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SEMICONDUCTOR DEVICE AND 

MANUFACTURING METHOD THEREOF 

BACKGROUND OF-mE INVENTION 

t. Field of the Invention 

The present invention relates to a semiconductor device comprising a circuit composed 

of thin film transistors (hereinafter referred to as TF!s) and a manufacturing method thereof, 

and for example, an electro-optical device which is represented by a liquid crystal display 

panel, an BL (electro luminescence) display devia; an EC display device, and the l~e. and an 

electronic device in which such an electro-optical device is mounted as a part. 

Note that, in this specification, ~e semiconductor device tepresents all devices which 

can operate utilizing a semiconductor characteristic, and thus an electro-optical device, a 

semiconductor cixcuit, and an electronic device are all semiconductor devices. 

2. Description of the Related Art 

Recently, a de-velopment of a :..;miconductor device with a large area integrated circuit 

fonned by a thin film transistor (TFf), which is fomied using a semiconductor thin film 

(several to several hundreds of nm in thickness) formed on a substrate with an insulating 

surface, bas been progressing. An active matrix liquid crystal display device, an EL display 

device, and a a>atact type image sensor are known as cypical e~amples. In particular, Since a 

TFT using a crystalline silicon film (typically, a polysilicon film) as an active layer 

(hereinafter referred to as polysilicon TFr) has a high field effect mobility, it can be also used 

for forming various functional circuits. 

For example~ in the active matrix liquid crystal display device. a pixel circuit for 

performing image display in respective functional blocks and a driver circuit (composed of a 
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shift re~ster circuit, a level shifter circuitt a buffer circuit, a sampling ckcuit, and the like, 

which are based on a .. CMOS circuit) for controlling the pixel circuit, are fonned on a single 

substrate. 

In the pixel circuit of the active matrix liquid crystal display .device, the TFT (pixel 

TFT) is disposed in each of several tens to sever~ millions of pixels, and a pixel _«:l~~trode is 

provided in the respective pixel TFfs. A counter electrode is provided at the side of a 

opposing substrate with liquid crystal between the pixel electrode and the counter electrode. 

Thus, a kind of a capacitor using liquid aystal as a dielectric is formed. Then, a voltage 

applied to each of the pixels is controlled by a switching operation of the TFT. Thus, the 

liqwd crystal is driven by controlling control an amount of charges to the capacitor". and an 

amount of transmtted light is controlled to display an image. 

The pixel TFT is an n-channel type TFI', and is used as a Switching element for 

applying a voltage to the liquid crystal and driving it. Since the liquid crystal is driven by an 

alternating cwrent~ a system called a frame inversion drive is employed in many cases. In this 

system, in order to keep consumption power low, it is important that au off-current value 

(drain cmrent flowing when the TFT is in an off state) is sufficiently kept low as a 

characteristic required for the pixel TFI'. 

A low concentration drain (lightly doped drain : LDD) structure is known as a TIT 

structure for reducing the off-current value. It is required for forming this structure that an 

impurity element is added with a low concentration to a region between a channel forming 

region and a souroe region, or the channel fanning region and a drain region. to which the 

impurity element is added with a high concen~~ and the region is referred to as an LDD 

region. Further, a so-called GOLD (gate~drain overlapped LDD) structure, in which th«? LDD 

region is disposed to overlap with a gate electrode through a gate insulating film, is known as 
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a means for preventing a reduction in an on-current value due to a hot carrier. It is known that 

such a structure relaxes a high electric field near the drain region to prevent a hot carrier 

injection and thus is effective to prevent a degradation phenomenon. 

Here, th~ is a problem that the o~-current value becomes larger than that in the 

general IDD structu~. ~though the GOLD structure has a large effect for preventing the 

degradation of the on-current value. Thus, this GOLD structure is not preferred for applying 

the pixel TFf. On the other hand, although the general IDD structure has a large effect for 

suppressing an increase of the off-current value, an effect for relaxing concentration of an 

electric field near the drain region to prevent the degradation due to a hot carrier injection is 

small. Therefore, in the semiconductor device which has a plurality of integrated circuits, 

such as the active matrix liquid crystal display device, the above problems are made clear 

particularly in the crystalline silicon TFT as the characteristics are improved a perfonnance 

required for the active matrix liquid crystal display device are improved. 

Conventionally, when the TFI' with the IDD structure or the TFT with the GOID 

structure is formed, there is a problem that these manufacturing processes become 

complicated and the number of processes is increased. It is apparent that the increase in the 

number of processes causes not only an increase of a manufacturing cost, but also a reduction 

in a manufacturing yield. 

SUMMARY OF DIE INVENTION 

The present invention is a technique for solving the above problems, and an object of 

the present inventioii is. t~ ~ in an electro-optical device and a s~iconductor device 

which are represented by an active matrix liquid crystal display device manufactured using 

TPTs, an improvement of an operation characteristic and reliability of the semiconductor 
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device, low consumption power, and a reduction in a manufacturing cost and an improvement 

of a manufactUring yield due to a reduction in the number of processes. 

