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ELECTRONICS DEVICE, SEMICONDUCTOR 
DEVICE, AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to a semiconductor device 

having a circuit including a thin ?lm transistor (hereinafter 
referred to as a TFT), and to a method for manufacturing the 
same. For example, the invention relates to an electronics 
device on Which an electro-optical device typi?ed by a liquid 
crystal display panel or a light emitting display device having 
an organic light emitting element is mounted as its compo 
nent. 

In this speci?cation, the term semiconductor device refers 
to a device in general that utiliZes semiconductor character 
istics to function, and electro-optical devices, semiconductor 
circuits and electronics devices are all included in the semi 
conductor device. 

2. Description of the Related Art 
In recent years, a technique for forming a thin ?lm transis 

tor (a TFT) by using a semiconductor thin ?lm (thickness is 
about from several nm to several hundreds nm) formed over a 
substrate having an insulating surface has draWn attention. 
The thin ?lm transistor has gained a Wide application in 
electronics devices such as an IC and an electro-optical 
device, and particularly, development of a TFT as a sWitching 
element for an image display device has been hurriedly car 
ried out. 

In order to obtain a high quality image in an image display 
device, An active matrix liquid crystal display device and an 
active matrix light emitting device as image display devices in 
Which pixel electrodes are arranged in matrix and TFTs as 
sWitching elements connected to the respective pixel elec 
trodes are used have draWn an attention. 

Such an active matrix display device has been expanded in 
application. Therefore, the device is required to have high 
resolution, high opening ratio, and high reliability With the 
increase in a screen siZe. 

It is possible to form a pixel portion that performs image 
display, and a driver circuit for controlling a pixel portion 
such as a shift register circuit, a level shifter circuit, a buffer 
circuit, a sampling circuit, or the like based on a CMOS 
circuit in each functional block, over a single substrate for a 
liquid crystal module mounted on a liquid crystal display 
device. 

Further, in the pixel portion of the liquid crystal module, a 
TFT (a pixel TFT) is arranged in each of several tens to 
several millions of pixels and each pixel TFT is provided With 
a pixel electrode. A counter electrode is provided on a counter 
substrate side so that a liquid crystal is interposed betWeen the 
tWo electrodes, to thereby form a kind of capacitor With the 
liquid crystal used as a dielectric. A voltage applied to each 
pixel is then controlled by a sWitching function of the TFT to 
control the application of charge to the capacitor. Thus, the 
liquid crystal is driven, thereby displaying an image through 
the control of an amount of transmitted light. 

In a liquid crystal display device, When a pixel electrode is 
formed over an interlayer insulating ?lm having unevenness, 
unevenness is also formed on the surface of the pixel elec 
trode along the unevenness of the interlayer insulating ?lm. 
The uneven portion has a possibility to cause an orientation 
defect of a liquid crystal. 

In recent years, research related to a light emitting device 
having an EL element as a self-luminous light emitting ele 
ment has been activated. The light emitting device is also 
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2 
referred to as an organic EL display or an organic light emit 
ting diode. Since these light emitting devices have character 
istics such as rapid speed of response that is suitable for movie 
display, loW voltage, loW poWer consumption driving, they 
attracts an attention for a next generation display including a 
neW generation’s cellular phone and a personal digital assis 
tance (PDA). 
As for the EL element, it is said that by sandWiching an 

organic compound layer betWeen a pair of electrodes and 
applying voltage therebetWeen, an electron injected from a 
cathode and a hole injected from an anode are recombined at 
luminescence center in the organic compound layer to form a 
molecular exciton and When the molecular exciton returns to 
the ground state, energy is discharged to emit light. There are 
knoWn singlet excitation and triplet excitation in an excited 
state, and it seems that light can be emitted by Way of either of 
the excited states. 

There are an inorganic light emitting material and an 
organic light emitting material as a light emitting material 
used for an EL element, and the organic light emitting mate 
rial driven With loW voltage draWs attention. 

HoWever, also in a light emitting device using an EL ele 
ment, When an anode (or a cathode) is formed over an inter 
layer insulating ?lm having unevenness, there is a possibility 
that short is generated betWeen the anode and the cathode 
since a layer containing an organic compound is thin. 

Further, an organic EL element using an organic material 
for an EL element has a problem that luminescence properties 
such as luminance or evenness of luminescence signi?cantly 
deteriorate compared to an early period. The loW reliability is 
a factor causing the practical application to be limited. 
As one factor of Worsening reliability, moisture or oxygen 

Which intrudes into the organic EL element from outside is 
given. 

In an EL display device (panel) using an EL element, 
moisture intruding inside cause a severe reliability loWering 
to generate a dark spot, shrink or luminance deterioration 
from the periphery of a light emitting display device. The dark 
spot is a phenomenon in Which luminance deteriorates partly 
(including a pixel Which does not emit light). The dark spot is 
generated When a hole emerges on an upper electrode, for 
example. Shrink is a phenomenon in Which luminance dete 
riorates from an edge of a pixel. 

