some cases. 

0.135 FIG. 4 is a cross-sectional view of a reverse 
Stagger-type amorphous Silicon TFT. An insulating under 
layer 32 is formed on a glass Substrate 30, and an amorphous 
silicon TFT is formed thereon. The insulating underlayer 32 
is often omitted. In FIG. 4, a layer or a plurality of layers 
of gate insulating films 36 are formed under a gate electrode 
34 and a gate line connected thereto. On the gate electrode 
34, an amorphous Silicon channel region 38C is formed, and 
a source region 38S and a drain region 38D are formed by 
diffusing an impurity into the amorphous Silicon. A pixel 
electrode 40 is electrically connected to the drain region 38D 
through a metal lead layer 42, and a Source line 44 is 
electrically connected to the source region 38S. The metal 
lead layer 42 and the Source line are Simultaneously formed. 
0.136. A channel protective film 46 is formed on the 
channel region 38C to protect the channel region 38C during 
etching of the source region 38S and the drain region 38D, 
and may be omitted in Some cases. 
0137 FIGS. 3 and 4 show basic TFT structures, and 
these structures may have a very wide range of modifica 
tions. For example, in order to increase the aperture ratio in 
the coplanar-type TFT in FIG. 3, a second interlevel insu 
lating film may be provided between the pixel electrode 22 
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and the Source line 24 to decrease the gap between the pixel 
electrode 22 and the Source line 24. Further, in order to 
decrease the wiring resistance of the gate line not shown in 
the drawing and the Source line 24 which are connected to 
the gate electrode 18 and to increase the wiring length, the 
gate line and the Source line may be formed of multiple 
layers. A light Shielding layer may be formed on or under the 
TFT element. In the reverse stagger-type TFT in FIG. 4, the 
wiring lines and the insulating film may be formed of 
multiple layerS for the purpose of improvement in the 
aperture ratio, a decrease in the wiring resistance and a 
decrease in defects. 

0138 Most of these modifications to the basic structures 
in FIGS. 3 or 4 involve an increase in the number of thin 
layers deposited to form the TFT. 

0.139. The following example shows a case in which 
various thin films in the thin film monolithic structures 
shown in FIGS. 3 and 4 are formed by coating films which 
require no vacuum System. 

0140 (Method for Forming Insulating Coating Film) 
0141 FIG. 1 shows a coating film deposition unit which 
forms a thin film, e.g. an insulating film, by applying and 
annealing a Solution. The Solution which becomes the insu 
lating film by annealing after coating contains a polysilaZane 
(generic name for polymers having Si-N bonds). A typical 
polysilaZane is polyperhydroSilaZane represented by 
SiH-NH), wherein n is an integer. The compound is 
commercially available under the commercial name “Tonen 
PolysilaZane', which is manufactured by Tonen Corpora 
tion. If alkyl groups, e.g. methyl groups or ethyl groups, are 
substituted for hydrogen atoms in SiHNH), the compound 
is called organic polysilaZane to distinguish it from inor 
ganic polysilaZane. In this embodiment, it is preferable that 
inorganic polysilaZanes be used. 

0142. After a polysilazane is mixed with a solvent such as 
Xylene, the Solution is applied onto a Substrate by Spin 
coating. The coating film is converted to SiO2 by annealing 
in a Steam- or oxygen-containing atmosphere. 

0143 A film for comparison is a spin-on-glass (SOG) 
film which is converted to an insulating film by annealing 
after coating. The SOG film is composed of a polymer 
having siloxane bonds as a basic structure. The SOG poly 
mers include organic polymers having alkyl groups and 
inorganic polymers not having alkyl groups, and alcohols 
and the like are used as solvents. The SOG film is used as 
an interlevel insulating film in an LSI for the purpose of 
planarization. The organic SOG film is readily etched during 
an oxygen plasma process, whereas the inorganic SOG film 
readily forms cracks even if it has a thickness of Several 
hundred angstroms, hence these films are not used as a 
Single layer of insulating film, but are used as a planarization 
layer on a CVD insulating film. 

0144. In contrast, polysilaZane has high crack resistance 
and oxygen plasma resistance, and can be used as a Single 
layer of insulating film having an appropriate thickness. A 
case using polysilaZane will now be described. 

0145. In the present invention, at least one layer, and 
preferably a plurality of layers, in the thin film monolithic 
structure are formed of coating films other than the SOG film 
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which has siloxane bonds as a basic Structure. Additional 
SOG films can be used within the range satisfying the above 
condition. 

0146 In FIG. 1, a loader 101 separately removes a 
plurality of Substrates Stored in a cassette and moves the 
glass Substrates onto a spin coater 102. In the Spin coater 
102, as shown in FIG. 12, a substrate 132 is fixed by 
vacuum on a stage 130, and then a polysilazane solution 138 
is dropped onto the substrate 132 through a nozzle 136 of a 
dispenser 134. A mixed Solution of polysilaZane and Xylene 
is Stored in a container called a canister at a Solution Storage 
Section 105 shown in FIGS. 1 and 12. The mixed Solution 
of polysilaZane and Xylene is Supplied to the dispenser 134 
from the Solution Storage Section 105 through a feeding pipe 
140 and is coated onto the Substrate. Then, as shown in FIG. 
13, the polysilazane solution 138 is dispersed onto the entire 
Surface of the glass Substrate 132 by the rotation of the Stage 
130. Most of xylene is evaporated in this process. A control 
section 106 shown in FIG. 1 controls the speed and time of 
rotation of the stage 130 to increase the speed to 1,000 rpm 
in Several Seconds, to maintain 1,000 rpm for approximately 
20 Seconds, and to Stop the rotation after Several Seconds. In 
Such a coating condition, the polysilaZane coating film has 
a thickness of approximately 7,000 angstroms. Next, the 
glass Substrate is transferred to an annealing Section 103 and 
annealed at a temperature of 100 to 350° C. for 10 to 60 
minutes in a Steam atmosphere to modify the polysilaZane to 
SiO. A temperature control section 107 controls the anneal 
ing step. The length of the annealing Section 103 and the 
capacity for holding the Substrates in the annealing Section 
103 is determined so as to match the tact? time of the spin 
coater 102 with the annealing time in order to enhance the 
performance of the coating-type insulating film deposition 
unit. Because the polysilaZane Solution contains, for 
example, Xylene, and because hydrogen and ammonia form 
during the modification, at least the Spin coater 102 and the 
annealing section 103 require a ventilating system 108. The 
glass Substrate provided with the insulating film formed 
during the annealing process is Stored into a cassette by an 
unloader 104. 

0147 The coating-type insulating film deposition unit of 
the present invention shown in FIG. 1 has a significantly 
Simplified System configuration compared to conventional 
CVD systems, and thus the price of the unit is remarkably 
decreased. Further, the unit has a higher throughput than the 
CVD Systems, decreased maintenance, and a high network 
ing rate. These advantages enables drastic cost reduction of 
liquid crystal display devices. 

0.148. The coating-type insulating film deposition unit 
shown in FIG. 1 can form all the insulating films shown in 
FIG. 3; that is, the insulating underlayer 12, the gate 
insulating layer 16, the interlevel insulating film 20 and the 
protective film 26. When an additional insulating layer is 
formed between the pixel electrode 22 and the source 
electrode 24, the formation of the coating film using the unit 
shown in FIG. 1 is particularly effective for planarization of 
the Surface of the additional insulating layer. The insulating 
underlayer 12 and the protective film 26 may be omitted in 
SOC CSCS. 

0149 Because the gate insulating film 16 is an important 
insulating film determining electrical characteristics of the 



US 2002/0074547 A1 

TFT, interfacial characteristics between the film and the 
Silicon film, as well as the film thickness and the film quality, 
must be controlled. 

0150. In order to achieve such control, it is preferred to 
clean the surface of the silicon film 14 before forming the 
gate insulating film 16 by coating, and to use a coating-type 
insulating film deposition unit shown in FIG. 2. The unit 
shown in FIG. 2 is provided with a first annealing section 
103A having the Same function as the annealing Section of 
the unit shown in FIG. 1, and a Second annealing Section 
103B in front of an unloader 104. After the annealing in the 
first annealing Section 103A, the Second annealing Section 
103B preferably performs an annealing process at a tem 
perature of 400 to 500 C., which is higher than the 
annealing temperature of the first annealing Section 103A, 
for 30 to 60 minutes, or an annealing process at a high 
temperature for a short period, Such as by lamp annealing or 
laser annealing. 

0151. As a result, the insulating films such as the gate 
insulating film 16 are further densified and have improved 
film quality and interfacial characteristics as compared to the 
annealing only in the annealing Section shown in FIG. 1. 

0152 Regarding the interfacial characteristics, a CVD 
film formed in a vacuum atmosphere can be easily con 
trolled compared to the insulating coating film. When a high 
performance TFT is required, therefore, the gate insulating 
film may be formed of a CVD film and the other insulating 
films in the TFT may be formed of insulating coating films 
in accordance with the present invention. 
0153. In the TFT structure in FIG. 4, the insulating 
underlayer 32, the gate insulating film 36 and the channel 
protective film 46 can use the insulating coating film of the 
present invention. 
0154 (Method for Forming Silicon Coating Film) 
O155 Using a coating Solution containing Silicon par 
ticles, which is stored in the solution storage section 105 
shown in FIGS. 1 or 2, a silicon coating film can be formed 
using the same unit shown in FIGS. 1 or 2. 
0156 The size of the silicon particles contained in the 
coating Solution ranges, for example, from 0.01 to 10 um. 
The size of the silicon particles is determined by the thick 
neSS of the Silicon coating film. In the Silicon particles 
obtained by the present inventors, particles of approximately 
1 um occupy 10%, and those of 10 um or less occupy 95%. 
The Silicon particles having Such a size distribution are 
further pulverized with a pulverizer to obtain Silicon par 
ticles having a desired size distribution. 
O157 The silicon particles having a given size distribu 
tion are Stored in the Solution Storage Section 105 as a 
Suspension in a Solvent Such as alcohol. The Suspension 
composed of the Silicon particles and alcohol is discharged 
onto a substrate transferred onto the spin coater 106 from the 
loader 105. The stage 130 is rotated under the same coating 
condition as in the insulating coating film to disperse the 
coating film of the Silicon particles on the Substrate, wherein 
most of alcohol is evaporated. 

0158 Next, the Substrate is annealed in the annealing 
section 103 or the first annealing section 103A under the 
Same annealing condition as in the insulating coating film. 
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The Silicon particles react with each other to form a crys 
tallized silicon film on the Substrate. 

0159. In the case using the unit in FIG. 2, the substrate 
is further annealed in the second annealing section 103B at 
a higher temperature than that in the first annealing Section 
103A. It is preferable that the annealing be performed in a 
Short time by laser annealing or lamp annealing. 
0160 Reannealing in the second annealing section 103B 
improves crystallinity and density in the Silicon film and 
adhesion to other films, as compared to the annealing only 
in the first annealing section 103A. 
0161 FIGS. 5 and 6 are block diagrams of film depo 
Sition units for continuously forming a Silicon coating film 
and an insulating coating film. 
0162. In the film deposition unit in FIG. 5, a loader 101, 
a first spin coater 102A, a first annealing section 103A, a 
second annealing section 103B, a second spin coater 102B, 
an annealing section 103 and an unloader 104 are in-line 
connected. The first spin coater 102A is connected with a 
first Solution Storage Section 105A Storing a Suspension of 
silicon particles and alcohol and a first control section 106A. 
The second spin coater 102B is connected with a second 
solution storage section 105B storing a mixed solution of 
polysilaZane and Xylene and a Second control Section 106B. 
0163) When using the unit in FIG. 5, the number of 
loading and unloading Steps each decreases once and the 
throughput is further improved. 
0164. The film deposition unit in FIG. 6 is a modification 
of the film deposition unit in FIG. 5, in which the second 
annealing Section 103B is placed after the annealing Section 
103 for the insulating coating film. In this case, the silicon 
film provided with an insulating cap layer is crystallized in 
the Second annealing Section 103B by laser annealing or the 
like. Because the insulating layer decreases reflectance of 
the Silicon Surface, the laser energy is effectively absorbed in 
the silicon film. Further, the silicon film has a smooth 
Surface after the laser annealing. 
0.165. The annealing section 103 and the second anneal 
ing section 103B in FIG. 6 may be unified into a common 
annealing Section. In this case, the common annealing 
Section can Simultaneously perform firing of the insulating 
coating film and annealing for crystallization of the Silicon 
film thereon. 