To realize the reduction in the manufacturing cost and the improvement of the 

manufacturing yield, it is considered as one means that the number of processes is i:educed. 

Concretely, the number of pho1omasks required for manufactutj~g the TfTs is reduced. The 

photomask is used for fonning a resist pattern as a mask on a substrate in an etching process 

in a photolithograpby technique. Thus, using one photomask means that processes such as 

resist peeling, washin& and diying, except for processes such as film fonnation and etching, 

are added before and after the etching process, and complicated processes such as resist 

application, prebaking, exposure, development, and postbaking are pedormed in the 

pbotolitbography process. 

The pr~ invention is characterlied in that the number of photomasks is made less 

than ~nventionally, and thus the TFfs are manufactured by manufacturing processes as 

mentioned below. Note that one example of a manufacturi.ng method of the present inventio~ 

is shown in Figs. 1 and 2. 

A manufacturing method of the present invention disclosed in this specification, 

comprises: 

a fixst step of forming a semiconductor layer 12 on an insulating surface; 

a second step of forming an insulating film 13 on the semiconductor layer 12; 

a third step of forming a first electrode made from a lamination of a first conductive 

layer 18a with a first width (Wl) and a second conductive layer 17b .. on the insulating film 13; 

a fourth step ·of adding an impurity element to the se~iconductor layer 12 using the 

first electrode as a mask to fonn high concenttation impurity regions 20 and 21; 

a fifth step of etching the second conductive layer l 7b to form a second electrode 
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made from a lamination of the first conductive layer 18b with the first width (Wl) and the 

second conductive layer 17c with a second width (W2); 

a sixth step of adding the impurity element to the semiconductor layer 12 using the 

second conductive layer as .a mask: to fonn low concentration impurity regions 24 and 25; and 

_ $_~enth step of etching the first conductive layer 18b to form a third electrode made 

from a lamination of the first conductive layer 18c with a third width (W3) and the second 

conductive layer 17c with the second width (W2). 

In the above manufacturing method, a heat-resistant conductive material is used as a 

material for forming the first conductive film and the second conductive film. Typically, the 

first conductive film and the second condudive film are made of one element selected from 

the group consisting of tungsten (W), tantalum (Ta), and titanium (Ti), or a compound or an 

alloy .containing the selected element. 

In the above third step, the fust electrode has a shape with a thickness gradually 

increasing from the end to the inside in an edge, a so-called taper shape. 

In order to rapidly etch the first conductive film and the second conductive :film with 

high precision, which are made of the heat-resistant conductive material, and to form the 

edges into the tapered shape, a dry etching method using high density plasma is applied. An 

etching apparatus using a microwave or inductively coupled plasma (ICP) is suitable to 

generate the high density plasma. In particular, the ICP etching apparatus is easy to control 

the plasma and can be used for a large area substrate to be processed. 

A plasma processing method and a plasma processing apparatus are disclosed in 

Japanese Patent Application Laid-open No. Hei 9-293600. In this documen~ a method of 

applying high frequency power to a multi-spiral coil through an impedance matching device to 

form plasma is described as a means for perfonning plasma processing with high precision. 

s 



. --· ---- --·- ·--- -- - ·--·- - ------------

The multi-spiral coil is constructed such that four spiral shaped coil portions are connected 

with- each other in parallel. Here, the length of the respective coil portions is set to be a 

quarter of the_wavelengtb of the high frequency power. Further, a separate high frequency 

power is also applied to a lower electrode for holding an object to ~e processed to provide a 

bias voltage. _ 

When such an etching apparatus using the ICP to which the multi-spiral coil is applied 

is used, an angle of a taper portion (taper angle) is largely changed dep~ding on bias power 

applied to a substrate side. When the bias voltage is further increased and a pressure is 

changed, the angle of the taper portion can be changed in a range of 5° to 45°. 

Also, in the above fourth step, in order to form the high concentration impurity regions 

20 and 21 in a self-aligning manner, a method of accelerating the ionized Impurity element 

with an electric field to add to the semiconductor layer through a _gate insulating film is used. 

In the present invention, a film, including an insulating film which is provided in contact with 

the first electrode and the semiconductot layer and between them, and other insulating films 

which extend from the above insulating film to a peripheral region, is referred to as the gate 

insulating film. In ~ specification, the above method of adding the impurity element is 

called "a through dope method" as a matter of convenience. 

Note lhat, m this specification, the impurity element represents an impurity element 

(phosphorus or arsenic) for imputing an n-typc conductirity to a semiconductor or an 

impurity (boron) for imparting a p-type conductivi~ to the semiconductor. 

Also, in the above fifth step. by the etching apparatus using the ICP, the second 

conductive layer is ~electively etched so that the second width (W2) of the second conductive 

layer 17C composing the second electrode is nmower than the first width (Wl). Further, the 

taper angle in the edge of the first conductive layer in the second electrode is set to be smaller 
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than that_ in the edge of the second conductive layer. 