Accordingly, a display device having a structure for pre 
venting the above-mentioned deterioration of the EL element 
has been developed. In order to prevent the foregoing prob 
lems, there is a method in Which the EL element is stored in an 
airtight container to shield from outside air by sealing the EL 
element in the enclosed space, and a desiccant is further 
provided separate from the EL element in the enclosed space 
(for example, Reference 1: Japanese Patent Laid-Open No. 
Hei 9-148066). 

Further, there is another method in Which a sealant is 
formed over an insulator With the EL element formed thereon, 
and an enclosed space surrounded by a covering member and 
the sealant is ?lled With a ?ller made of a resin or the like; 
therefore, the EL element is sealed from outside (for example, 
Reference 2: Japanese Patent Laid-Open No. Hei 
13-203 076). 

In the above-mentioned references, a sealant is formed 
over an insulator With an EL element formed thereon, and an 
enclosed space surrounded by a covering member and the 
sealant is formed. 

Brie?y, moisture Which causes deterioration such as a dark 
spot intrudes into a display device after sealing in most cases. 
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In addition, moisture or oxygen intrudes mainly through the 
sealant since an insulator and a covering material are made of 
metal or glass in most cases. 

When the sealant for sealing is on laminated ?lms, all the 
laminated ?lms are to directly contact With atmosphere out 
side of a panel. Therefore, moisture or oxygen outside the 
panel intrudes inside the display device through the laminated 
?lms. Further, When a material high in moisture permeability 
and Water-absorbing property such as acrylic is used as an 
interlayer ?lm, intruding moisture or oxygen is increased. 

In addition, in the case of performing patterning of a par 
tition Wall, or an aperture step or a Washing step of a contact 
hole after forming the interlayer ?lm, When the interlayer ?lm 
has a Water absorption property, moisture is included inside 
the interlayer ?lm during these steps. 

Moisture or oxygen intrudes from an exterior surface of the 
interlayer ?lm, then, intrudes into the interlayer ?lm Which is 
directly contact With the EL element after going through a 
disconnection part and the like generated by poomess of 
deposition property of source and drain electrodes in the 
contact hole. Alternatively, moisture included in the inter 
layer ?lm intrudes into of the EL element. It is thought that 
various deterioration such as internal contamination of an EL 
display device, deterioration of electric property, a dark spot 
or shrink. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a high 
reliable EL display device and a manufacturing method 
thereof Without enlarging the EL display device by shielding 
intruding moisture or oxygen, Which is a factor of deteriorat 
ing the property of an EL element. 

In addition, the invention provides an interlayer insulating 
?lm Which has su?icient planarity and insulation in an insu 
lating ?lm having planarity used for a semiconductor device 
and in Which moisture content does not change even When a 
Wet step is performed later. 

In the invention, an interlayer insulating ?lm Which is high 
in heat resistance, insulation and planariZation rate is required 
as an interlayer insulating ?lm provided forplanariZation. It is 
preferable to use application typi?ed by spin coat as a method 
for forming such an interlayer insulating ?lm rather than 
CVD or vapor deposition. 

In the invention, application is used as a method for form 
ing a high thermostability planariZing ?lm, typically, an inter 
layer insulating ?lm (a ?lm Which serves as a base ?lm of a 
light emitting element later) over a TFT in Which a skeletal 
structure is con?gured by the combination of silicon (Si) and 
oxygen (0). After the formation, an edge portion or an open 
ing portion is formed to have a tapered shape. Afterwards, 
distortion is given by adding an inert element With a compara 
tively large atomic radius to modify or densify a surface 
(including a side surface) for preventing the intrusion of 
moisture or oxygen. 

A solution ingredient is prevented from intruding into the 
high thermostability planariZing ?lm or reacting When per 
forming a step With the use of liquid (referred to also as a Wet 
step) later by adding an inert element and modifying a surface 
of the high thermostability planariZing ?lm. In addition, 
moisture or a gas is prevented from being released from the 
inside of the high thermostability planariZing ?lm When a 
heat treatment step is performed later. Further, moisture or a 
gas is prevented from being released from the inside of the 
high thermostability planariZing ?lm by a change over time to 
enhance reliability of a semiconductor device. 
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4 
In a liquid display device or a light emitting display device, 

a circumference of a display portion is surrounded by a seal 
ant and sealed With a pair of substrates. HoWever, an inter 
layer insulating ?lm of a TFT is provided over the entire 
surface of a substrate. Therefore, When a pattern of the sealant 
is described Within a circumference edge of the interlayer 
insulating ?lm, there is a possibility that moisture or an impu 
rity might intrude from a part of the interlayer insulating ?lm 
Which is located outside the pattern of the sealant. Hence, the 
circumference of the high thermostability planariZing ?lm 
used as the interlayer insulating ?lm of the TFT is made 
Within the pattern of the sealant, preferably, the edge portion 
of the high thermostability planariZing ?lm is covered With 
the sealant so as to overlap With the pattern of the sealant. 
Further, intrusion of moisture or oxygen is prevented by 
forming the edge portion of the high themostability planariZ 
ing ?lm to have a tapered shape and adding an inert element 
there to highly densify. In addition, etching may be performed 
for selectively forming only the edge portion of the high 
thermostability planariZing ?lm to have a tapered shape. 
The ?rst con?guration of the invention disclosed in this 

speci?cation is a light emitting device including a display 
portion Which is formed by arranging light emitting elements 
betWeen a pair of substrates, Wherein the light emitting ele 
ments are formed over a high thermo stability planariZing ?lm 
formed over one substrate, and the pair of substrates are ?xed 
to each other With a sealant surrounding a circumference of 
the display portion, and an edge portion of the high thermo 
stability planariZing ?lm has a tapered shape, and is added 
With an inert element. 