0166 (Another Method for Forming Silicon Coating 
Film) 
0.167 FIG. 7 shows a coating-type silicon film deposition 
unit in which a Silicon film is formed by coating and 
annealing of a coating Solution. Monosilane (SiH) and 
disilane (SiH) are used for forming a silicon film in a CVD 
process, whereas higher Silanes Such as disilane and trisilane 
(Si-Hs) are used in the present invention. Boiling points of 
silanes are -111.9 C. for monosilane, -14.5 C. for disilane, 
52.9° C. for trisilane, and 108.1° C. for tetrasilane (SiH), 
respectively. MonoSilane and disilane are therefore gaseous 
at room temperature and pressure, whereas higher Silanes 
Such as trisilane are liquid. AS disilane is liquified at minus 
Several tens C., it can be used as a coating film. Hereinafter, 
a case using trisilane will be primarily described. 
0.168. In FIG. 7, after glass substrates are separately 
taken out by a loader 201 from a cassette and transferred into 



US 2002/0074547 A1 

a load lock chamber 202, the load lock chamber 202 is 
evacuated by a ventilating System 711. After evacuating at a 
given preSSure, the glass Substrate is transferred onto a spin 
coater 203 which is also evacuated at a Similar preSSure, and 
trisilane in a trisilane Storage Section 207 is applied onto the 
glass Substrate through a dispenser. The Spin coater 203 
rotates at a rate of 100 to 2,000 rpm for several seconds to 
20 Seconds to spin-coat trisilane. The glass Substrate after 
spin-coating trisilane is immediately transferred to a first 
annealing Section 204 having a similar reduced pressure as 
above, and annealed at 300 to 450° C. for several tens of 
minutes to form a silicon film with a thickness of several 
hundred angstroms. Then, the glass Substrate is transferred 
to a Second annealing Section 205 having a similar reduced 
preSSure as above, and annealed at a high temperature for a 
Short time by laser or lamp annealing. The Silicon film is 
thereby crystallized. After this, the glass Substrate is trans 
ferred to a load lock chamber 206, and is transferred to an 
unloader 207 to a cassette after the load lock chamber 206 
is released to atmospheric pressure with gaseous nitrogen. 

0169 Preferably, two ventilating systems 211 are pro 
Vided, that is, one connected to the two load lock chambers 
202 and 206 and the other connected to the spin coater 203 
and the first and second annealing sections 204 and 205. The 
spin coater 203, the first annealing section 204 and the 
Second annealing Section 205 are always evacuated by the 
ventilating System 211 to maintain a reduced pressure (near 
1.0 to 0.5 atmospheres) of an inert atmosphere, in order to 
prevent leakage of gaseous toxic Silanes. The threshold limit 
value (TLV) of monosilane is 5 ppm, and it is considered 
that higher Silanes Such as disilane have Similar TLVs. 
Silanes Spontaneously burn at room temperature in air and 
explosively burn at high temperatures. Thus, at least the 
ventilating system 211 connected to the spin coater 203 and 
to the first and second annealing sections 204 and 205 is 
connected to an exhaust gas disposal unit 212 which makes 
silanes non-toxic. The processing chambers 201 to 207 in 
FIG. 7 are coupled with each other with gate valves which 
open and close when the glass SubStrate is transferred So that 
gaseous Silanes do not flow into the two load lock chambers. 

0170 The main section of the spin coater 203 is substan 
tially the same as in FIG. 12, and in FIG. 7. Preferably the 
temperature at the Stage, on which the glass Substrate is fixed 
by vacuum, is controlled by a temperature controlling Sec 
tion 210. The temperature is controlled to room temperature 
and preferably approximately 0°C. when using trisilane, or 
at -40°C. or less and preferably -60C. or less when using 
disilane. It is preferable that the solution storage section 208 
for disilane or trisilane and a feed line (not shown in the 
drawing) be controlled to a temperature similar to the Stage 
temperature by the temperature control Section 210. 

0171 Disilane or trisilane must be applied as a liquid at 
a temperature lower than its boiling point. Because trisilane 
has a vapor pressure of approximately 0.4 atm at room 
temperature and preSSure and disilane has a vapor pressure 
of approximately 0.3 atm at -40° C. and ordinary pressure, 
it is preferable that the temperature of the Silane and Sub 
Strate be decreased as much as possible in order to reduce the 
Vapor pressure as much as possible. 

0172 The spin coater 203 and the first and second 
annealing sections 204 and 205 may be pressurized with an 
inert gas in order to further reduce the vapor pressure of 
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disilane or trisilane and improve the uniformity of the 
coating film. AS the boiling temperature of disilane or the 
like increases in the pressurized State and the vapor preSSure 
decreases at a given temperature, the Spin coater 203 can be 
Set at a temperature higher than the above-mentioned tem 
perature and near the room temperature. In this case, it is 
preferable that each chamber has a double layer Structure in 
View of leakage of trisilane or the like, in which an outer 
Structure is provided out of the preSSurized Structure and 
leaked Silane or the like in the outer Structure is evacuated 
through another ventilating System. The exhaust gas is 
disposed in the exhaust gas disposal unit 212. 
0173 Also, silane gas remaining in the spin coater 203 
and the first and second annealing section 204 and 205 is 
evacuated by the ventilating System 211. 
0.174. In FIG. 8, the silicon film deposition unit shown in 
FIG. 7 and the insulating film deposition unit shown in FIG. 
1 are in-line-connected to each other. In other words, the 
Spin coating Section 102 and the annealing Section 103 
shown in FIG. 1 are introduced between the second anneal 
ing section 205 and the load lock chamber 206 in FIG. 7. 
0175. In FIG.8, the steps for crystallizing the silicon film 
in the Second annealing Section 205 by laser annealing are 
the same as the steps in the unit shown in FIG. 7. The 
crystallized Silicon film is transferred onto the Spin coater 
102 to apply a polysilazane or inorganic SOG film. The 
coating film is modified into an insulating film in the 
annealing section 103. 

0176) The spin coater 203 and the first and second 
annealing sections 204 and 205 are under reduced pressure 
of an inert gas atmosphere as in FIG. 7. The spin coater 102 
for the insulating film and the annealing Section 103 are 
under ordinary pressure in FIG. 1, whereas those in FIG. 8 
are under reduced pressure of an inert gas atmosphere. These 
chambers are evacuated by the ventilating system 108. 

0177. The silicon film formed by the unit shown in FIG. 
8 is not exposed to open air, because the insulating film is 
formed on the silicon film in the inert atmosphere. The 
interface between the Silicon film and the insulating film is 
therefore controlled to determine characteristics of the TFT 
element, resulting in improvement in the characteristics of 
the TFT element and uniformity of these characteristics. 
0178. In FIG. 8 the insulating film on the silicon film is 
formed after crystallization of the silicon film. However, the 
insulating film may be formed after the first annealing Step 
of the silicon film and the silicon film may be crystallized 
after annealing of the insulating film. Also, in this case, the 
Silicon film provided with the insulating cap layer is crys 
tallized by laser annealing as in FIG. 6. Because the 
insulating film decreases the reflectance of the Silicon Sur 
face, laser energy is effectively absorbed in the Silicon film. 
The Silicon film has a Smooth Surface after the laser anneal 
Ing. 

0179 (Method for Diffusing Impurity into Silicon Coat 
ing Film) 
0180 Although an impurity may be diffused into a silicon 
film using a conventional ion implanting System, it is 
preferable that an insulating layer containing an impurity be 
applied onto the Silicon layer and then the impurity be 
diffused into the underlying silicon film. 
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0181. The insulating layer containing the impurity may 
be formed by the unit shown in FIG. 2. In this embodiment, 
an SOG film containing phosphorus glass or boron glass is 
applied as a coating film containing an impurity. When 
forming an n-type high-impurity region, the SOG film as a 
coating film containing an impurity is formed using a 
Solution composed of a siloxane polymer and an ethanol or 
ethyl acetate Solvent (Si content: Several wt %), and con 
taining several hundred ug of POs per 100 ml of Solution. 
0182. In this case, the coating solution is stored in the 
solution storage section 105 in FIG. 2 and applied onto the 
substrate by the spin coater 102. The substrate on the spin 
coater 102 is rotated at several thousand rpm to obtain an 
SOG film with a thickness of several thousand angstroms. 
The coating film containing the impurity is annealed at 300 
to 500 C. in the first annealing section 103A to form a 
phosphorus glass film containing Several mol percent of 
POs. The TFTSubstrate provided with the phosphorus glass 
film is annealed in the Second annealing Section 103 at a high 
temperature for a short time by laser annealing, Such that the 
impurity in the SOG film is diffused into the underlying 
Silicon film and a high impurity region is formed in the 
silicon film. The TFT substrate is stored into a cassette by the 
unloader 104. 

0183 In the formation of the source and drain regions, 
both the coating Step and the annealing Step at a high 
temperature for a short time can be completed within one 
minute, resulting in high productivity. Although the anneal 
ing Step requires Several tens of minutes, the tact time can be 
reduced by optimizing the length and structure of the 
annealing oven. 

0184 FIGS. 10 and 11 are cross-sectional views of TFTs 
provided with the coating film containing the impurity. FIG. 
10 shows a coplanar-type TFT corresponding to that in FIG. 
3, in which an insulating underlayer 12 is formed on a glass 
Substrate 14, and a Silicon layer 14 is pattern-formed 
thereon. A gate insulating film 16 is removed by etching 
using a gate electrode 18 as a mask, a Silicon layer is 
temporally exposed in regions which will be a Source and a 
drain. The coating film 50 containing the impurity is formed 
So as to come into contact with the Source and drain regions 
14S and 14D in the silicon film. Phosphorus contained in the 
coating film 50 is diffused into the silicon film by the 
high-temperature, short-time annealing Step and n-type 
Source and drain regions 14S and 14D having sheet resis 
tances of 1 KS2/D are formed. 

0185. As shown in the cross-sectional view of the TFT 
shown FIG. 3, the following steps include forming an 
interlevel insulating film, providing a contact hole, forming 
a pixel electrode and forming Source wiring. In the forma 
tion of the interlevel insulating film, the interlevel insulating 
film may be formed of a coating film after the coating film 
50 containing the impurity is removed, or the interlevel 
insulating film may be formed on the coating film 50 
containing the impurity. AS the method for forming the 
interlevel insulating film on the coating film 50 containing 
the impurity forms two insulating layers, the occurrence of 
Short-circuits between the Source line and the gate line in the 
liquid crystal display device is decreased. 
0186 FIG. 11 shows a reverse stagger-type TFT corre 
sponding to that in FIG. 4, in which an insulating underlayer 
32 is formed on a glass substrate 30, and a gate electrode 35 
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is formed thereon. A silicon layer 33 is pattern-formed 
through a gate insulating film. An insulating film 52 func 
tions as a protective film in the channel region and also as 
a mask to impurity diffusion, and is formed of an insulating 
coating film. 
0187. An insulating film 54 containing an impurity is 
formed as an insulating coating film in contact with the 
insulating film 52 as the mask and regions of the Silicon film 
33 which will be a source region33S and a drain region33.D. 
When the insulating film 54 containing the impurity is 
annealed at a high temperature for a short time, phosphorus 
contained in the insulating film is diffused into the Silicon 
film 33 and n-type source and drain regions 33S and 33D 
having sheet resistances of approximately 1 KS2/O are 
formed. 