The present invention is characterized in that, in the above sixth step after the second 

electrode with such a shape is formed, the low concentration impurity regions 24 and 25, in 

which the co~centiation of the impurity element is continuously increased as the distance from 

the channel forming rcgio.n increases, are formed in the semiconductor layer ~ocated under the 

taper portion (formed with the taper shape) of the first conductive layer composing the second 

electrode .using the through dope method. Note that a concentration diffenmce in the low 

concentration impurity regions is hardly produced although the concentration is continuously 

increased. 

Thus, in order to form the low concentration impurity tegions 24 and 25 with a gentle 

concentration gradient in a self-aligning mauner, the ionized impurity element is accelerated 

with the electric field to add to the semiconductor layer through the taper portion of the first 

conductive layer composing the second electrode and the gate insulating film. Therefore, 

when the through dope method is applied to the taper portion of the first conductive layer 

composing the second electrode, the concentration of the impurity element added to the 

semiconductor layer can be controlled depending on the thickness of the taper portion of the 

first conductive layer, and then the low concentration impurity regions 24 and 25, in which the 

concentration of-the impurity element gradually changes along the channel length direction of 

the TFT, can be formed. 

Note that, immediately after the sixth step using the above through doping method, the 

low concentration impurity regions 24 and 25 are overlapped with the taper portions of the 

first conductive layer composing the second cl~e through the gate insulating film. 

Also, in the above seventh step, the taper portion of the first conductive layer is 

selectively etched. lJle etching in the seventh step is an etching using a RIE method, and is 
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different from an etchin8 method used in the thitd step and the fifth step. Note that, the 

etching is not limited to the RIE method. If a suitable condition is selected, the etching can be 

perfonned using a dry etching apparatus of the ICP system, or the etching using the RJE 

method after using the ICP method can be performed .. By this seventh step, the taper angle of 

th__!S first conductive layer in the ~ electrode becomes substantially equal to that of the fitSt 

conductive layer in the second electr0de. Also, the third width (W3) is set to be narrower than 

the first width (Wl) and wider than the second width (W2). Further, the insulating film is 

removed simultaneously in the seventh step to expose portions of the high concentration 

impurity regions. 

Note that, immediately after the above seventh step, the respective low concentration 

impurity regions can be divided into a region 2Sa which is overlapped with the taper portion 

of the first conduetive layer composing the third electrode through the gate insulating film, 

and a region 2Sb which is not overlapped with the taper portion of the first conductive layer 

composing the third electrode through the gate insulating film. 

Also, the third width (W3) can be freely controlled by suitably changing an etching 

condition. Thus, according to the present invention, the width of the low concentration 

impurity region which is overlapped with the third electrode and the width of the low 

concentration impurity region which is not overlapped with the third electrode can be freely 

controlled by suitably changing the etching condition in the seventh step. Note that the low 

concentration impurity region has a gentle concentration gradient regardless of the width of 

the third electrode. In the region which is overlapped with the third elecil'Ode, a hot carrier 

injection can be prevente_d since a relaxation of 1he electric field conc~tration is achieved. 

Also, in the region which is not overlapped with the third electrode, an increase of the off· 

current value can be suppressed. 
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In the above manufacturing method, a first photolithography process is performed in 

the first step and a second photolithography process is pelfonned in the third step. However. 

in the other steps (the fourth step to the seventh step}, a photolithography process is not 

performed since a resist mask which has been used in the second photolithography process is 

used as it is. 

Therefore, after the above seventh step, a third photolithography process for forming a 

contact hole in an interlayer insulating film to be formed and a fourth photolithography 

process for forming a source electrode or a drain electrode which reaches the semiconductor 

layer, are perfonned, and thus the TFf can be manufactured. 

As described abo'\Te, although the number of photomasks is reduced, according to the 

present invention, a suitable TFT structure can be obtained. The structure of the present 

invention is represented below. 

According to the present invention disclosed in this specification, there is provided a 

semiconductor device comprising a semiconductor layer f<?rm.ed on an insulating surface, an 

insulating film fonned on the semiconductor layer, and a gate electrode fanned on the 

insulating film. 

characterized in that the gate electrode has a lamination structure in which a first 

conductive layer with a first width (corresponding to W3 in Fig. 2) is a lower layer and a 

second conductive layer with a second width (conesponding to W2 in Fig. 2) which is 

n.anower than the first width is an upper layer, and 

the semiconductor layer has a channel forming region which is overlapped with the 

second conductive fayer, a low concentration impurity region which is partially overlapped 

with the first conductive layer, and a source region and a drain region which are comprised of 

high concentration impurity regions. 
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Further, in the above structure, it is chata.cterized in that the low concentration 

impurity region is located b~tweeµ the channel forming region and the source region, or 

between the channel fonning region and tbe drain region. 

Further, in the above structure, it is characterized in that an end portion of the first 

oonductive layer~--~- taper shape. 