In addition, in a liquid crystal display device or a light 
emitting display device, an opening Which serves as a contact 
hole is formed in an interlayer insulating ?lm. Therefore, a 
solution ingredient intrudes into the interlayer insulating ?lm 
or reacts When Wet etching or puri?ed Water Washing is per 
formed in patterning of a Wiring performed after forming the 
opening. Therefore, it is preferable to prevent intrusion of 
moisture or oxygen by highly densifying a side surface of an 
opening portion by adding an inert element, after forming an 
opening in the high thermostability planariZing ?lm. Then, 
patterning of a Wiring is performed. In the invention, a step of 
forming an opening in the high thermostability planariZing 
?lm to have a tapered shape is performed simultaneously With 
a step of forming an edge portion of the high thermostability 
planariZing ?lm to have a tapered shape, then, modi?ed by 
entirely adding an inert element thereto. 

In the invention, the method for forming an interlayer 
insulating ?lm by application is shoWn in the folloWing. Ini 
tially, thinner pre-Wet treatment is performed to improve Wet 
tability after performing Washing With puri?ed Water. Then, a 
liquid raW material called varnish in Which a loW molecular 
Weight ingredient (a precursor) having the combination of 
silicon (Si) and oxygen (0) is dissolved into a solvent is 
applied over the substrate by spin coat or the like. AfterWards, 
an interlayer insulating ?lm can be obtained as a thin ?lm by 
conducting volatiliZation (evaporation) of a solvent and 
crosslinking reaction of the loW molecular Weight ingredient 
by heating the varnish along With a substrate. Then, a portion 
of the interlayer insulating ?lm formed in a circumference of 
the substrate is removed. In addition, a ?lm thickness is 
controlled by a spin rotation rate, rotation time, and the den 
sity and viscosity of the varnish. 
As a material of the interlayer insulating ?lm, a material in 

Which a skeletal structure is con?gured by the combination of 
silicon (Si) and oxygen (0), and Which has at least one kind of 
hydrogen, ?uorine, an alkyl group or aromatic hydrocarbon 

IPR2024-01131 - BOE 
Exhibit 1009 - Page 16



US 7,446,336 B2 
5 

as a substituent. The interlayer insulating ?lm after baking 
can be referred to as an SiOx ?lm containing an alkyl group. 

In addition, as the added inert element, one kind or plural 
kinds of He, Ne, Ar, Kr and Xe can be used. Above all, it is 
preferable to use argon since it has the comparatively large 
atomic radius and is inexpensive. It is also preferable that 
light transmittance of the interlayer insulating ?lm does not 
decrease even When the inert element is added. The inert 
element may be appropriately added by using ion doping, ion 
implantation or plasma treatment. 

The second con?guration of the invention is a light emit 
ting device having a display portion Which is formed by 
arranging a light emitting elements betWeen a pair of sub 
strates, Wherein the light emitting elements are connected to 
thin ?lm transistors formed over one substrate, a high ther 
mostability planariZing ?lm added With an inert element as an 
interlayer insulating ?lm is formed over the thin ?lm transis 
tors, and the light emitting elements are formed over the high 
thermostability planariZing ?lm. 

The third con?guration of the invention is a light emitting 
device having a display portion formed by arranging light 
emitting elements betWeen a pair of substrates, Wherein the 
light emitting elements are connected to thin ?lm transistors 
formed over one substrate, a high thermostability planariZing 
?lm added With an inert element as an interlayer insulating 
?lm is formed over the thin ?lm transistors, a source electrode 
or a drain electrode of the thin ?lm transistor is connected to 
an active layer through an opening portion provided in the 
high thermo stability planariZing ?lm, the opening portion has 
a tapered shape and added With the inert element, and the light 
emitting element is formed over the high thermo stability pla 
narizing ?lm. 
As for the above-mentioned second or third con?guration, 

the pair of substrates are ?xed to each other With a sealant 
surrounding a circumference of the display portion, and an 
edge portion of the high thermostability planariZing ?lm has 
a tapered shape and added With an inert element. 

In addition, as for each above-mentioned con?guration, the 
inert element contained in the high thermostability planariZ 
ing ?lm is Within the concentration range from l><l0l9 atoms/ 
cm3 to 5><l021 atoms/cm3, typically, from 2><l0l9 atoms/cm3 
to 2><l021 atoms/cm3. 

In addition, as for each above-mentioned con?guration, a 
taper angle at an edge portion of the high thermostability 
planariZing ?lm is more than 30° and less than 75°. HoWever, 
When the inert element is added by using plasma treatment or 
oblique doping, a side surface of the high thermostability 
planariZing ?lm can be modi?ed Without forming the edge 
portion to have a tapered shape. 