0188 As shown in the cross-sectional view of the TFT 
shown FIG. 4, after the insulating film 54 containing the 
impurity is removed, a pixel electrode, Source wiring, a drain 
electrode and connecting Sections are formed in that order. 
0189 In accordance with the present invention, the 
Source and drain regions in the coplanar-type TFT are 
formed by forming a coating film and the Succeeding 
high-temperature, Short-time annealing instead of a conven 
tional ion implanting or an ion doping. Hence a TFT can be 
made using an inexpensive unit having a high throughput. In 
the reverse stagger-type TFT shown in FIG. 4, the source 
and drain regions are formed by the high-temperature, 
Short-time annealing Step instead of the CVD process. 
Hence a liquid crystal display device can be made using an 
inexpensive unit having a high throughput as in the copla 
nar-type TFT. 
0.190 (Method for Forming Conductive Coating Film) 
0191 Amethod for forming a conductive coating film by 
applying a Solution containing conductive particles will now 
be described. The conductive coating film is also made using 
the unit shown in FIG. 1 or FIG. 2. The liquid stored in the 
solution storage section 105 in FIG. 1 or FIG. 2 is a 
Suspension of conductive fine particles composed of metal 
or the like in, for example, an organic Solvent. For example, 
a dispersion of silver particles with a size of 80 to 100 
angstroms in an organic Solvent, Such as terpineol or toluene, 
is discharged onto the Substrate through the Spin coater 102. 
The Substrate is rotated at 1,000 rpm to Spin-coat the coating 
Solution on the Substrate. The Substrate is annealed at 250 to 
300 C. in the annealing section in FIG. 1 or the first 
annealing section in FIG. 2 to form a conductive film with 
a thickness of Several thousand angstroms. Examples of 
conductive materials include Au, Al, Ni, Co, Cr and ITO, 
and a conductive film can be formed of particles of these 
materials using the conductive coating film deposition unit. 
0.192 Because the resulting conductive film is an aggre 
gate of fine particles and is very active, the Spin coater 102, 
the annealing Section or the first annealing Section 103A 
must be in an inert gas atmosphere. 
0193 The resistance of the conductive coating film will 
be greater by one order of magnitude than the bulk resis 
tance. In this case, the conductive coating film may be 
further annealed at 300 to 500 C. in the second annealing 
Section 103B shown in FIG. 2 to decrease the resistance of 
the conductive film. At the same time, the contact resistance 
of the source region of the TFT with the source line formed 
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of the conductive coating film, and the contact resistance of 
the drain region with the pixel electrode formed of the 
conductive coating film, can be decreased. Introduction of a 
high-temperature, short-time annealing Step by lamp or laser 
annealing will further decrease the resistance of the conduc 
tive coating film and the contact resistances. Further, a 
plurality of layerS comprising different metals may be 
formed in order to improve reliability. Since Ag is relatively 
easily oxidized in air, the formation of an Al or Cu layer, 
which is slightly oxidized in air, on the Aglayer is prefer 
able. 

0194 (Method for Forming Transparent Electrode) 
0.195 A method for a transparent electrode using an ITO 
coating film will now be described. The ITO coating film 
may also be formed using the unit shown in FIG. 2. The 
coating Solution used in this embodiment contains 8% of a 
mixture of an organic indium and an organic tin in a ratio of 
97.3 in Xylene (for example, manufactured by Asahi Denka 
Kogyo K.K., trade name: ADEKA ITO coating film/ITO 
130L). The ratio of the organic indium to the organic tin in 
the coating solution may be in a range from 99:1 to 90:10. 
The coating Solution is Stored in the Solution Storage Section 
105 in FG, 2. 

0196. The coating solution is discharged onto the Sub 
strate by the spin coater 102 and spin-coated by the rotation 
of the Substrate. 

0197) The annealing conditions of the coating film were 
as follows. First, the Substrate was annealed in an air or 
oxygen atmosphere at 250 C. to 450° C. for 30 minutes to 
60 minutes in the first annealing section shown in FIG. 2. 
Next, it was annealed in a hydrogen-containing atmosphere 
at 200° C. to 400° C. for 30 minutes to 60 minutes in the 
Second annealing Section 103B. As a result, organic com 
ponents are removed and a mixed film (ITO film) composed 
of indium oxide and tin oxide is formed. After the above 
mentioned annealing Steps, the ITO film with a thickness of 
approximately 500 angstroms to 2,000 angstroms has a sheet 
resistance of 10°C.2 per sheet to 10'S2 per sheet and a light 
transmittance of 90% or more, and exhibits satisfactory 
characteristics as the pixel electrode. Although the sheet 
resistance of the ITO film after the first annealing step is of 
the order of 10.2 per sheet to 102 per sheet, the sheet 
resistance after the Second annealing Step decreases to the 
order of 10.2 per sheet to 10'S2 per sheet. 
0198 Regarding the formation of the ITO coating film, 
the ITO film and the insulating coating film can be formed 
by an in-line process using the unit shown in FIG. 5 or FIG. 
6. The active ITO film Surface can therefore be immediately 
protected with the insulating film. 

0199 (Method for Forming Conductive Layer) 

0200. This method includes the formation of a metal 
plating layer on the ITO coating film. 

0201 FIG. 9 is a flow chart of Ni plating on the ITO 
coating film. In Step 1 of FIG. 9, the ITO film is formed by 
the above-mentioned method. In Step 2, the surface of the 
ITO coating film is slightly etched to activate the surface. In 
Step 3, as a pretreatment for Ni plating in Step 4, a Pd/Sn 
complex is adhered onto the surface of the ITO coating film 
and then Pd is precipitated on the Surface. 
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0202) In the Ni plating of Step 4, Pd precipitated on the 
ITO coating film is replaced with Ni to form a Ni plating 
layer by, for example, an electroless plating process. The Ni 
plating layer becomes more dense by annealing in Step 4. 
0203 Finally, in Step 5, a noble metal plating layer, for 
example, an Au plating layer, as an antioxidant layer is 
formed on the Ni plating layer to form a conductive layer. 
0204 Conductive layers other than the transparent elec 
trode can be formed from the ITO coating film base by 
forming plating layers. 

0205 (Coating Method other than Spin Coating) 
0206 FIGS. 14 to 16 show a coating unit which applies 
a Solution forming a thin film or a resist Solution used as a 
mask in photoresist etching. In this embodiment, a resist is 
exemplified as the Solution to be coated. The coating unit can 
be also applied to the formation of various coating films 
other than the resist coating. 
0207. In FIG. 14, a substrate 302 is fixed by vacuum on 
a stage 301. The resist is supplied to a dispenser head 304 
through a feeding pipe 306 from a Solution Storage Section 
307. The resist is applied onto the substrate 302 as numerous 
dots 303 from a plurality of nozzles 305 provided on the 
dispenser head 307. 
0208 FIG. 15 is a detailed cross-sectional view of the 
nozzle 305. The nozzle structure in FIG. 15 is similar to that 
of an inkjet printer, and the resist is discharged by vibration 
of a piezoelectric element. The resist reaches a cavity Section 
313 through an inlet section 311 and a supply port 312. A 
vibration plate 315 moves in cooperation with vibration of 
a piezoelectric element 314 in close contact with the vibra 
tion plate 315 and the volume in the cavity 313 decreases or 
increases. When the volume in the cavity 313 decreases, the 
resist is discharged from the nozzle 316, and when the 
volume in the cavity 313 increases the resist is supplied to 
the cavity 313 from the Supply port 312. As shown in FIG. 
16, for example, a plurality of nozzles 316 are two-dimen 
Sionally arranged, the resist is applied onto the entire Sub 
strate as dots by relative movement of the substrate 302 or 
the dispenser 304, as shown in FIG. 14. 
0209. In FIG. 16, the array pitches of the nozzles 316 are 
several hundred um for the lateral pitch P1 and several mm 
for the longitudinal pitch P2. The nozzle 316 has a bore of 
several tens of um to several hundred um. The volume of the 
resist discharged in a cycle ranges from Several tens of ng to 
Several hundred ng, and the diameter of the discharged 
droplets ranges from Several tens of um to Several hundred 
plm. 

0210. The applied resist dot has a circular shape of 
Several hundred um immediately after it is discharged from 
the nozzle 305. When applying the resist onto the entire 
substrate, the pitch of the dots 303 is set to several hundred 
tim and the Substrate is rotated at Several hundred to Several 
thousand rpm for Several Seconds to form a coating film 
having a uniform thickness. The thickness of the coating 
film can be controlled by the bore of the nozzle 316 and the 
pitch of the dots 303, as well as the rotation rate and time of 
the Substrate. 

0211 The resist coating process is an inkjet-type liquid 
coating proceSS and the resist is applied onto the entire 
Substrate as dots. Because the Substrate is moved or rotated 
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So as to apply the resist to nonresist portions between dots 
303, the resist is effectively used. This process is also 
applicable to the formation of the insulating film, Silicon film 
and conductive film instead of the coating process, and thus 
greatly contributes to cost reductions of liquid crystal dis 
play devices. 
0212. As the bore of the nozzle 316 can be further 
decreased in the inkjet-type liquid coating, the Solution can 
be applied to form a linear pattern with a width of 10 to 20 
lum. Use of this process in the formation of the silicon film 
or a conductive film permits direct patterning which requires 
no photolithographic process. When the design requirement 
of the TFT is several tens of um, a combination of the direct 
patterning with a coating-type thin film deposition proceSS 
permits producing liquid crystal display devices without a 
CVD System, a Sputtering System, an ion implanting System, 
an ion doping System, an exposure System and an etching 
System. In other words, liquid crystal display devices can be 
produced by an inkjet-type liquid coating unit in accordance 
with the present invention and an annealing unit Such as a 
laser or lamp annealing unit. 
0213. In the first embodiment, although a TFT active 
matrix Substrate is exemplified as a thin film device, the 
technologies in the first embodiment are also applicable to 
other active matrix Substrates, two-terminal and three-ter 
minal elements as pixel Switching elements composed of 
MIM (metal-insulator-metal) or MIS (metal-insulator-sili 
con). For example, the thin film monolithic structure of an 
MIM active matrix Substrate includes no semiconductor 
layer, and consists of a conductive layer and an insulating 
layer, and the present invention is also applicable to Such a 
case. Further, the present invention is applicable to various 
display devices other than active matrix Substrates, for 
example, an electro-luminescence device. In addition, the 
present invention is applicable to thin film devices having 
various thin film monolithic Structures comprising a con 
ductive layer, an insulating layer and a Semiconductor layer, 
such as semiconductor devices including TFTs and DMDs 
(digital mirror devices). 
0214 Second to Seventh Embodiments will now be 
described in which the present invention is applied to active 
matrix Substrates for liquid crystal display devices and, in 
particular, pixel electrodes are formed by conductive coating 
films. 

Second Embodiment 

0215 FIG. 18 is an enlarged partial plan view of pixel 
regions formed on an active matrix Substrate for a liquid 
crystal display device, and FIG. 19 is a cross-sectional view 
taken along section I-I" of FIG. 18. 
0216) In FIGS. 18 and 19, the active matrix substrate 
400 for the liquid crystal display device is divided into a 
plurality of pixel regions 402 by data lines Sn, Sn+1 ... and 
Scanning lines Gm., Gm+1 ... on an insulating Substrate 410, 
and each of the pixel regions 402 is provided with a TFT 
404. The TFT 404 is provided with a channel region 417 
forming a channel between a Source region 414 and a drain 
region 416, a gate electrode 415 opposing to the channel 
region 417 with a gate insulating film 413 formed therebe 
tween, an interlevel insulating film 421 formed on the top 
face of the gate electrode 415, a source electrode 431 
electrically connected to the Source region 414 through a 
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contact hole 421A formed in the interlevel insulating film 
421, and a pixel electrode 441 composed of an ITO film 
which is electrically connected to the drain electrode 416 
through a contact hole 421B formed in the interlevel insu 
lating film 421. The source electrode 431 is a part of the data 
lines Sn, Sn+1 . . . , and the gate electrode 415 is a part of 
the Scanning lines Gm., Gm+1 . . . . 