Moreover, in the above structiire, it is characterized in that the end portion of the first 

conductive layer is located between the channel forming region and the source region, or 

between the channel forming reg.ion and the drain region, through the insulating film. 

Further, in the above structure, it is characterized in that a film thickness of a region of 

the insulating film which is overlapped with the low concentration impurity region becomes 

thinner as a distance from the channel region is larger. 

Furthennore, as shown in Fig. 3, the present invention is characterized in that, in the 

low concentration impurity region 25 provided between the channel foaning region 26 and the 

drain region 23, the concentration gradient is formed such that the concentration of the 

impurity element for imparting a conductivity type is gradually increased as the dis~ce from 

the drain region decreases, and the low concentration impurity region 25 with a gentle 

concentration gradient includes the region (GOID region) 25a which is overlapped with the 

gate electrode 18c and the region (IDD region) 2Sb which is not overlapped with the gate 

electrode t8c. 

Note that, in this specification., the low concentration impurity region which is 

overlapped with the gate electrode through the insulating film is called the GOID region, and 

the low concentration impurity region which is not overlapped with the gate electrode is called 

the LDD region. 

Also, the present invention is characterized in that the electro-optical device which 
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represents the liquid crystal display device and the EL display device is formed using the 

TFTs having the above structure. 

Further, the present invention is characterized in that the number of photomasks is 

made less than that conventionally, and thus the TFrs are manufactured by manufacturing 

processes as mentioned below. Note that one example of a manufacturing method of the 

present invention is shown in Figs. 23 and 24. 

Accotding to the present invention disclosed in this specification, as shown in Figs. 23 

and 24, there is provided a method of manufacturing a semiconductor device, comprising: 

a fitst step of fonning a semiconductor layer on an insulating sutface; 

a second step of fanning an insulating film on the semiconductor layer; 

a thin\ step of fonning a first electrode made from a lamination of a first conductive 

layer with a first width (Wl) and a second conductive layer, on the insulating film; 

a fourth step of etching the second conductive layer to fonn a second electrode made 

from a lamination of the first conductive layer with the first width (Wl) and the second 

conductive layer with a second width (W2); 
. . 
a fifth step of adding an impurity element to the semiconductor layer using the second 

electrode as a mask to form a high concentration impurity region; 

a sixth step of adding the impurity element to the semiconductor layer through the first 

conductive layer using the second conductive layer as a mask to form a low concentration 

impurity region; and 

a se'Venth step of etching the first conductive layer to form a third electrode m.ade from 

a lamination of the first conductive layer with a rhird width (W3) and the second conductive . . 

layer with the second width (W2). 

In the above manufacturing method, a beat-resistant conductive material is used as a 
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material for forming the first conductive film and the second conductive film. Typically, the 

first conductive film and the second conductive film are made of one element selected from 

the group consisting of tungsten (W), tantalum (Ta), and titanium (Ti). or a compound or an 

alloy containing the selected element. 

Jn the above third step, the first electrode has a shape that is a thickness gtadually 

increasing from the end to the inside in an end portion, a so-called taper shape. 

Also, iu the above fourth step, the second conductive layer is selectively etched so that 

the second width (W2) of the second conductive layer 17c composing the second electrode is 

narrower than the first width (Wl) using the etching apparatus using the ICP. Further, the 

taper angle in the end portion of the fiist conductive layer in the second electrode is set to be 

smaller than that in the end portion of the second conductive layer. 

· Subsequentiy, in the above sixth step, using the through dope method, the low 

concentration impurity regions 1024 and 1025, in which the concentrarion of the impurity 

element is continuously increased as the distance from the channel funning re~on increases, 

are formed in a self-aligning manner in the semiconductor layer located under the taper 

portion (formed with the taper shape) of the first conductive layer composing the second 

electrode. 

Note that, immediately after the sixth step using the above through doping method, the 

low concentration impurity regions 1024 and 1025 are overlapped with the taper portion of the 

first conductive layer composing the second electrode through the gate insulating fdm. 

Also, in the above seventh step, the first conductive layer is selectively etched As the 

etching in the seventh step, the etching using the .Rn? method, the etching using the ICP 

method, or the etching using the R1E method after using the ICP method may be suitably 

performed by an operator. By this seventh step, the taper angle of the first conductive layer in 
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the third electrode becomes substantially equal to that of the first conductive layer in the 

second electrode. Also, the third width (W3) is set to be narrower than the first width (Wt). 

and wider than the second width (W2). Here, although the example, in which the insulating 

film is removed simultaneously in the seventh step to expose portions of the high 

concentration impurity regions, is described, the present in'l/ention is not_ particularly limited to 

this example, and the insulating film may be left thin. 

Note that, immediately afte~ the above seventh step, the respective low concentration 

impurity regions can be divided into a region 1025a which is overlapped with the taper portion 

of the first conductive layer composing the third electrode through the gate insulating film and 

a region 102Sb which is not overlapped with the taper portion of the first conductive layer 

composing the third electrode through the gate insulating film. 