In addition, as for each above-mentioned con?guration, the 
sealant covers the side surface of the edge portion of the high 
thermostability planariZing ?lm, or surrounds a circumfer 
ence of the high thermostability planariZing ?lm. When the 
sealant is arranged so as to cover the side surface of the edge 
portion of the high thermostability planariZing ?lm, an EL 
display device With high reliability can be obtained by shield 
ing intruding moisture or oxygen Which causes deterioration 
of properties of an EL element Without enlarging an EL 
display device. 

In each above-mentioned con?guration, the light emitting 
device is applicable to both an active matrix type and a passive 
matrix type. 

Further, a light emitting element (an EL element) has a 
layer containing an organic compound achieving lumines 
cence (Electro Luminescence) generated by applying an elec 
tric ?eld, an anode, and a cathode. The luminescence in the 
organic compound includes luminescence (?uorescence) in 
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6 
returning from a singlet excited state to the ground state and 
luminescence (phosphorescence) in returning from a triplet 
excited state to the ground state. A light emitting device 
fabricated according to the invention is applicable to both 
cases of using luminescence. 
A light emitting element (an EL element) having an EL 

layer is constituted by a structure in Which the EL layer is 
sandWiched betWeen a pair of electrodes and the EL layer is 
normally constructed by a laminated structure. Typically, 
there is pointed out a laminated structure of “hole transport 
ing layer/ light emitting layer/electron transporting layer.” 
The structure is provided With very high luminescence e?i 
ciency and currently, almost all the light emitting devices on 
Which research and development has been progressed With 
adopting the structure. 

Further, otherWise, it may be a structure of laminating a 
hole injecting layer, a hole transporting layer, a light emitting 
layer, and an electron transporting layer, or a hole injecting 
layer, a hole transporting layer, a light emitting layer, an 
electron transporting layer, and an electron injecting layer, 
constructed in this order over an anode. The light emitting 
layer may be doped With a ?uorescent pigment or the like. 
Further, all of the layers may be formed by using a loW 
molecular Weight material or using a high molecular Weight 
material. In addition, a layer containing an inorganic material 
may be used. Further, in the speci?cation, all the layers pro 
vided betWeen a cathode and an anode are generally referred 
to as EL layers. Therefore, all of the hole injecting layer, the 
hole transporting layer, the light emitting layer, the electron 
transporting layer and the electron injecting layer are 
included in the EL layers. 

In the light emitting device according to the invention, the 
driving method for screen display is not especially limited. 
For example, a dot-sequential driving method, a line-sequen 
tial driving method, or a plane-sequential driving method can 
be used for the driving. Typically, the line-sequential driving 
method is used, and a time-division gray scale driving method 
or an area gray scale driving method may also be used appro 
priately. In addition, a video signal for inputting into a source 
line of the light emitting device may be an analog signal or a 
digital signal. A driving circuit or the like may be appropri 
ately designed in accordance With the video signal. 
The fourth con?guration regarding a manufacturing 

method is a method for manufacturing a light emitting device 
having a thin ?lm transistor and a light emitting element over 
a substrate having an insulating surface, Wherein the method 
for manufacturing the light emitting device includes the steps 
of: forming a thin ?lm transistor having a semiconductor 
layer having a source region, a drain region and a channel 
forming region therebetWeen, a gate insulating ?lm and a gate 
electrode over a ?rst substrate having an insulating surface; 
forming a high thermo stability planariZing ?lm over uneven 
ness shape caused by the thin ?lm transistor; forming an 
opening portion Which has a side With a tapered shape, and is 
located over the source region or the drain region, and a 
circumference having a tapered shape by selectively remov 
ing the high themostability planariZing ?lm; adding an inert 
element to the high thermostability planariZing ?lm; forming 
a contact hole Which reaches the source region or the drain 
region by selectively removing the gate insulating ?lm; form 
ing an electrode Which reaches the source region or the drain 
region and an anode; forming a layer containing an organic 
compound over the anode; forming a cathode over the layer 
containing the organic compound; sealing the light emitting 
element by attaching a second substrate to the ?rst substrate 
With a sealant surrounding a circumference of the light emit 
ting element. 
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The ?fth con?guration of the invention regarding a manu 
facturing method is a method for manufacturing a light emit 
ting device having a thin ?lm transistor and a light emitting 
element over a substrate having an insulating surface, 
Wherein the method for forming the light emitting device 
includes the steps of: forming a thin ?lm transistor having a 
semiconductor layer having a source region, a drain region 
and a channel forming region therebetWeen, a gate insulating 
?lm and a gate electrode over a ?rst substrate having an 
insulating surface; forming a high thermo stability planariZing 
?lm over unevenness shape caused by the thin ?lm transistor; 
forming a contact hole Which has a side With a tapered shape 
and reaches the source region or the drain region, and a 
circumference having a tapered shape by selectively remov 
ing the high thermostability planariZing ?lm; adding an inert 
element to the high thermostability planariZing ?lm; forming 
an electrode and an anode Which reaches the source region or 
the drain region; forming a layer containing an organic com 
pound over the anode; forming a cathode over the layer con 
taining the organic compound; and sealing the light emitting 
element by attaching a second substrate to the ?rst substrate 
With a sealant surrounding a circumference of the light emit 
ting element. 
As for the above-mentioned fourth and ?fth con?gurations, 

the high thermostability planariZing ?lm is an SiOx ?lm 
containing an alkyl group formed by application. The step of 
adding the inert element to the high thermo stability planariZ 
ing ?lm in the con?gurations 4 and 5 is performed by ion 
doping, ion implantation or plasma treatment. 