0217. The pixel electrode 441, as well as the source 
electrode (data line) 431, is formed on the interlevel insu 
lating film 421. The pixel electrode 441 is therefore formed 
such that the peripheries 441A and 441B parallel to the data 
lines Sn and Sn+1 lie at positions considerably inside the 
data lines Sn and Sn+1 to prevent the occurrence of short 
circuits between these electrodes. 

0218 FIGS. 200A) to 20(D) and FIGS. 21(A) to 21(C) 
are cross-sectional ViewS illustrating manufacturing Steps of 
the active matrix Substrate in this embodiment. 

0219. In the production of such an active matrix substrate 
400, first a general-purpose nonalkaline glass is prepared as 
the insulating substrate 410, as shown in FIG.20(A). After 
the insulating Substrate 410 is cleaned, a protective under 
layer 411 composed of a silicon oxide film is formed on the 
insulating Substrate 410 by a chemical vapor deposition 
(CVD) process or a physical vapor deposition (PVD) pro 
ceSS. Examples of CVD processes include a low preSSure 
CVD (LPCVD) process and a plasma enhanced CVD 
(PECVD) process. A typical PVD process is a sputtering 
process. The protective underlayer 11 may be omitted in 
view of impurities contained in the insulating Substrate 410 
and cleanlineSS on the Substrate Surface. 

0220 Next, an intrinsic semiconductor film 406, Such as 
a silicon film, which should be an active layer of the TFT 
404, is formed. The semiconductor layer can be also formed 
by a CVD or PVD process. The resulting semiconductor film 
406 can be used as an amorphous Silicon Semiconductor 
layer, Such as a channel region of the TFT. Alternatively, as 
shown in FIG. 200B), the semiconductor film 120 may be 
irradiated with optical energy Such as laser light, or elec 
tromagnetic energy, to promote crystallization. 

0221. After a resist mask having a given pattern is 
formed, the semiconductor film 406 is patterned using the 
resist mask to form insular Semiconductor films 412, as 
shown in FIG.20(C). After forming the semiconductor films 
412, a gate insulating film 413 is formed by a PVD or CVD 
proceSS. 

0222. A thin film as a gate electrode composed of an 
aluminum film or the like is formed by a Sputtering process. 
In general, the gate electrode and gate lead are formed of a 
common metal material by the same process. After depos 
iting the gate electrode thin film, as shown in FIG.20(D), 
gate electrodes 415 are formed by patterning. Scanning lines 
are also formed in this step. Impurity ions are introduced 
into each Semiconductor film to form a Source region 414 
and a drain region 416. A Section not doped with impurity 
ions functions as a channel region 417. AS the gate electrode 
415 functions as a mask of ion implanting in this method, the 
TFT has a self-alignment structure in which the channel 
region 417 is formed only under the gate electrode 415; 
however, the TFT may be an offset gate structure or an LDD 
Structure. Impurity ions may be introduced by an ion doping 
process which implants hydride of the impurity element and 
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hydrogen using a mass-nonseparation-type ion implanting 
System, or by an ion implanting System which implants only 
predetermined impurity ions using a mass-Separation-type 
ion implanting System. Examples of material gases used in 
the ion doping process include hydrides of implanted impu 
rities, such as phosphine (PH) and diborane (BiH) which 
are diluted in hydrogen to a concentration of approximately 
O.1%. 

0223) Next, as shown in FIG. 21(A), an interlevel insu 
lating film 421 composed of a silicon oxide film is formed 
by a CVD or PVD process. After ion implantation and 
forming the interlevel insulating film 421, the interlevel 
insulating film 421 is annealed at a temperature of 350° C. 
or less for Several tens of minutes to Several hours in a given 
thermal environment to activate the implanted ions and to 
bake the interlevel insulating film 421. 

0224) Next, as shown in FIG. 21.(B), contact holes 421A 
and 421B are formed at positions of the interlevel insulating 
film 421 corresponding to the Source region 414 and the 
drain region 416. An aluminum film or the like is formed by 
a Sputtering process, and patterned to form a Source elec 
trode 431. A data line is also formed in this step. 

0225. Next, as shown in FIG. 21(C), an ITO film 408 is 
formed on the entire interlevel insulating film 421 by a 
coating process. 

0226 Various liquid or paste coating materials can be 
used in the coating process. Among these coating materials, 
liquid materials are applicable to a dipping or spin coating 
process, paste materials are applicable to a Screen printing 
process. The coating material used in the Second Embodi 
ment contains 8% of a mixture of an organic indium and an 
organic tin in a ratio of 97.3 in Xylene (for example, 
manufactured by Asahi Denka Kogyo K.K., trade name: 
ADEKA ITO coating film/ITO-130L), as in the First 
Embodiment, and is spin-coated on the top face of the 
insulating substrate 410 (on the interlevel insulating film 
20). The ratio of the organic indium to the organic tin in the 
coating material may be in a range from 99:1 to 90:10. 

0227. In the Second Embodiment, the film coated on the 
insulating Substrate 410 is annealed (baked) after removing 
the Solvent and drying it. After the film is annealed in an air 
or oxygen atmosphere at 250 C. to 450° C. for 30 minutes 
to 60 minutes, it is reannealed in a hydrogen atmosphere at 
200° C. to 400° C. for 30 minutes to 60 minutes. As a result, 
organic components are removed and a mixed film (ITO 
film) of indium oxide and tin oxide is formed. After the 
above-mentioned annealing steps, the ITO film with a thick 
neSS of approximately 500 angstroms to 2,000 angstroms 
has a sheet resistance of 10 S2 per sheet to 10'S2 per sheet 
and a light transmittance of 90% or more, and exhibits 
Satisfactory characteristics as the pixel electrode 441. 
Although the sheet resistance of the ITO film after the first 
annealing step is of the order of 10.2 per sheet to 102 per 
sheet, the sheet resistance after the Second annealing Step 
decreases to the order of 10°S2 per sheet to 10 S2 per sheet. 
0228. After forming the ITO film 408 in such a manner, 
the pixel electrode 441 is formed by patterning, as shown in 
FIG. 19, and thus a TFT 404 is formed in the pixel region 
402. When the TFT 404 is driven by control signals supplied 
through the Scanning line Gm, image information for dis 
playing is input to the liquid crystal cell encapsulated 
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between the pixel electrode 441 and a counter electrode (not 
shown in the drawings) from the data line Sn through the 
TFT 4.04. 

0229. In the Second Embodiment as described above, as 
a liquid coating material is applied onto the insulating 
Substrate 410 by a coating process, Such as a Spin coating 
process, which is Suitable for treatment of large Substrates, 
to form the ITO film for forming the pixel electrode 441, the 
ITO film can be formed by an inexpensive system, without 
using a large film deposition System provided with a vacuum 
unit, Such as a Sputtering System. 
0230. In the coating method, the liquid or paste coating 
material fills up the contact hole 421B as shown in FIG. 
25(B) when it is applied onto the interlevel insulating film 
421. The surface shape of the resulting pixel electrode 441 
is only slightly affected by the unevenness of the layers 
thereunder. As a result, a flat pixel electrode 441 (conductive 
film) with no Surface steps can be formed, rubbing can be 
Stably achieved, and the occurrence of reverse-tilt domains 
can be prevented. According to the Second Embodiment, the 
display quality is improved. 

0231. In contrast, when the pixel electrode is formed by 
an ITO sputtering film 450 as shown in FIG. 25(A), the 
resulting ITO sputtering film 450 is formed according to the 
steps of the surface thereunder. Such steps on the ITO 
sputtering film 450 result in unstable rubbing and the 
occurrence of reverse-tilt domains, and thus decrease dis 
play quality. Further, because it is difficult to form the ITO 
sputtering film so that it fills up the entire contact hole 421B, 
an opening is formed there. Such an opening also results in 
unstable rubbing and the occurrence of reverse-tilt domains. 
Accordingly, it is useful to form a pixel electrode 441 by an 
ITO coating film, as shown in FIG. 25(B). 

Third Embodiment 

0232 FIG. 22 is an enlarged partial plan view of pixel 
regions formed on an active matrix Substrate for a liquid 
crystal display device, and FIG. 23 is a cross-sectional view 
taken along section II-II' of FIG. 22. 

0233. In FIGS. 22 and 23, differences between the thin 
film device configuration on the active matrix substrate 401 
for the liquid crystal display device in accordance with the 
Third Embodiment and the thin film device configuration on 
the active matrix substrate 400 for the liquid crystal display 
device in accordance with the Second Embodiment are as 
follows. 

0234. The Third Embodiment employs a double-layer 
Structure interlevel insulating film including a lower inter 
level insulating film 421 formed on a gate electrode 415 and 
an upper interlevel insulating film 422 formed on the lower 
interlevel insulating film 421. A source electrode 431 is 
therefore formed on the lower interlevel insulating film 421 
and is electrically connected to a Source region 414 through 
a contact hole 421A in the lower interlevel insulating film 
421. 

0235. On the other hand, a pixel electrode is formed on 
the upper interlevel insulating film 422, and is electrically 
connected to a drain region 416 through a contact hole 422A 
in the upper interlevel insulating film 422 and the lower 
interlevel insulating film 421. Because the pixel electrode 
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441 and the Source electrode 431 are formed on different 
layers from each other, these electrodes do not short-circuit 
each other. 

0236. In the Third Embodiment, as shown in FIG. 22, 
two peripheral sides 441A and 441B, parallel to data lines Sn 
and Sn+1, respectively, of the pixel electrode 441 in each 
pixel region 402 lie above the data lines Sn and Sn+1. 
Further two peripheral sides 441C and 441D, parallel to 
Scanning lines Gm and Gm+1, respectively, of the pixel 
electrode 441 lie above the scanning lines Gm and Gm+1. 
In other words, a part of the pixel electrode 441 is formed 
on the data lines Sn and Sn+1 and the Scanning lines Gm and 
Gm+1. No gap is therefore formed between the four 
peripheral sides 441A to 441D and the data lines Sn and 
Sn+1 or the Scanning lines Gm and Gm+1 in the plan view. 
AS a result, the data lines Sn and Sn+1 and the Scanning lines 
Gm and Gm+1 function as a black matrix, and high quality 
display can be achieved without providing additional Steps 
for forming a black matrix layer. 
0237) The manufacturing process of such an active 
matrix substrate 401 also include the steps shown in FIGS. 
20(A) to 20(D) for the Second Embodiment. The following 
steps after the steps shown in FIGS. 20(A) to 200D) will be 
described with reference to FIGS. 24(A) to 24(D). 
0238. As shown in FIG. 24(A), after forming a source 
region 414, a drain region 416, a channel region 417, a gate 
region 413 and a gate electrode 415, a lower interlevel 
insulating film 421 composed of a Silicon oxide film is 
formed by a CVD or PVD process. 
0239 Next, as shown in FIG. 24(B), a contact hole 421A 
is formed at a position of the lower interlevel insulating film 
421, corresponding to the Source region 414. An aluminum 
film is formed by a Sputtering process and then is patterned 
to form a source electrode 431 and data lines Sn, Sn+1 . . . 

0240 Next, as shown in FIG. 24(C), an upper interlevel 
insulating film 422 composed of a Silicon oxide film is 
formed on the lower interlevel insulating film 421 by a CVD 
or PVD process. A contact hole 422A is formed at positions 
of the lower interlevel insulating film 421 and the upper 
interlevel insulating film 422, corresponding to the drain 
region 416. 
0241) Next, as shown in FIG. 24(D), an ITO film 409 is 
formed by coating on the entire Surface of the interlevel 
insulating film 422. 
0242. The coating film can be also formed with various 
liquid and paste coating materials as in the First and Second 
Embodiments. Among these coating materials, liquid mate 
rials are applicable to a dipping or Spin coating process, and 
paste materials are applicable to a Screen printing process. 