Also, the third width (W3) can be freely controlled by suitably changing an etching 

condition. Thus. according to the present invention, the width of the low concentration 

impurity region which is overlapped with the ·third electrode and the width of the low 

concentradon impurity region which is not overlapped with the third electrode can be freely 

controlled by suit.ably changing the etching condition in the seventh step. However, the low 

concentration impurity region has a gentle concentration gradient regardless of the width of 

the third electrode. In the region which is overlapped with the third electrode, since a 

relaxation of electric field concentration is made, a hot carrier injection can be prevented. In 

the region which is not overlapped with the third electrode, an increase of the off-current 

value can be suppressed. 

In the above manufacturing method, a first photolithography process is perfoIIlled in 

the first step and a second photolithography process is performed in the third step. However. 

in other steps (the fourth step to the seventh step), since a resist mask which has been used in 
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the second photolithogrciphy process is used as it is, a photolithography process is not 

performed. 

Therefore, after the above se-venth step, a third photolithography process for ~orming a 

contact hole in an interlayer insulating film to be formed and a fourth photolithography 

process for forming a source electrode or a drain electrode, which reach~ the semiconductoi: 

layer, are perfonned, and thus the TFT can be manufactured. 

Also, in the above manufacturing process, although the high concentration doping is 

perfoIDled in the fifth stq7 and the low concentration doping is perfonned in the sbtth step, the 

low concentration doping may be performed in the fifth step and the high concentration 

doping may be perfonned in the sixth step. In this case, a manufacturing method of the 

present invention, comprises: 

a first step of fonning a semiconductot' layer on an insulating surface; 

a second step of forming an insulating film on the semiconductor layer; 

a third step of forming a first electrode made from a-lamination of a first conductive 

layer with a first width (Wl) and a second conductive layer,, on the insulating film; 

a fourth step of etching the second conductive layer to form a second electrode made 

from a lamination of the first conductive layer with the first width (Wt) and the second 

conductive layer with a second width (W2); 

a fifth step of adding an impurity element to the semiconductor layer through the first 

conducti"e layer using the second conductive layer as a mask to form a low concentration 

impurity region; 

a sixth step of adding the impurity element to the semiconductor layer using the 

second electrode as a mask to form a hip conceuuation impurity region; and 

a seventh step of etching the first conductive layer to form a third electrode made from 
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a lamination of the first conductive layer with a third width (W3) and the second conductive 

layer with the second width (W2). 

Also, according to the present invention disclosed in this specification, there is 

provided a method of manufacturing a semiconductor device, comprising: 

a tiISt step of forming a semiconductor layer on an insulating surf~; 

a second step of forming an insulating film on the semiconductor layer; 

a third step of forming a first electrode made from a lamination of a first conductive 

layer with a first width (Wt) and a second conductive layer, on the insulating film; 

a fourth step of etching the second conductive layer to form a second electrode made 

from a lamination of the first conductive layer with the first width (Wl) and the second 

conductive layer with a second width (W2); 

a fifth step of adding an impurity element to the semiconductor layer using the second 

conductive layer as a mask to form a low concentration impurity region and a high 

concentration impurity region; and 

a sixth step of etching the first conductive layer to form a third electrode maqe from a 

WD.ination of the first conductive layer with a third width (W3) and the second conductive 

layer with the second width (W2). 

Thus, when the doping condition is suitably adjusted by a user, a process for forming 

the low concentmtion impurity region and the high concentration impurity region can be 

performed by doping process one time. 

Also, one example of a manufacturing method of the present invention is shown in 

Figs. 25A to 26D. 

According to the present invention disclosed in this specification, as shown in Figs. 

2SA to 26D, there is provided a method of manufacturing a semiconductor device, 
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comprising: 

a fust step of forming a semiconductor layer on an insulating surface; 

a second ~tep of forming an insulating film on the semiconductor layer; 

a third step of laminating a fiJ:St conductive film and a second conducti'\l'e film on the 

insulating film; 

a fourth step of forming a seeond ctinductive layer with a first width (Xl ); 

a fifth step of adding an impurity element to the semiconductor layer using the second 

conductive layer with the tiist width (Xl) as a mask to fonn a high concentration impurity 

region; 

a sixth step of etching the first conductive film to fomi a first electrode made from a 

lamination of a first conductive layer with a second width (X2) and the second conductive 

layer with a third width (X3); 

a seventh step of etching the second conductive layer to fonn a second electrode made 

from a lamination of the first conductive layer with the second width (X2) and the second 

conductive layer with a fourth width (X4}; 

an eighth step of adding the impurity element to the semiconductor layer through the 

first conductive layer using the second conductive layer with the fourth width (X4) as a mask 

to form a low concentration impurity region; and 

a ninth step of etching the first conductive layer to form a third electrode made from a 

lamination of the first conductive layer with a fifth width (XS) and the second conductive 

layer with the fourth width (X4). 