The sixth con?guration of the invention is a semiconductor 
device including a display portion formed by arranging thin 
?lm transistors betWeen a pair of substrates, Wherein a high 
thermostability planariZing ?lm to Which an inert element is 
formed over the thin ?lm transistors as an interlayer insulat 
ing ?lm, a source electrode or a drain electrode of the thin ?lm 
transistor is connected to an active layer through an opening 
portion provided in the high thermostability planariZing ?lm, 
and the opening portion has a tapered shape and added With an 
inert element. 

According to the sixth con?guration, the pair of substrates 
are ?xed to each other With a sealant surrounding a circum 
ference of the display portion, and an edge portion of the high 
thermostability planariZing ?lm has a tapered shape and 
added With an inert element. 

The seventh con?guration of the invention is a semicon 
ductor device including a display portion formed by arrang 
ing thin ?lm transistors betWeen a pair of substrates, Wherein 
a high thermostability planariZing ?lm in Which a surface is 
modi?ed by an inert element is formed over the thin ?lm 
transistors as an interlayer insulating ?lm, and a source elec 
trode or a drain electrode of the thin ?lm transistor is con 
nected to an active layer through an opening portion provided 
in the high thermostability planariZing ?lm. 

The present invention is applicable to any TFT structure. 
For instance, the invention can be applied to a top gate TFT, a 
bottom gate (inversely staggered) TFT or a staggered TFT. 
As an active layer of the TFT, an amorphous semiconduc 

tor ?lm, a semiconductor ?lm containing a crystal structure, a 
semiconductor compound ?lm containing an amorphous 
structure can be appropriately used. Further, a semi-amor 
phous semiconductor ?lm Which is semiconductor having an 
intermediate structure of an amorphous structure and a crystal 
structure (including single crystal and polycrystal), and a 
tertiary state Which is stable energetically, and including a 
crystalline region having a short distance order and lattice 
distortion (also referred to as a microcrystal semiconductor 
?lm) can be used as the active layer of the TFT. In the semi 
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8 
amorphous semiconductor ?lm, a crystal grain having a grain 
diameter from 0.5 nm to 20 nm is included in at least one 
region of the ?lm, and in the Raman spectrum, the peak 
speci?c to silicon shifts to the loWer side of Wave number of 
520 cm“. In addition, in the semi-amorphous semiconductor 
?lm, a diffraction peak of (111) and (220) derived from a Si 
crystal lattice is observed in x-ray diffraction. The semi 
amorphous semiconductor ?lm includes hydrogen or halogen 
at least 1 atom % as a neutraliZer of an uncombined hand (a 
dangling bond). The semi-amorphous semiconductor ?lm is 
manufactured by performing gloW discharging decomposi 
tion (plasma CVD) of a silicide gas. As the silicide gas, SiH4, 
additionally, Si2H6, SiH2Cl2, SiHCl3, SiCl4, SiF4, or the like 
can be used. The silicide gas may be diluted With H2, or H2 
and one or more of rare gas elements: He, Ar, Kr, and Ne. 
Dilution ratio is Within the range from 2 times to 1000 times. 
Pressure is roughly Within the range from 0.1 Pa to 133 Pa; 
poWer frequency, from 1 MHZ to 120 MHZ, preferably from 
13 MHZ to 60 MH; and substrate heating temperature, at most 
3000 C., preferably from 1000 C. to 2500 C. An atmospheric 
constitution impurity such as oxygen, nitrogen or carbon as 
an impurity element Within a ?lm is preferably at mo st l x l 020 
atoms/cm3, in particular, oxygen concentration is at most 
5><l0 atoms/cm3 , preferably, at most l><l0l9 atoms/cm3 . 
Note that electric ?eld-effect mobility p. of a TFT in using a 
semi-amorphous ?lm as an active layer is from 1 cm2/V sec to 
10 cm2/V sec. 
According to a high thermostability planariZing ?lm of the 

invention, an orientation defect of a liquid crystal can be 
prevented by eliminating unevenness due to a gate electrode 
or a semiconductor layer in a liquid crystal display device. 
The high thermostability planariZing ?lm can have high light 
transmittance and preferable display properties. 

In addition, in a light emitting device using a layer contain 
ing an organic compound as a light emitting layer, reliability 
is improved by providing an interlayer insulating ?lm Which 
has the small amount of dehydration and degasi?cation, and a 
structure in Which moisture, oxygen, or the like is prevented 
from passing through the interlayer insulating ?lm from out 
side and intruding into an organic EL element Without enlarg 
ing the light emitting device. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A to 1D shoW manufacturing steps of a light emit 
ting device. 

FIGS. 2A to 2C shoW sectional vieWs and a top vieW of a 
light emitting device. 

FIGS. 3A and 3B are sectional vieWs of a light emitting 
device. 

FIGS. 4A to 4C are sectional vieWs of a light emitting 
element. 