0243 In the Third Embodiment, the resulting ITO coat 
ing film 409 is subjected to first and second annealing 
processes as described above to decrease its sheet resistance. 
0244. Then, the ITO film 409 is patterned to form a pixel 
electrode 441 as shown in FIG. 23. As described with 
reference to FIG. 22, in each pixel region 2, the ITO film 
409 is patterned such that the four peripheral sides 441A to 
441D of the pixel electrode 441 lie above the data lines Sn 
and Sn+1 and the Scanning lines Gm and Gm+1. AS the data 
lines and the Scanning lines are generally formed of a metal 
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film, these data lines and Scanning lines can be used as a 
black matrix. As a result, high quality display can be 
achieved without further steps. 
0245) Further, the pixel region 441 is expanded as much 
as possible So as to overlap with the data lines and the 
Scanning lines, hence the pixel region 402 has a high 
aperture ratio. The display quality is further improved 
thereby. 
0246. In the Third Embodiment, because the ITO film for 
forming the pixel electrode 441 is formed on the insulating 
Substrate 410 by a spin coating process (coating film depo 
Sition method) which is Suitable for treatment of a large 
Substrate, using a liquid coating material, the pixel electrode 
441 has, as shown in FIG. 10(B), a large thickness at an 
indented portion of the lower layer and a Small thickness at 
a protruding portion of the lower layer. As a result, uneven 
neSS due to the data lines is not reflected on the Surface of 
the pixel electrode 441. The formation of a flat pixel 
electrode 441 without surface steps can stabilize rubbing and 
prevent the occurrence of reverse-tilt domains. Such advan 
tages hold on the upper layer Side of the Scanning lines. The 
present invention therefore improves display quality. 
0247. Further, because a liquid coating material is applied 
onto the insulating SubStrate 410 by a spin coating process, 
the ITO film for forming the pixel electrode 441 can be 
formed by an inexpensive film coating System, differing 
from a Sputtering process requiring a large film deposition 
System provided with a vacuum unit. 
0248. Additionally, the coating method has excellent 
characteristics for covering Steps, hence large unevenness of 
the contact holes 421A and 422A in the lower and upper 
interlevel insulating films 421 and 422 does not affect the 
surface shape of the pixel electrode 441 (ITO film). Because 
the two interlevel insulating films, that is, the lower inter 
level insulating film 421 and the upper interlevel insulating 
film 422 are formed, a flat pixel electrode 441 without 
Surface Steps can be formed regardless of large unevenneSS 
due to the contact holes 421A and 422A. In Such a configu 
ration, the pixel electrode 441 is directly connected to the 
drain region 416 and no repeater electrode (via) electrically 
connected to the drain region 416 is formed between the 
lower interlevel insulating film 421 and the upper interlevel 
insulating film 422, resulting in Simplified production StepS. 
0249. In the formation of the pixel electrode in the Third 
Embodiment, although a Spin coating proceSS is employed to 
form the ITO film using a liquid coating material, the ITO 
film can be formed by a printing proceSS using a paste 
coating material. AS the paste coating material can also be 
applicable to a Screen printing process, a paste coating 
material is applied onto only the region forming the pixel 
electrode 441, followed by drying and annealing, and the 
printed region can be used as the pixel electrode 441 without 
further Steps. Because patterning of the ITO by an etching 
process is not required in this case, the production costs can 
be drastically decreased. 
0250 In the Second and Third Embodiments, coplanar 
type TFTs are exemplified, in which the surface shape of the 
pixel electrode 441 is greatly affected by the contact holes in 
the interlevel insulating film. When the present invention is 
applied to the formation of a pixel electrode on a lower layer 
having unevenness in a reverse Stagger-type TFT, the effect 
of Such unevenneSS on the Surface shape of the pixel 
electrode can be removed. 
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Fourth Embodiment 

0251 FIG. 26 is a cross-sectional view taken along 
Section II-II' of FIG. 22, showing a configuration according 
to the Fourth Embodiment which is different from that in 
FIG. 23. 

0252) The Fourth Embodiment also employs two inter 
level insulating films 420 composed of a lower interlevel 
insulating film 421 and an upper interlevel insulating film 
422 deposited on the lower interlevel insulating film 421. 
0253) The configuration shown in FIG. 26 is different 
from the configuration in FIG. 23 in that the pixel electrode 
441 has a double layer structure consisting of an ITO 
Sputtering film 446 (conductive Sputtering film) formed on 
the upper interlevel insulating film 422 by a Sputtering 
process, and an ITO coating film 447 (conductive transpar 
ent coating film) formed on the ITO sputtering film 446. 
0254 The ITO coating film 447 is therefore electrically 
connected to the drain region 416 through the ITO sputtering 
film 446 lying thereunder. Because the ITO sputtering film 
446 and the ITO coating film 447 are simultaneously pat 
tern-formed as described below, these have a common 
forming region. 

0255 Because other portions are the same as those in 
FIG. 23, the same identification numbers are used without 
detailed description. 
0256 The planar layout of the configuration of the Fourth 
Embodiment is the same as that of the Third Embodiment, 
shown in FIG. 22, and thus data lines Sn, Sn+1 . . . and 
Scanning lines Gm, Gm+1 ... function as a black matrix. AS 
a result, high quality display can be achieved without 
increasing steps. 

0257). In the Third Embodiment, the ITO coating film 447 
in contact with the drain region 416 tends to have a higher 
contact resistance compared to the ITO Sputtering film. In 
the Fourth Embodiment, the ITO coating film 447 is elec 
trically connected to the drain region 416 through the ITO 
Sputtering film 446, and Such a configuration does not cause 
a high contact resistance. 
0258. A method for making such an active matrix Sub 
strate 401 will now be described with reference to FIGS. 
27(A) to 27(E) and FIGS. 28(A) to 28(E). Because the FIGS. 
27(A) to 27(E) are the same as FIGS. 20(A) to 20(D) and 
FIG. 24(A) for the steps of the Third Embodiment, respec 
tively, the description is omitted. Also, the FIGS. 28(B) and 
28(C) are the same as FIGS. 24(B) and 24(C), respectively, 
for the steps of the Third Embodiment. 
0259 FIG. 28(A) shows a resist pattern-forming step 
before the step in FIG. 28(B). In order to form the source 
electrode 431 and the source line shown in FIG. 28(B), an 
aluminum film 460 is formed by a sputtering process in FIG. 
28(A). A patterned resist mask 461 is formed on the alumi 
num film 460. The Source electrode 431 and the data line, as 
shown in FIG. 28(B), are formed by etching the aluminum 
film 460 using the resist film 461. 
0260 Next, as shown in FIG.28(C), the upper interlevel 
insulating film 422 composed of a Silicon oxide film is 
deposited on the lower interlevel insulating film 421 by a 
CVD or PVD process. After ion implantation and forming 
the interlevel insulating films, the Substrate is annealed in a 
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given thermal environment at 350° C. or less for several tens 
of minutes to Several hours to activate the implanted ions 
and to bake the interlevel insulating film 420 (the lower 
interlevel insulating film 421 and the upper interlevel insu 
lating film 422). A contact hole 422A is formed at positions, 
corresponding to the drain region 416, in the lower interlevel 
insulating film 421 and the upper interlevel insulating film 
422. 

0261) Next, as shown in FIG. 28(D), an ITO sputtering 
film 446 (conductive sputtering film) is formed on the entire 
interlevel insulating film 420 composed of the lower inter 
level insulating film 421 and the upper interlevel insulating 
film 422 by a Sputtering process. 

0262 Next, as shown in FIG.28(E), an ITO coating film 
447 (conductive transparent coating film) is formed on the 
ITO sputtering film 446. 
0263. The ITO coating film 447 can be formed under the 
same process conditions as in the First to Third Embodi 
ments. The liquid or paste coating film applied on the top 
face in the Fourth Embodiment is annealed in an annealing 
chamber after the Solvent is removed by drying. The coating 
film is annealed or fired at a temperature of 250 C. to 500 
C. and preferably 250° C. to 400° C. for 30 minutes to 60 
minutes in air or an oxygen-containing or nonreducing 
atmosphere, and then annealed at a temperature of 200 C. 
or more and preferably 200° C. to 350° C. for 30 minutes to 
60 minutes in a hydrogen-containing atmosphere. The tem 
perature of the Second annealing Step is set to be lower than 
that of the first annealing step to prevent thermal degradation 
of the coating film Stabilized in the first annealing Step. By 
Such annealing Steps, organic components are removed, and 
the coating film is converted to a mixed film (ITO coating 
film 447) of indium oxide and tin oxide. As a result, the ITO 
coating film 447 with a thickness of approximately 500 
angstroms to 2,000 angstroms has a sheet resistance of 10°C2 
per sheet to 10'S2 per sheet and a light transmittance of 90% 
or more, and this and the ITO sputtering film 446 can form 
a pixel electrode 441 exhibiting Satisfactory characteristics. 
0264. Next, the insulating substrate 410 is maintained in 
the nonreductive atmosphere used in the Second annealing 
Step or a nonoxidative atmosphere Such as a gaseous nitro 
gen atmosphere until the Substrate temperature decreases to 
200 C. or less, and taken out to open air from the annealing 
chamber when the substrate temperature reaches 200 C. or 
less. When the insulating substrate 410 is exposed to open 
air after the temperature reached 200 C. or less, the coating 
film having a decreased resistance by the thermal reduction 
during the Second annealing Step is prevented from reoxi 
dation and thus the ITO coating film 447 has a low sheet 
resistance. It is more preferable that the temperature when 
the insulating Substrate 410 is taken out from the annealing 
chamber to open air be 100° C. or less in order to prevent 
reoxidation of the ITO coating film 447. Because the specific 
resistance of the ITO coating film 447 decreases as oxygen 
defects in the film increase, reoxidation of the ITO coating 
film 447 due to oxygen in air increases the Specific resis 
tance. 

0265 After forming the ITO sputtering film 446 and the 
ITO coating film 447 in such a manner, a resist film 462 is 
formed, and these films are collectively patterned with an 
etching Solution, Such as acqua regia or a HBr Solution, or by 
dry etching using CH or the like, to form the pixel electrode 
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441 as shown in FIG. 26. ATFT is thereby formed in each 
pixel electrode 402. When driving the TFT in response to a 
control Signal Supplied through the Scanning line Gm, image 
information is input into the liquid crystal encapsulated 
between the pixel electrode 441 and the counter electrode 
(not shown in the drawing) from the data line Sn through the 
TFT to display a given image. 
0266. In this embodiment, the ITO coating film 447 is 
used to form the pixel electrode 441. Because the film 
deposition by coating exhibits excellent characteristics for 
covering the Steps, a liquid or paste coating material to form 
the ITO coating film 447 can satisfactorily compensate 
unevenness on the surface of the ITO sputtering film 446 
caused by the contact hole 422. Further, the coating material 
is coated such that the ITO coating film 447 has a large 
thickness at an indented portion and a Small thickness at a 
protruded portion. Unevenness due to the data line 431 does 
not therefore replicate the surface of the pixel electrode 441. 
The same relationship holds in the upper layer of the 
Scanning line 415. Accordingly, a pixel electrode 441 having 
a flat Surface without Steps can be formed, resulting in Stable 
rubbing and prevention of the occurrence of reverse-tilt 
domains. The present invention therefore improves image 
quality. 
0267 In contrast, when forming the pixel electrode by 
only an ITO sputtering film 446 as shown in FIG. 39A, the 
ITO sputtering film 446 is replicated by the steps on the 
surface on which the ITO sputtering film 446 is formed. The 
steps formed on the surface of the ITO sputtering film 446 
cause unstable rubbing and the occurrence of reverse-tilt 
domains, and thus deteriorate display quality. Further, it is 
difficult to form the ITO sputtering film 446 so as to fill the 
entire contact hole 422A, hence an opening is inevitably 
formed. Such an opening also causes unstable rubbing and 
the occurrence of reverse-tilt domains. The formation of the 
ITO coating film 447 therefore is useful. 
0268 As shown in the Fourth Embodiment, when the 
interlevel insulating film 420 has a double layer structure for 
the purpose of forming the pixel electrode 441 and the 
Source electrode 431 on different interlayers, the aspect ratio 
of the contact hole 422A increases; however, the ITO 
coating film 447 can form a flat pixel electrode 441 regard 
less of this. 