Further, in the above respective manufacturing methods, it is charactcrrized in tha.4 

after the step of forming the third electrode. the method funher comprises the steps of: 

forming a first interlayer insulating film for covering the third electrode; 
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perfot.tning a first heat treatment for activating the impurity element in the 

semiconductor layer; 

forming a second interlayer insulating film for covering the first interlayer insulating 

film; and 

perfonuing a second heat treatment with a lower temperature t~ that of the firstheat 

treatment after the formation of the second interlayer insulating film. 

Furthermore, one example of a manufacturing method of the present invention is 

shown in Figs. 2SA to 2SC and Figs.27A to 270. 

Accotding to the present invention disclosed in this specification, as shown Figs. 2SA 

to 25C and Figs.27A to 270, there is provided a method of manufacturing a semiconductor 

device. comprising: 

a first step of fonning a semiconductor layer on an insulating surface; 

a second step of forming an insulating film on the semiconductor layer; 

a third step of laminating a first conductive film and a second conductive film on the 

insulating film; 

a fourth step of forming a second conductive layer with a first width (Xl): 

a fifth step of adding an impurity element to the semiconductor layer_ using the second 

conductive layer with the first width (Xl) as a mask to fonn a high concentration impurity 

region; 

a sixth step of etching the second conductive layer to form the second conductive layer 

with a second width (Y2); 

a seventh step of adding an impurity element to the semiconductor layer through the 

first conductive film using the second conductive layer with the second width (Y2) as a mask 

to form a low concentration impurity region; and 
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an eighth step of etching the first conductive film to form an electrode made from a 

lamination of the fust conductive layer with a third width (Y3) and the second conductive 

layer with the second width (Y2). 

Moreover, it is characterized in that after the e~ghth step, the manufacturing method 

further comprises: 

a ninth step of forming a first interlayer insulating film for covering the third electrode; 

a tenth step of perfonning a first heat treatment for activating the impurity element in 

the semiconductor layer; 

an eleventh step of forming a second interlayer insulating film for covering the first 

interlayer insulating film; and 

a twelfth step of performing a second heat treatment with a lower temperature than that 

of the first heat treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Figs. lA to 1D show a manufacturing process of a TFr; 

Figs. 2A to 2D show die manufacturing process of ·the TIT; 

Fig. 3 shows a curve representing a coucenuation distribution of an impurity element; 

Fig. 4 is a schematic structural view used in a simulation; 

Fig. S is a graph of a simulation result (phosphorus doping); 

Fig. 6 is a graph of a simulation result (voltage/current characteristic of TFI); 

Figs. 7 A to 7C show a manufacturing process of an AM~LCD; . 

Figs. 8A to 8C show the manufacturing process of the AM-LCD; 

Fig. 9 shows the manufacturing process of the AM-LCD; 
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Fig. 10 is a cross sectional structural view of a transmission type liquid crystal display 

device; 

device; 

Figs. llA and 11B are external views of a liquid crystal panel; 

Figs. 12A to 12C show a manufacturing process of an AM-LCD; 

Figs. 13A to 13C show the manufacturing process of the AM-LC;:9; 

Fig. 14 shows the manufacturing process of the AM-LCD; 

Fig. 15 is a top view of a pixel; 

Fig. 16 is a cross sectional suuctu\'31 view of a reflection type liquid crystal display 

Figs. 17A and 17B are top views of the pixel in the manufacturing process; 

Fig. 18 shows a structure of an active matrix EL display device; 

Figs. 19A and 19B show structures of the active matrix EL display device; 

Figs. 20A to 20F show examples of electronic equipment; 

Figs. 21A to 21D show examples of electronic equipment; 

Figs. 22A to 22C show examples of electn:>nic equipment; 

Figs. 23A to 230 show a manufacturing process of a TFT (Embodiment 7); 

Figs. 24A to 24D show the manufacturing process of the TFr (Embodiment 7); 

Figs. 2SA to 2SD show a manufacturing process of a TFT (Embodiment 8); 

Figs. 26A to 260 show the manufacturing process of th~ TIT (Embodiment 8); 

Figs. 27 A to 270 show a manufacturing process of a TFr (Embodiment 9); 

F"'igs. 28A to 280 show a manufacturing process of an AM-LCD (Embodiment 10); 

Figs. 29A to 29D show the manufacturing process of.the AM-LCD (Embodiment 10); 

Fig. 30 shows the manufacturing process of the AM-LCD (Embodiment 10); 

Fig. 31 is a cross sectional structural view of a transmission rype liquid crystal display 
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device (Embodiment 10); 

Fig. 32 is a cross sectional structural view of a reflection type liquid crystal display 

device (Embodiment 12); and 

Fig. 33 is a cross sectional structural view of a reflection type liquid crystal display 

panel with a light source (Embodiment 13). 