FIGS. 5A to 5C are vieWs shoWing an application appara 
tus and an edge remover. 

FIG. 6 is a vieW shoWing a formation How of a high ther 
mostability planariZing ?lm. 

FIGS. 7A to 7C are vieWs shoWing ?oWs of addition steps 
of an inert element. 

FIGS. 8A and 8B are vieWs shoWing a sectional and a 
periphery portion of a light emitting device (Embodiment 1). 

FIG. 9 is a vieW shoWing an enlarged illustration of a 
periphery portion (Embodiment 2). 

FIGS. 10A and 10B are vieWs shoWing cross sectionals of 
a light emitting device (Embodiment 3). 

FIG. 11 is a vieW shoWing an active matrix liquid crystal 
display device (Embodiment 4). 
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FIGS. 12A to 12G are vieWs showing examples of an 
electronics device. 

FIG. 13 is a vieW showing an example of an electronics 
device. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiment Mode 

An embodiment mode of the present invention is described 
hereinafter. 
A base insulating ?lm 11 is formed over a substrate 10. As 

the substrate 10, a glass substrate, a quartz substrate, a silicon 
substrate, a metal substrate or a stainless steel substrate With 
an insulating ?lm formed on its surface may be used. A plastic 
substrate durable to the processing temperature may also be 
used. 
As the base insulating ?lm 11, an insulating ?lm such as a 

silicon oxide ?lm, a silicon nitride ?lm or a silicon oxynitride 
?lm may be used. Although a tWo-layer structure is used for 
the base insulating ?lm 11 in this embodiment mode, a struc 
ture having a single layer ?lm, or tWo or more laminated 
layers of the insulating ?lms may be used. Note that the base 
insulating ?lm need not be formed particularly. 

Then, a semiconductor layer is formed over the base insu 
lating ?lm. The semiconductor layer is obtained by forming a 
semiconductor ?lm having an amorphous structure by a 
knoWn method (sputtering, LPCVD, plasma CVD, or the 
like), crystallizing the semiconductor ?lm by knoWn crystal 
lization treatment (laser crystallization, thermal crystalliza 
tion, thermal crystallization using a catalyst such as nickel, or 
the like), and patterning the crystalline semiconductor ?lm to 
have a desired shape using a ?rst photomask. The semicon 
ductor layer is formed to have a thickness from 25 nm to 80 
nm (preferably, from 30 nm to 70 nm). There is no particular 
limit to a material for the crystalline semiconductor ?lm; 
hoWever, the crystalline semiconductor ?lm may be prefer 
ably made of silicon, a silicon-germanium (SiGe) or the like. 

In addition, a continuous oscillation laser may be used for 
crystallization treatment of the semiconductor ?lm having the 
amorphous structure. When crystallizing the amorphous 
semiconductor ?lm, it is preferable that second to fourth 
harmonics of a fundamental Wave may be applied by using a 
solid laser in Which continuous oscillation is possible to 
obtain a crystal With a large grain diameter. Typically, the 
second harmonic (532 nm) or the third harmonic (355 nm) of 
an Nd: YVO4 laser (a fundamental Wave, 1064 nm) may be 
applied. When the continuous oscillation laser is used, laser 
light radiated from a continuous oscillation YVO4 laser of 
output of l 0 W is converted to harmonic by a nonlinear optical 
element. There is also a method for radiating harmonic by 
putting aYVO4 crystal and the nonlinear optical element in a 
resonator. Then, the harmonic is preferably formed so as to 
have a rectangular or elliptical shape on an irradiated surface 
by an optical system and an object to be processed is irradi 
ated thereWith. At this time, the energy density of about from 
0.01 MW/cm2 to 100 MW/cm2 (preferably from 0.1 MW/cm2 
to 10 MW/cm2) is required. The semiconductor ?lm may be 
irradiated by being moved relatively to the laser light at the 
speed of about from 10 cm/ s to 2000 cm/s. 

Subsequently, an insulating ?lm 12 covering the semicon 
ductor layer is formed after removing the resist mask. The 
insulating ?lm 12 is formed to have a thickness of from 1 nm 
to 200 nm by using plasma CVD or sputtering. Preferably, the 
insulating ?lm 12 is formed by performing surface nitriding 
treatment With the use of plasma by an microWave after form 
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10 
ing a monolayer or a laminated structure of the insulating ?lm 
including silicon to have a thin thickness of 10 nm to 50 nm. 

In this Way, When the plasma CVD is used for forming the 
insulating ?lm thin in thickness, it is necessary to obtain the 
thin thickness With good controllability by latening a forma 
tion rate. For example, the deposition speed of the silicon 
oxide ?lm can be set at 6 nm/min When RF poWer is set at 100 

W, 10 kHz; pressure, 0.3 Torr; an NZO gas How, 400 sccm; and 
an SiH4 gas How, 1 sccm. The nitriding treatment With the use 
of the plasma by the microWave is performed With the use of 
a microWave source (2.45 GHz) and a nitrogen gas Which is a 
reactive gas. 