0269. The ITO sputtering film 446 has a trend of poor 
adhesion to a resist mask compared to the ITO coating film 
447; however, the resist mask 462 is formed on the ITO 
coating film 447 in this embodiment, and accuracy of 
patterning is not deteriorated. A pixel electrode 441 having 
a high definition pattern can therefore be formed. 

Fifth Embodiment 

0270 FIG.29 is an enlarged plan view of a part of a pixel 
region formed on an active matrix Substrate for a liquid 
crystal display in accordance with the present invention, and 
FIG. 30 is a cross-sectional view taken along section III-III' 
of FIG. 29. In the Fifth Embodiment, parts having the same 
function as in the Fourth Embodiment are referred to with 
the same identification numbers, and a detailed description 
thereof with reference to drawings is omitted. In FIG. 29, 
the active matrix substrate 401 for a liquid crystal display in 
accordance with the Fifth Embodiment is also provided with 
a plurality of pixel electrode regions 402 formed by data 
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lines 431 and Scanning lines 415 on an insulating Substrate 
410, and a TFT is formed on each of the pixel electrode 
regions 402. 
0271 The planar layout in the Fifth Embodiment other 
than the ITO Sputtering film is identical to the configuration 
shown in FIG. 22 for illustrating the Third and Fourth 
Embodiments, hence data lines Sn, Sn+1 . . . and Scanning 
lines Gm., Gm+1 ... function as a black matrix. High quality 
image display therefore can be achieved without additional 
StepS. 

0272 Because in the Fifth Embodiment an ITO sputter 
ing film 456 and an ITO coating film 457 are separately 
patterned as described below in contrast to the Fourth 
Embodiment, their regional areas are different from each 
other. That is, the regional area of the ITO coating film 457 
is larger than the regional area of the ITO Sputtering film 
456. 

0273 When forming the ITO coating film and the ITO 
Sputtering film on a common region as in the Fourth 
Embodiment, these two ITO films can be simultaneously 
patterned. The resist mask is formed only on the ITO coating 
film having excellent adhesiveness to the resist mask, and is 
not formed on the ITO sputtering film having poor adhe 
Siveness to the resist mask. High definition patterning can 
therefore be achieved. 

0274. In contrast, in the Fifth Embodiment, a resist mask 
must be formed also on the surface of the ITO sputtering 
film. When the regional area of the ITO coating film is larger 
than the regional area of the ITO Sputtering film, the 
accuracy of patterning of the ITO coating film having 
excellent adhesiveness to the resist mask determine a final 
pattern. Hence high definition patterning can be achieved 
even if the ITO sputtering film has poor adhesiveness to the 
resist mask. 

0275] The steps shown in FIGS. 31(A) to 31(C) for a 
manufacturing method of Such an active matrix Substrate is 
similar to FIGS. 27(A) to 27(E) for the Fourth Embodiment. 
Thus, only the steps shown in FIGS. 31(D) to 31(F) will now 
be described. 

0276. In FIG. 31(C), an upper interlevel insulating film 
422 composed of a silicon oxide film is formed on a lower 
interlevel insulating film 421, and then a contact hole 422A 
is formed. 

0277 Next, as shown in FIG. 31(D), an ITO film 456 
(conductive Sputtering film) is formed by a Sputtering pro 
cess on the entire surface of the interlevel insulating film 420 
composed of the lower interlevel insulating film 421 and the 
upper interlevel insulating film 422. These Steps is also 
identical to the Fourth Embodiment. 

0278. In the Fifth Embodiment, however, only the ITO 
Sputtering film 456 is patterned with an etching Solution, 
Such as aqua regia or a HBr Solution, or by dry etching using 
CH or the like. After forming the ITO sputtering film 456, 
a resist mask 464 is formed as shown FIG. 31(D) and is 
patterned. The ITO sputtering film 456 is etched using the 
resist mask 464 such that the ITO sputtering film 456 
remains in a region which is narrower than the region of a 
pixel electrode 441 to be formed. An ITO coating film 
(conductive transparent coating film) is formed on the top 
face of the ITO sputtering film 456. The coating materials 
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described in the above-mentioned Embodiments can be used 
for forming the ITO coating film 457. 

0279. After forming the ITO coating film 457 in such a 
manner, a resist mask 462 is formed as shown in FIG.31(F) 
and is patterned with an etching Solution, Such as aqua regia 
or a HBr solution, or by dry etching using CH or the like to 
form a pixel electrode 441 as shown in FIG. 30. 
0280 The configuration in the Fifth Embodiment has 
similar advantages to that in the Fourth Embodiment. In 
particular, although the ITO coating film 457 in contact with 
a drain region has a higher contact resistance than the ITO 
sputtering film, the ITO coating film 457 in the Fifth 
Embodiment is electrically connected to the drain region 
416 through the ITO sputtering film 456 to cancel Such a 
high contact resistance. Because the ITO Sputtering film can 
be thin, it can be etched within a short time without 
preventing patterning, regardless of poor adhesiveness to the 
resist mask 464. Because the ITO coating film 457 having 
high accuracy for patterning determines final accuracy of the 
pixel electrode 40 for patterning, high accuracy patterning 
can be achieved. 

Sixth Embodiment 

0281 FIG. 32 is an enlarged plan view of a part of a pixel 
region formed on an active matrix Substrate for a liquid 
crystal display in accordance with the present invention, and 
FIG.33 is a cross-sectional view taken along section IV-IV 
of FIG. 30. 

0282. The arrangement in the Sixth Embodiment is char 
acterized in that a pixel electrode 441 is composed of an ITO 
coating film (conductive transparent coating film) 468 
formed by coating on an upper interlevel insulating film 422, 
and the ITO coating film 468 is electrically connected to a 
repeater electrode 466 composed of an aluminum film 
formed on a lower interlevel insulating film 421 by a 
Sputtering process through a contact hole 422A in the upper 
interlevel insulating film 422. The repeater electrode 466 is 
electrically connected to a drain region 416 through a 
contact hole 421B in the lower interlevel insulating film 421. 
AS a result, the pixel electrode 441 is electrically connected 
to the drain electrode 416 through the repeater electrode 466 
lying thereunder. 

0283 Because the repeater electrode 466 composed of an 
aluminum film does not have light transmitting characteris 
tics, the region for forming it is limited to the interior and 
periphery of the contact hole 421 So as not to decrease the 
aperture ratio. 

0284. The steps shown in FIGS. 27(A) to 27(E) for the 
Fourth Embodiment can be employed for the manufacturing 
method of Such an active matrix Substrate 401. The Suc 
ceeding steps after the step in FIG. 27(E) will now be 
described with reference to FIGS. 34(A) to 34(D). 
0285) As shown FIG. 34(A), after contact holes 421A 
and 421B are formed at positions corresponding to a Source 
region 414 and a drain region 416, respectively, in the lower 
interlevel insulating film 421, an aluminum film 460 (con 
ductive Sputtering film or metal film) is formed by Sputtering 
to form a Source electrode 431 and data lines. Next, a resist 
mask 470 is formed and the aluminum film 460 is patterned 
using the resist mask 470. As a result, as shown in FIG. 
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34(B), the source electrode 431, the data lines and the 
repeater electrode 466 are simultaneously formed. 
0286 Next, as shown in FIG. 34(C), an upper interlevel 
insulating film 422 of a silicon oxide film is formed on the 
surface of the lower interlevel insulating film 421 by a CVD 
or PVD process. A contact hole 422A is formed at a position 
corresponding to the repeater electrode 466 (a position 
corresponding to the drain region 416) in the upper inter 
level insulating film 422. 
0287 Next, as shown in FIG.34(D), an ITO coating film 
468 (conductive transparent coating film) is formed on the 
entire interlevel insulating film 420 consisting of the lower 
interlevel insulating film 421 and the upper interlevel insu 
lating film 422. 
0288 The coating material described in the above-men 
tioned embodiments can be used for forming the ITO 
coating film 468. 
0289. After forming the ITO film 468 in such a manner, 
a resist mask 462 is formed and patterned to form a pixel 
electrode 441 as shown in FIG. 33. 

0290. As shown in FIG. 32, data lines Sn, Sn+1 ... and 
Scanning lines Gm., Gm+1 . . . function as a black matrix. 
Further, the aperture ratio of the pixel region 402 can be 
increased and a pixel electrode 441 having a flat Surface 
without steps can be formed. Hence rubbing is stabilized and 
the occurrence of reverse-tilt domains can be prevented. 
0291 Although the pixel electrode 441 composed of the 
ITO coating film 468 has a higher contact resistance with the 
drain region 416 (silicon film) than the ITO sputtering film, 
the ITO coating film 468 in the Sixth Embodiment is 
electrically connected to the drain region 416 through the 
repeater electrode 466 composed of the aluminum film 
formed by Sputtering to counter Such a high contact resis 
tance. 

0292 Although aluminum is used for the repeater elec 
trode 466 in this embodiment, use of a dual layer film 
composed of aluminum and a high melting point metal can 
further decrease the contact resistance with the ITO coating 
film 468. The high melting point metal, Such as tungsten or 
molybdenum, is difficult to oxidize as compared to alumi 
num, and even if it comes into contact with the ITO coating 
film 468 containing a large amount of oxygen, no oxidation 
occurs. The contact resistance between the repeater elec 
trode 466 and the ITO coating film 468 can therefore be 
reduced. 

Seventh Embodiment 

0293 FIG. 35 is an enlarged plan view of a part of a pixel 
region formed on an active matrix Substrate for a liquid 
crystal display in accordance with the present invention, and 
FIG. 36 is a cross-sectional view taken along section V-V 
of FIG. 35. 

0294 The Seventh Embodiment includes a modified con 
figuration of Second Embodiment shown in FIG. 18 and 
FIG. 19, in which a repeater electrode 480 achieves elec 
trical connection between an ITO coating film 441 and a 
drain region 416. 
0295). In FIG. 35, an active matrix substrate 401 in 
accordance with the Seventh Embodiment is also provided 
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with a plurality of pixel regions 402 formed by data lines 
431 and scanning lines 416 on an insulating substrate 410, 
and each of the pixel regions 402 is provided with a TFT (a 
nonlinear element for pixel Switching). If only planarization 
of the pixel electrode and reduction of the contact resistance 
are intended, the following configuration is available. 

0296. As shown in FIG. 36, in the Seventh Embodiment, 
an interlevel insulating film 421 is composed of one Silicon 
oxide layer. 
0297. The pixel electrode 441 composed of the ITO 
coating film is formed on the top face of the repeater 
electrode 480 composed of an aluminum film (conductive 
sputtering film or metal film) which is formed on the 
interlevel insulating film 421 by a Sputtering process. The 
pixel electrode 441 is therefore electrically connected to the 
drain region 416 through the repeater electrode 480. Because 
the repeater electrode 480 composed of an aluminum film 
does not have light transmitting characteristics, the region 
for forming it is limited to the interior and periphery of the 
contact hole 421B. 

0298 Because the pixel electrode 441 and the source 
electrode 431 are formed between two common layers in the 
Seventh Embodiment, Such that these two electrodes are not 
short-circuited (refer to FIG. 35 and FIG. 36). 
0299 Such an active matrix substrate 401 is manufac 
tured according to the steps shown in FIGS. 27(A) to 27(B) 
for the Fourth Embodiment. The succeeding steps after FIG. 
27(E) will now be described with reference to FIGS. 37(A) 
to 37(C). 
0300. As shown in FIG. 37(A), contact holes 421A and 
421B are formed at positions corresponding to a Source 
region 414 and a drain region 416, respectively, in the 
interlevel insulating film 421. After forming by Sputtering an 
aluminum film 460 for forming the source electrode 431 and 
data lines, a resist mask 470 is formed. Next, the aluminum 
film 460 is patterned using the resist mask 470 to form the 
Source electrode 431, the data lines and the repeater elec 
trode 480 as shown in FIG. 37(B). 
0301 Next, as shown in FIG.37(C), an ITO coating film 
482 (conductive transparent electrode) is formed on the 
entire top face of the interlevel insulating film 421. The 
coating films used in the above-mentioned embodiments can 
be used for forming the ITO coating film 482. 
0302) After forming the ITO coating film 482 in such a 
manner, a resist mask 484 is formed and the ITO coating film 
482 is patterned using the resist mask 484 to form a pixel 
electrode 441 as shown in FIG. 36. 