DESCRIPll.ON OF TI:IE PREfBRREP EMBQDIMENTS 

An embodiment of the present invention will be described below with reference to 

Figs. lA to 3. 

First, a base insulating film 11 is formed on a substrate 10. As the substrate 10, a glass 

substrate, a quartz substtate, and a silicon substrate may be used. Also, a metal substrate or a 

stainless substrate, on which an insulating film is formed, may be used. Further, a plastic 

substrate with a resistible heat resistance to a treatment tem~rature may be used. 

Also, as the base insulating film 11, the base insulating film 11 made of an insulating 

film such as. a silicon oxide film, a silicon nitride film, or a silicon nitride oxide film. is 

formed. Here, although an example, in which a two-layered structure (1 b and llb) is used as 

the base insulating film 11, is shown, a single layer film of the insulating film or a lamination 

structure with two layeis or more may be used. Note that the base insulating film may be not 

fon:ned. 

Next, a semiconductor layer 12 is formed on the base insulating film 11. A ccystalline 

semiconductor film obtained by using a known crystallization process (a laser crystallization 

method, a thermal crystallization method, a thennal crystallization method using a catalyst 

such as nickel, or the like) is formed into a predetermined shape pattem using a first 

photomask after a semiconductor film with an amorphous structure is formed by a known 
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method (a sputtering method, an LPCVD method, a plasma CVD method, or the like), then 

the semiconductor film 12 is formed. The semiconductor film 12 is fonned with a thickness 

of 2S to 80 nm (preferably, 30 to 60 nm). Although a material of the crystalline 

semiconductor film is not limited to a special material. preferably the crystalline 

semiconductor film may be formed using silicon, silicon germanium (SiGe) alloy, or the m ... -e. 

Next. an insulating film 13 covering the semiconductor film 12 is fonned. 

The insulating film 13 is fonned as a single layer or a lamination structure of an 

insulating film containing silicon with a thickness of 40 to 150 nm by using the plasma CVD 

method or the sputtering method. Nore that this insulating mm 13 becomes a gate insulating 

film. 

Next, a fust conductive film 14 with a film thickness of 20 to 100 nm and a second 

conductive film 1.S with a film thiclmess of 100 to 400 nm are laminated on the insulating film 

13 (Fig. lA). Herc, the first conductive film 14 made of TaN and the second conductive film 

15 made of W are laminated using the sputtering method. Note that, here, although the first 

conductive film 14 is made ofTaN and ~e second conductive film 15 is made of W, the fii:st 

conductive film 14 and tlie second conductive film 15 are not limited to those and may be 

formed using one element selected from the group consisting of Ta, W, Ti, Mo, Al, and Cu, or 

using an alloy material or a compound material containing the element as its main constituent. 

Also, a semiconductor film, which is represented by a polycrystalline silicon film in which an 

impurity element such as phosphorus has doIJC<li may be used. 

Next, a resist mask 16a is formed using a second photomask, and then a first etching 

process is perfonned using an ICP etching apparatus. The second conducti".'e fil~ 15 is 

etched by this &st etching process to obtain a second conductive layer 17a with a taper 

portion (a portion with a taper shape) in an end portion, as shown in Fig. lB. 
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Here, an angle of the taper portion (taper angle) is defined as an angle formed by a 

substrate surface (horizontal surface) and a slanting portion of the taper portion. The taper 

angle of the second conductive layer 17a can be set in a range of 5" to 45 ° by sel~ing a 

suitable etching condition. 

Next, using the resist mask 16a as it is, a second etching process.is perfonned using 

the ICP etching apparatus. The first conductive film 14 is etched in che second etching 

process to fol'Jll a first conductive layer 18a as shown in Fig. lC. Tue first conductive layer 

18a has a first width (Wt). Note that, in this second ~tching process, the resist mask, the 

second conductive layer, and the insulating film are slightly etched to form a resist mask 16b, 

a second conductive layer l ?b, and an insulating film 19a. respecti\rely. 

Note that, here, in order to suppress a film reduction of the insulating film 13, the 

etching process is pedoaned two times (the first etching process and the second etching 

process). However, if an electrode structure (lamination layer of the second conductive layer 

17b and the first conductive layer 18a) as shown in Fig. 2C can be formed, the number of 

etching process is not limited to two times, and the etching process may be performed one 

time. 

N~ with the resist in.ask 16b as it is, a first doping process is performed. A through 

doping is performed through tbe insulating film 19a in the first doping process to form high 

concentration impurity regions 20 and 21 (Fig. 10). 

Next, using the resist mask 16b, a third etching process is performed using the ICP 

apparatus. Jn this third etchlng process, the second conductive layer 17b is etched to form the 

second conductive film 17c as shown in Fig. 2A.. ~c second conductive layer 17c has a 

second width (W2). Note that, in this third etching process, the resist mask, the first 

conductive layer, and the insulating film are slightly etched to form a resist mask 16c. a first 
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conductive layer 18b, and an insulating film 19b, respectively. 