Note that the nitrogen concentration decreases as departing 
from the surface of the insulating ?lm 12. Because of this, the 
surface of the silicon oxide ?lm can be nitrided at high con 
centrations. In addition, deterioration of device properties can 
be prevented by reducing nitrogen of the interface betWeen 
the silicon oxide ?lm and an active layer. In addition, the 
insulating ?lm 12 having the surface treated With nitriding 
functions as a gate insulating ?lm of a TFT. 

Next, a conductive ?lm is formed over the insulating ?lm 
12 to have a thickness ofl from 100 nm to 600 nm. Here, a 
conductive ?lm including a laminate of a TaN ?lm and a W 
?lm is formed by using sputtering. The laminate of the TaN 
?lm and the W ?lm is cited here as the conductive ?lm, but it 
is not limited hereto. As for the conductive ?lm, a monolayer 
containing an element of Ta, W, Ti, Mo, Al or Cu, an alloy 
material or a compound material containing the above ele 
ment as its main component, or a laminate of the monolayers 
can be used. A semiconductor ?lm typi?ed by a polycrystal 
line silicon ?lm in Which an impurity element such as phos 
phorous is doped may be also used. 

Subsequently, a resist mask is formed by using a second 
photomask, and etching is performed by Wet etching or dry 
etching. In the etching step, the conductive ?lm is etched to 
obtain conductive layers 14a, 14b, 15a, and 15b. In addition, 
the conductive layers 14a and 14b function as a gate electrode 
of the TFT, and the conductive ?lms 15a and 15b function as 
a terminal electrode. 

Next, a resist mask is neWly formed by using a third pho 
tomask after removing the resist mask. A ?rst doping step is 
performed to dope an impurity element Which imparts n-type 
conductivity (typically, phosphorus orAs) to a semiconductor 
at loW concentrations to form an n-channel TFT not shoWn 
herein. The resist mask covers a region Which is to serve as a 
p-channel TFT and a region adjacent to the conductive layer. 
A loW concentration impurity region is formed by this ?rst 
doping step through the insulating ?lm. Although a plurality 
of TFTs are used to drive one light emitting element, the 
above-mentioned doping step is not necessary When the light 
emitting element is driven by only p-channel TFTs. 

Then, a resist mask is neWly formed by using a fourth 
photomask after removing the resist mask. A second doping 
step is performed to dope an impurity element Which imparts 
p-type conductivity (typically, boron) to a semiconductor at 
high concentrations. P-type high concentration impurity 
regions 17 and 18 are formed by performing doping through 
the insulating ?lm 12 by the second doping step. 

Then, a resist mask is neWly formed by using a ?fth pho 
tomask. A third doping step is performed to dope an impurity 
element Which imparts n-type conductivity (typically, phos 
phorus or As) to a semiconductor at high concentrations to 
form an n-channel TFT not shoWn herein. The third doping 
step is performed under the condition that the amount of doze 
is set at from l><l0l3 atoms/cm2 to 5><l0l5 atoms/cm2; andthe 
acceleration voltage, from 60 kV to 100 kV. The resist mask 
covers a region Which serves as a p-channel TFT and a region 
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adjacent to the conductive layer. An n-type high concentra 
tion impurity region is formed by performing doping through 
the insulating ?lm 12 by the third doping step. 

Afterwards, activation and hydrogenation of the impurity 
element added to the semiconductor layer are performed after 
removing the resist mask and forming an insulating ?lm 
containing hydrogen 13. The insulating ?lm containing 
hydrogen 13 is formed With the use of a silicon nitride oxide 
?lm (an SiNO ?lm) obtained by PCVD. In addition, gettering 
Which reduces nickel concentration in a channel formation 
region can be also performed at the same time as activation, 
When the semiconductor ?lm is crystallized by using a metal 
element Which promotes crystallization, Which is typically 
nickel. 

Then, a high thermostability planarizing ?lm 16 Which 
serves as an interlayer insulating ?lm is formed. As the high 
thermostability planarizing ?lm 16, an insulating ?lm in 
Which a skeletal structure is formed by the combination of 
silicon (Si) and oxygen (0) obtained by application is used. 

Here, a formation procedure of the high thermostability 
planarizing ?lm 16 is described in detail With reference to 
FIGS. 5A to SC and FIG. 6. 

First, pure Water Washing of a substrate to be processed is 
performed. Megasonic Washing may be performed. Next, 
after performing dehydrobaking for 1 10 seconds at 140° C., a 
temperature of the substrate is regulated by cooling for 120 
seconds With a Water-cooled plate. Next, the substrate is 
transferred to and placed in a spinning applying apparatus 
shoWn in FIG. 5A. 

FIG. 5A shoWs a section schematic diagram of the spinning 
applying apparatus. In FIG. 5A, reference numeral 1001 
denotes a nozzle; 1002, a substrate; 1003, an application cup; 
and 1004, an application material solution. The spinning 
applying apparatus has a mechanism in Which the solution of 
a material to be applied is dropped from the nozzle 1001, and 
the substrate 1002 is placed horizontally in the application 
cup 1003 and the entire application cup rotates. The spinning 
applying apparatus also has a mechanism in Which the pres 
sure of atmosphere in the application cup 1003 can be con 
trolled. 