0303 Accordingly, a pixel electrode 441 having a flat 
Surface without Steps can be formed, resulting in Stable 
rubbing and prevention of the occurrence of a reverse-tilt 
domain. Further, an increase in the contact resistance 
between the pixel electrode composed of the ITO coating 
film formed by a coating proceSS and the drain region 416 
can be prevented. 

0304. The present invention is not limited the above 
described embodiments and can include various modifica 
tions within the Scope of the present invention. 

0305 For instance, in the Sixth and Seventh Embodi 
ments, the repeater electrodes 466 and 480, the source 
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electrode 431 and the data lines are simultaneously formed 
of the common metal film (aluminum film). Instead, when 
the interlevel insulating film 420 includes a lower interlevel 
insulating film 421 and an upper interlevel insulating film 
422, both the pixel electrode 441 composed of the ITO film 
by a coating process and the repeater electrode 486 com 
posed of a conductive Sputtering film may be formed on the 
upper insulating film 422. Such a configuration can extend 
the region forming the pixel electrode 441, differing from 
the Sixth Embodiment, and thus data lines and Scanning 
lines function as a black matrix. Because the repeating 
electrode 486 (conductive sputtering film) and the source 
electrode 431 are formed by different steps, the material for 
the repeating electrode 486 may be the same as or different 
from the material for the Source electrode 431. 

0306 In both the Sixth and Seventh Embodiments, 
although planar-type TFTs are described in which the con 
tact holes in the interlevel insulating films greatly affect the 
Surface shapes of the pixel electrodes, the present invention 
can also be applied to a reverse Stagger-type TFT. When the 
pixel electrode is forced to be formed on an uneven Surface, 
the surface of the pixel electrode formed of a conductive 
transparent coating film by a coating process as in the 
present invention is not affected by Such unevenness. 
0307 For example, an ITO coating film is used as the 
pixel electrode 441 in a reverse stagger-type TFT shown in 
FIG.38(B) for the purpose of planarization of the surface of 
the pixel electrode 441. In the TFT shown in FIG. 38(B), a 
protective underlayer 411, a gate electrode 415, a gate 
insulating film 413, an intrinsic amorphous silicon film 
forming a channel region 417 and an insulating film 490 for 
protecting the channel are deposited in that order on an 
insulating Substrate 410. Source and drain regions 414 and 
416 composed of a high concentration n-type amorphous 
silicon film are formed on both sides of the insulating film 
490 for protecting the channel, and a source electrode 431 
and a repeater electrode 492 composed of a Sputtering film 
Such as chromium, aluminum or titanium are formed on the 
Source and drain regions 414 and 416. Further, an interlevel 
insulating film 494 and a pixel electrode 441 are formed 
thereon. Because the pixel electrode 331 is composed of an 
ITO coating film, it has a flat surface. The pixel electrode 
441 is electrically connected to the repeater electrode 496 
through a contact hole in the interlevel insulating film 441. 
Because the pixel electrode 441 is electrically connected to 
the drain region 416 through the repeater electrode 496 
composed of the Sputtering film, the problem of high contact 
resistance between the pixel electrode 441 composed of the 
ITO coating film and the drain region 416 (silicon film) can 
be solved. Because the pixel electrode 441 and the source 
electrode 431 are arranged between different layers, these 
electrode does not short-circuit. As a result, the pixel elec 
trode 441 can be formed in a wide range So as to cover the 
data lines and the Scanning lines (not shown in the drawing). 
Hence the data lines and the Scanning lines functions as a 
black matrix and the aperture ratio of the pixel region can be 
increased. 

0308 Although the ITO coating film for forming the 
pixel electrode is deposited with a liquid coating material by 
a spin coating process, the ITO coating film may be depos 
ited using a paste coating material by a printing process. 
Further use of the paste coating material enables a Screen 
printing process, in which the paste coating material is 
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printed only on the region to form the pixel electrode 
followed by drying and annealing, and the resulting film can 
be used as the pixel electrode. Because this case does not 
require patterning of the ITO film, the production costs can 
be drastically reduced. 
0309 Although only the pixel electrode is formed of a 
coating film in the Second to Seventh Embodiments, any one 
of an insulating layer, a conductive layer and a Semicon 
ductive layer, as well as the pixel electrode, can be, of 
course, formed of a coating film, as described in the First 
Embodiment. 

Eighth Embodiment 
0310. An electronic device formed of a liquid crystal 
display device in accordance with any of the above-men 
tioned embodiments includes, as shown in FIG. 40, a 
display information source 1000, a display information 
processing circuit 1002, a display driving circuit 1004, a 
display panel 1006 Such as a liquid crystal panel, a clock 
generating circuit 1008 and an electric power circuit 1010. 
The display information source 1000 includes memories 
such as ROM and RAM, and a tuning circuit for tuning and 
outputting the television signals, and output display infor 
mation Such as Video Signals based on a clock from the clock 
generating circuit 1008. The display information processing 
circuit 1002 processes and output the display information 
based on the clock from the clock generating circuit. The 
display information processing circuit 1002 may include, for 
example, an amplification and polarity inversion circuit, a 
circuit with parallel data input, a rotation circuit, a gamma 
correction circuit and a clamping circuit. The display driving 
circuit 1004 includes a Scanning line driving circuit and a 
data line driving circuit and drives to display the liquid 
crystal panel 1006. The electric power circuit 1010 Supplies 
electric power to the above-mentioned circuits. 
0311 Examples of electronic devices having such a con 
figuration include liquid crystal projectors as shown in FIG. 
41, personal computers (PCs) as shown in FIG. 42, and 
engineering work Stations (EWSS) responding to multimedia 
pagers as shown in FIG. 43 and portable phones, word 
processors, televisions, View finder-type and monitor-type 
Video taperecorders, electronic notebooks, electronic desk 
top calculators, car navigation Systems, POS terminals, and 
apparatuses provided with touch panels. 
0312 The liquid crystal projector shown in FIG. 41 is a 
projection type-projector using a transparent liquid crystal 
panel as a light valve and includes, for example, a three-plate 
prism-type optical System. 
0313. In the projector 1100 shown in FIG. 41, projection 
light emerging from a lamp unit 1102 provided with a white 
light Source is divided into three primary colorS, R, G and B 
by a plurality of mirrors 1106 and two dichroic mirrors 1108 
in a light guide 1104, and the three primary colors are 
introduced to three color liquid crystal panels 1110R, 1110G 
and 1110 B for displaying their respective colors. The light 
beams modulated by the liquid crystal panels 1110R, 1110G 
and 1110B are incident on a dichroic prism 1112 from three 
directions. In the dichroic prism 1112, as the red R and blue 
Blight beams are reflected by 90, whereas the green Glight 
beam travels Straight, images of these colors are combined 
and, thus, a color image is projected on a Screen or the like 
through a projection lens. 
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0314. The personal computer 1200 shown in FIG. 42 
includes a main body 1204 provided with a keyboard 1202 
and a liquid crystal display Screen 1206. 
0315) The pager 1300 shown in FIG. 43 includes a liquid 
crystal display board 1304, a light guide 1306 provided with 
a back light 1306a, a circuit board 1308, a first shield plate 
1310 and a second shield plate 1312, two elastic conductors 
1314 and 1316 and a film carrier tape 1318, which are 
provided in a metallic frame 1302. The two elastic conduc 
tors 1314 and 1316 and the film carrier tape 1318 are 
provided for connecting the liquid crystal display board 
1304 to the circuit board 1308. 

0316 The liquid crystal display board 1304 is composed 
of a liquid crystal encapsulated between two transparent 
Substrates 1304a and 1304b and forms at least a dot-matrix 
liquid crystal panel. One of the transparent Substrates may be 
provided with a driving circuit 1004 shown in FIG. 40, and 
additionally, a display information processing circuit 1002. 
Circuits not mounted in the liquid crystal display board 1304 
can be mounted in the circuit board 1308 shown in FIG. 43 
as an external circuit of the liquid crystal display board. 
0317. The pager configuration shown in FIG. 43 further 
requires a circuit board 1308, as well as the liquid crystal 
display board 1304, and when a liquid crystal display device 
is used as one unit in an electronic device and when a display 
driving circuit is mounted onto a transparent board, the 
minimum unit of the liquid crystal display device is the 
liquid crystal display board 1304. Alternatively, the liquid 
crystal display board 1305 fixed into the metallic frame 1302 
can be used as a liquid crystal display device which is a part 
of an electronic device. Further a back-light-type liquid 
crystal display device can be formed by assembling the 
liquid crystal display board 1304, and a light guide 1306 
provided with a back light 1306a into the metallic frame 
1302. Instead, as shown in FIG. 44, a tape carrier package 
(TCP) 1320, in which an IC chip 1324 is packaged onto a 
polyimide tape 1322 provided with a metallic conductive 
film, may be connected to one of the two transparent 
substrates 1304a and 1304b of liquid crystal display board 
1304 to be used as a liquid crystal display device as a part 
of the electronic device. 

1. A thin film device having a thin film monolithic 
Structure comprising a plurality of thin films including at 
least one insulating layer and at least one conductive layer, 
wherein 

at least one of said thin films in said thin film monolithic 
Structure is formed of a coating film (excluding a 
spin-on-glass film having a basic structure comprising 
Siloxane bonds), which is obtained by applying a Solu 
tion containing a constituent of Said thin film followed 
by annealing. 

2. A thin film device according to claim 1, wherein Said 
thin film monolithic Structure comprises a Semiconductor 
layer. 

3. A thin film device according to claim 2, wherein Said 
thin film monolithic Structure comprises a thin film transistor 
comprising: a Silicon Semiconductor layer including a Source 
region, a drain region and a channel region therebetween; a 
gate insulating layer; and a gate electrode. 

4. A thin film device according to claim 3, wherein Said 
thin film monolithic Structure further comprises an insulat 
ing underlayer formed under Said thin film transistor. 
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5. A thin film device according to either claim 3 or 4, 
wherein said thin film monolithic structure further com 
prises: 

a Source electrode connected to Said Source region, 
a drain electrode connected to Said drain region, and 
at least one interlevel insulating film which insulates Said 

gate electrode, Said Source electrode and Said drain 
electrode. 

6. A thin film device according to any one of claims 3 to 
5, wherein said thin film monolithic structure further com 
prises a protective insulating layer on Said thin film transis 
tor. 

7. A thin film device according to any one of claims 3 to 
6, wherein all of Said insulating layers included in Said thin 
film monolithic structure are formed of Said coating film. 

8. A thin film device according to any one of claims 4 to 
6, wherein all of Said insulating layers other than Said gate 
insulating layer are formed of Said coating film. 

9. A thin film device according to any one of claims 1 to 
6, wherein at least two of said thin films included in said thin 
film monolithic structure are formed of Said coating film. 

10. A thin film device according to any one of claims 1 to 
9, wherein Said at least one insulating layer is formed of a 
SiO2 coating film which is obtained by applying a Solution 
containing a polymer having Si-N bonds and performing a 
first annealing process in an oxygen atmosphere. 

11. A thin film device according to claim 10, wherein said 
at least one insulating layer is Subjected to a Second anneal 
ing process after said first annealing process at a temperature 
higher than that in Said first annealing process, So that an 
interface is further cleaned compared to that after Said first 
annealing process. 

12. A thin film device according to any one of claims 2 to 
9, wherein Said Semiconductor layer comprises a Silicon 
coating film which is obtained by applying a Solution 
containing Silicon particles and performing a first annealing 
proceSS and includes an impurity. 

13. A thin film device according to claim 12, wherein Said 
Semiconductor layer is Subjected to a Second annealing 
process after Said first annealing process at a temperature 
higher than that in Said first annealing process, So that the 
crystallinity is improved compared to that after Said first 
annealing process. 

14. A thin film device according to any one of claims 1 to 
9, wherein Said at least one conductive layer is formed of a 
conductive coating film obtained by applying a Solution 
containing conductive particles and performing a first 
annealing process. 

15. A thin film device according to claim 14, wherein said 
at least one conductive layer is Subjected to a Second 
annealing process after Said first annealing process at a 
temperature higher than that in Said first annealing process, 
So that the resistance is reduced compared to that after said 
first annealing process. 

16. A thin film device according to claim 14, wherein Said 
conductive coating film is an ITO coating film. 

17. A thin film device according to claim 16, wherein a 
Surface of Said ITO coating film is metal-plated. 

18. A thin film device according to any one of claims 13 
to 17, wherein Said at least one conductive layer further 
comprises a conductive Sputtering film formed on a contact 
face of Said conductive layer by a Sputtering process. 
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19. A thin film device according to claim 1, wherein said 
thin film monolithic Structure further comprises a plurality 
of pixel Switching elements arranged at corresponding pixels 
formed near interSections of a plurality of data lines with a 
plurality of Scanning lines, and pixel electrodes connected 
thereto. 

20. A thin film device according to claim 19, wherein each 
of Said pixel Switching elements is a thin film transistor. 

21. A thin film device according to claim 20, wherein Said 
thin film transistor comprises: 

a Source region electrically connected to one of Said data 
lines, 

a gate electrode electrically connected to one of Said 
Scanning lines, and 

a drain electrode electrically connected to one of Said 
pixel electrodes, wherein 

Said pixel electrode is formed of a conductive coating 
film. 

22. A thin film device according to claim 21, wherein Said 
conductive coating film is an ITO coating film. 

23. A thin film device according to either claim 21 or 22, 
wherein Said thin film transistor further comprises an inter 
level insulating film formed on the top face of Said gate 
electrode, and Said data line and Said pixel electrode are 
electrically connected to Said Source region and Said drain 
region, respectively, through respective contact holes 
formed in Said interlevel insulating film. 

24. A thin film device according to claim 23, wherein said 
interlevel insulating film comprises a lower interlevel insu 
lating film lying at the lower Side and an upper interlevel 
insulating film formed on Said lower interlevel insulating 
film, 

each of Said data lines is electrically connected to Said 
Source region through a first contact hole formed in Said 
lower interlevel insulating film, 

each of Said pixel electrodes is electrically connected to 
Said drain region through a Second contact hole formed 
in Said lower interlevel insulating film and Said upper 
interlevel insulating film, and 

the periphery of Said pixel electrode lies above Said data 
lines and Said Scanning lines. 

25. A thin film device according to either claim 23 or 24, 
wherein each of Said pixel electrodes formed of Said con 
ductive coating film is electrically connected to Said drain 
electrode through a conductive Sputtering film. 

26. A thin film device according to claim 25, wherein Said 
conductive Sputtering film is an ITO Sputtering film. 

27. A thin film device according to either claim 25 or 26, 
wherein Said conductive coating film and Said conductive 
Sputtering film have a common pattern. 

28. A thin film device according to either claim 25 or 26, 
wherein the periphery of Said conductive coating film lies 
outside the periphery of Said conductive Sputtering film. 

29. A thin film device according to either claim 25 or 26, 
wherein Said conductive Sputtering film and Said data lines 
lie in a common layer and are formed of a common metallic 
material. 

30. A thin film device according to either claim 25 or 28, 
wherein Said conductive Sputtering film lies above Said data 
lines. 
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31. A thin film device according to claim 23, wherein said 
interlevel insulating film comprises a lower interlevel insu 
lating film lying at the lower Side and an upper interlevel 
insulating film formed on Said lower interlevel insulating 
film, a conductive Sputtering film formed on Said upper 
interlevel insulating film, Said conductive Sputtering film 
and Said data lines lying in the same layer, 

each of Said data lines is electrically connected to Said 
Source region through a first contact hole formed in Said 
lower interlevel insulating film, 

Said conductive Sputtering film is electrically connected to 
Said drain region through a Second contact hole formed 
in Said upper interlevel insulating film and Said lower 
interlevel insulating film, and 

Said conductive coating film is deposited on Said conduc 
tive Sputtering film. 

32. A thin film device according to claim 23, wherein said 
interlevel insulating film comprises a lower interlevel insu 
lating film lying at the lower Side and an upper interlevel 
insulating film formed on Said lower interlevel insulating 
film, a conductive Sputtering film formed on Said lower 
interlevel insulating film, Said conductive Sputtering film 
and Said data lines lying in the same layer, 

each of Said data lines is electrically connected to Said 
Source region through a first contact hole formed in Said 
lower interlevel insulating film, 

Said conductive Sputtering film is electrically connected to 
Said drain region through a second contact hole formed 
in Said lower interlevel insulating film, and 

Said conductive coating film is deposited on Said upper 
interlevel insulating film and electrically connected to 
Said conductive Sputtering film through a third contact 
hole formed in Said upper interlevel insulating film. 

33. A liquid crystal panel comprising: 

an active matrix substrate provided with a thin film device 
described in any one of claims 19 to 32, 

a counter Substrate facing Said active matrix Substrate, and 
a liquid crystal layer encapsulated between said active 

matrix Substrate and Said counter Substrate. 
34. An electronic device comprising the liquid crystal 

panel described in claim 34. 
35. A method for making a thin film device having a thin 

film monolithic Structure comprising a plurality of thin films 
including at least one insulating layer and at least one 
conductive layer; 

the manufacturing Steps of at least one of Said thin films 
in Said thin film monolithic structure comprising: 
a step for applying a coating Solution containing a 

constituent of Said thin film onto a Substrate; and 
a step for forming a coating film (excluding a spin-on 

glass film having a basic Structure comprising Silox 
ane bonds) by annealing the coated Surface on said 
Substrate. 

36. A method for making a thin film device according to 
claim 35, wherein the manufacturing Steps of Said at least 
one insulating layer comprises: 

a first step applying a coating Solution containing a 
polymer having Si-N bonds onto Said Substrate, and 
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a Second step applying a first annealing process to the 
coated Surface in an oxygen atmosphere to form a SiO2 
insulating coating film; and 

wherein Said at least one insulating layer is formed of Said 
insulating coating film. 

37. A method for making a thin film device according to 
claim 36, wherein Said manufacturing Steps further com 
prises a third Step of applying a Second annealing process to 
Said Substrate after Said Second Step at a temperature higher 
than that in Said first annealing process, So that the interface 
of Said at least one insulating layer is further cleaned 
compared to that after said first annealing process. 

38. A method for making a thin film device according to 
claim 37, wherein Said Second annealing proceSS is per 
formed by laser annealing or lamp annealing. 

39. A method for making a thin film device according to 
claim 35, wherein said thin film monolithic structure further 
comprises a Silicon Semiconductor layer, and 

the manufacturing Steps of Said Silicon Semiconductor 
layer comprises: 

a first Step applying a coating Solution containing 
Silicon particles onto Said Substrate, 

a Second Step applying a first annealing process onto 
the coated Surface to form a Silicon coating film, and 

a third Step forming Said Silicon Semiconductor layer by 
implanting an impurity into Said Silicon coating film. 

40. A method for making a thin film device according to 
claim 39, wherein a Second annealing process at a tempera 
ture higher than that in Said first annealing process is 
performed after Said Second annealing process So as to 
improve the crystallinity in Said Silicon coating film com 
pared to that after Said first annealing process. 

41. A method for making a thin film device according to 
claim 40, wherein Said Second annealing proceSS is per 
formed by laser annealing or lamp annealing. 

42. A method for making a thin film device according to 
any one of claims 39 to 41, wherein said third step further 
comprises: 

forming a layer containing an impurity by coating onto 
Said Silicon coating film, and 

heating Said layer containing Said impurity to diffuse Said 
impurity into Said Silicon coating film. 

43. A method for making a thin film device according to 
claim 35, wherein Said manufacturing Steps of Said at least 
one conductive layer comprises: 

a first Step applying a coating Solution containing con 
ductive particles onto Said Substrate, and 

a Second Step applying a first annealing process onto the 
coated Surface to form a conductive coating film; 

Said at least one conductive layer being formed of Said 
conductive coating film. 

44. A method for making a thin film device according to 
claim 43, wherein a Second annealing process at a tempera 
ture higher than that in Said first annealing process is 
performed after Said Second annealing process So as to 
reduce the resistance of Said conductive coating film com 
pared to that after Said first annealing process. 
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45. A method for making a thin film device according to 
claim 44, wherein Said Second annealing proceSS is per 
formed by laser annealing or lamp annealing. 

46. A method for making a thin film device according to 
claim 35, wherein Said manufacturing Steps of Said at least 
one conductive layer comprises: 

a first annealing Step annealing Said coated Surface in an 
oxygen atmosphere or a nonreductive atmosphere, and 

a Second annealing Step annealing Said coated Surface in 
a hydrogen atmosphere or a reductive atmosphere; 

Said at least one conductive layer being formed of a 
transparent conductive coating film. 

47. A method for making a thin film device according to 
claim 46, wherein the annealing temperature in Said Second 
annealing Step is Set to a temperature lower than the anneal 
ing temperature in Said first annealing Step. 

48. A method for making a thin film device according to 
either claim 46 or 47, wherein after Said Second annealing 
Step said Substrate is maintained in a nonoxidative atmo 
Sphere until the temperature of Said Substrate decreases to 
200° C. or less. 

49. A method for making a thin film device according to 
any one of claims 46 to 48, wherein a coating Solution 
containing indium (In) and tin (Sn) is applied onto said 
Substrate to form Said transparent conductive coating film by 
an ITO coating film. 

50. A method for making a thin film device according to 
claim 49, wherein Said method further comprises a step for 
metal-plating on the Surface of Said ITO coating film after 
Said Second annealing Step. 

51. A method for making a thin film device according to 
claim 49, wherein Said method further comprises a step for 
forming a conductive Sputtering film onto the contact face of 
Said ITO coating film by a Sputtering process. 

52. A method for making a thin film device according to 
any one of claims 35 to 51, wherein in the coating Step of 
Said Solution, Said Solution is applied onto only the coating 
region on Said Substrate to form a patterned coating film on 
Said Substrate. 
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53. A method for making a thin film device comprising: 

preparing a coating Solution-dispenser head having a 
plurality of nozzles, and 

discharging Said coating Solution onto only the coating 
region on a Substrate while changing a relative position 
between Said Substrate and Said plurality of nozzles to 
form a patterned coating film on Said Substrate. 

54. A method for making a thin film device according to 
claim 53, wherein Said a plurality of nozzles are indepen 
dently controlled in discharging States or nondischarging 
States, and the relative position between Said SubStrate and 
Said a plurality of nozzles is changed while controlling the 
coating timing at individual nozzles. 

55. A method for making a thin film device according to 
either claim 53 or 54, wherein said coating solution is a resist 
Solution, and Said resist Solution is applied in accordance 
with a given pattern and then annealed to pattern-form a 
resist film. 

56. A method for making a thin film device according to 
either claim 53 or 54, wherein Said coating Solution contains 
a constituent of a thin film which is pattern-formed onto Said 
Substrate, and Said coating Solution is applied in accordance 
with a given pattern and then annealed to pattern-form Said 
thin film. 

57. A method for making a thin film device according to 
claim 56, wherein said thin film is a conductive layer having 
a given pattern. 

58. A method for making a thin film device according to 
claim 56, wherein Said thin film is an insulating layer having 
a given pattern. 

59. A method for making a thin film device according to 
claim 58, wherein a contact hole is simultaneously formed 
in Said insulating layer. 