Next, pre-Wet application is performed to improve Wetta 
bility With the use of an organic solvent such as thinner (a 
volatile mixture solvent formed by mixing aromatic hydro 
carbon (toluene or the like), alcohols, ester acetate or the like). 
Thinner is throWn off by spinning the substrate With high 
speed (rotation rate, 450 rpm), after spreading the thinner 
thoroughly With centrifugal force by spinning the substrate 
(rotation rate 100 rpm) as dropping 70 ml of the thinner. 

Subsequently, the solution of the material to be applied 
prepared by dissolving siloxane system polymer in a solvent 
(propylene glycolmonomethyl ether) is thoroughly spread by 
centrifugal force With gradually spinning (rotation rate from 
0 rpm to 1000 rpm) the substrate and dropping the solution of 
the material to be applied from the nozzle 1001. Then, the 
substrate is gradually spun (rotation rate from 0 rpm to 1400 
rpm) after holding the substrate for 30 seconds for leveling a 
?lm formed by the application step. 

Inside of the application cup 1003 is exhausted to decom 
press, then reduced-pressure drying is performed for Within 1 
minute. 

Edge removing treatment is performed by an edge remover 
equipped in the spinning applying apparatus shoWn in FIG. 
5A. An edge remover 1006 equipped With a means for moving 
Which moves in parallel along the periphery of the substrate 
1002 is shoWn in FIG. 5B. In the edge remover 1006, a thinner 
spraying nozzle 1007 as in FIG. 5C is provided to sandWich 
one side of the substrate, and a circumference of the applica 
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tion ?lm 1008 is dissolved by the thinner. Thereby removing 
the ?lm formed by the application step in the circumference 
of the substrate edge face by exhausting liquid and gas in the 
arroW direction shoWn in the ?gure. 

Then, prebaking is performed by performing baking for 
170 seconds at 110° C. 
A How diagram shoWing the above-mentioned procedure is 

shoWn in FIG. 6. 
The substrate is transferred from the spinning applying 

apparatus and cooled. Then, baking is further performed for 1 
hour at 270° C. Thus, the high thermostability planarizing 
?lm 16 is formed (FIG. 1A). 

In addition, the high termo stability planarizing ?lm 1 6 may 
be formed by ink-jet. A material solution can be saved With 
the use of ink-jet. 
The high thermostability planarizing ?lm 16 in a circum 

ference is removed at the same time as forming a contact hole 
in the high thermostability planarizing ?lm 16 With the use of 
a sixth mask. Here, etching (Wet etching or dry etching) is 
performed under the condition in Which a desirable selective 
ratio can be obtained With respect to the insulating ?lm 13. 
Although there is no limit to an etching gas to be used, CF4, 
02, He andAr is suitable to use. Dry etching is performed by 
setting the How of CF4 at 380 sccm; O2, 290 sccm; He, 500 
sccm; Ar, 500 sccm; RF poWer, 3000 W; and pressure, 25 Pa. 
In addition, the etching time may be increased at the rate of 
about from 10% to 20% for etching the insulating ?lm 13 
Without leaving a residue on its surface. One time etching or 
plural times of etching may be conducted to obtain a tapered 
shape. Here, the tapered shape is obtained by performing the 
second time etching With the use of CF 4, O2, and He by setting 
the flow ofCF4 at 550 sccm; O2, 450 sccm; He, 350 sccm; RF 
poWer, 3000 W; and pressure, 25 Pa (FIG. 1B). 

Next, doping treatment With an inert element is performed 
to form a highly densi?ed part 20 on the surface of the high 
thermostability planarizing ?lm 16 (FIG. 1C). The doping 
treatment may be performed by ion doping or ion implanta 
tion. Typically, argon (Ar) is used as the inert element. Dis 
tortion is given by adding the inert element With a compara 
tively large atomic radius to modify a surface (including a 
side surface) or to highly densify for preventing the intrusion 
of moisture or oxygen. The inert element contained in the 
highly densi?ed part 20 is set Within the concentration range 
from 1><10l9 atoms/cm3 to 5><1021 atoms/cm3, typically, from 
2><10l9 atoms/cm3 to 2><1021 atoms/cm3. In addition, the side 
surface of the high thermostability planarizing ?lm 16 is 
formed to have a tapered shape so as to be doped. It is desir 
able to set the taper angle 0 more than 30° and less than 75°. 

Here, although an application step or a doping step is 
performed according to the How shoWn in FIG. 7C, the How is 
not particularly limited to this order. For example, as shoWn in 
FIG. 7A, doping of an inert element may be performed after 
sequentially performing a material solution application, 
reduced-pressure drying and baking. In addition, as shoWn in 
FIG. 7B, baking may be performed after performing a mate 
rial solution application, reduced-pressure drying and doping 
of an inert element. HoWever, the inert element is not doped 
enough into the side surface of an opening portion or the side 
surface of an edge portion in steps shoWn in FIGS. 7A and 7B. 
Therefore, it is preferable to add a process in Which doping is 
further performed from an oblique direction or an inert ele 
ment is added to the side surface of an opening portion or the 
side surface of the edge portion. 
Corona treatment, plasma treatment or coupling agent 

treatment may be performed before or after formation of the 
high thermo stability planarizing element 16 to improve adhe 
siveness. In addition, tWo or more kinds of treatment of the 
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