Next, with the resist mask 16c as it is, a second doping process is performed. A 

through doping is ped'ormed through the taper portion of the first conductive layer 18b and the 

insulating film l9b in the second doping process to fonn low concentration impurity regions 

24 and 25 (Fig. 2B). Note that, in this second daping process, the high ~ncent' ation impurity 

regions 20 and 21 are doped to fonn high concentration impurity regions 22 and 23. 

·Next, with the resist mask 16c as it is, a fourth etching process is perfonned by an RIE 

apparatus. A poltion of the tapet portion of the first conductive layer 18b is removed by this 

fourth erching process. Here, the first C9llductive layer 18b with the first width (Wl) becomes 

the first conductive layer 18c with a third width (W3). Jn the present invention, this first 

conducti11e layer 18c and the second conductive layer 17c laminated thereon become a gate 

electrode. Note th~ in this fourth etching process, the insulating film 19b is also etched to 

form an insulating film 19c. Here, although an example, in which a portion of the insulating 

film is removed to expose the high concentration impurity regions is shown here. the present 

invention is not limited to this example. 

After that, the resist mask 16c is removed to activate the impurity element added to the 

semiconductor layer. Next, atter an interlayer insulating film 27 is fanned, a contact hole is 

formed using a third mask and electrodes 28 and 29 are formed using a fourth mask. 

Thus, the TFT with the structure as shown in Fig. 2D can be fonned using four 

photomasks. 

Also, the TFI" formed by the present invention is characterized in that a concentration 

difference is hardly produced in the low concentration impurity region 25 provided between a 

channel forming region 26 and a drain region 23. and the ~ow concentration impurity region 

25 has a gentle concentration gradient and further a region 25a which is overlapped with a 
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gate electrode 18c (GOID region) and a region 2Sb which is not overlapped with the gate 

electrode 18c (I.DD region). Also, a peripheral portion of the insulating film 19c, that is, the 

region 2Sb which is not overlapped with the gate electrode 18c and upper portions of the high 

concentration impurity regions 20 and 21 become a taper shape. 

Note that, a simulation is performed in the process of Fig. 2B. In this simulation, a 

schematic structural view as shown in Fig. 4 is used. A film thickness of the semiconductor 

layer is 42 nm and a film thickness of the gate electrode is 110 nm. The taper portion of the 

first conductive layer is modeled as a step-shaped structure as shown in Fig. 4. A case where 

phosphorus doping is perfotmed with an accelerating voltage of 90 keV and a dosage of 1.4 x 

1013 atoms/cm2 is assumed. 

The simulation result is shown in Fig. 5. In Fig. s. it is shown that the concentration 

of the impurity element (phosphorus) is continuously increased as the distance from the 

channel forming region is increased. Note that the concentration gradient is gentle and the 

concentration difference in the low concentration impurity ·regions is hardly produced. 

~ a voltage/current characteristic of the TFT which has the concentration 

distribution obtained as Fig. 5 and is fo:cmed with the GOLD region with O.S µm in width and 

the LDD region with 0.5 µm in width is shown in Fig. 6. Note that, from this simulation. a 

threshold value (Vth) of the TFris 1.881 V, an S value is 0.2878 V/dec. an on-current is 40 

µA when Vds (a voltage difference between the source region and the drain region)= 1 V, the 

on-current is 119.6 µA when Vds = 14 V. 

The present invention constructed abo"c will be further described in detail with· the 

em.bo~ents mentioned below. 

[Embodiment 1] 
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Here, a method of simultaneously forming, on the same substrate, a pixel portion and 

TFI's (n-channel TFT and p-channel TIT) of a driver circuit provided in the periphery of the 

pixel .portion, is describ~ in detail with Figs7 A to 9. 

First, in this embodiment, a substrate 100 is used, which is made of glass such as 

barium borosilicate glass or aluminum oorosilicate, represented by such as ·coming #7059 

glass and #1737 glass. Note that, as the substrate 100, there is no limitation provided that it is 

a substrate with transmittance. and a quartz substrate may be used. A plastic substrate with 

heat resistance to a process temperature of this embodiment may also be used. 

Then, a base film 101 formed of an msulating film such as a silicon oxide film, a 

silicon nitride film or a silicon nitride oxide film is formed on the substrate 100. In this 

embodiment, a two-layer structure is used as the base film 101. However, a single-layer fi~ 

or a lamination structure consisting of two or more layers of the insulating film may be used. 

As a first layer of the base film 101, a silicon nitride oxide film !Ola is fonned with a 

thickness of 10 to 200 nm (preferably 50 ro 100 nm) with a plasma CVD method using SiH4, 

NH3, and N20 as reaction gas. In this embodiment, the silicon nitride oxide film Ulla 

(composition ratio Si = 32%, 0 == 27%t N = 24% and H = 17%) with a film thickness of 50 

· nm is fonned." Then, as a second layer of the ~ase film 101, a silicon nitride oxide film lOlb 

is formed and laminated into a rbickness of 50 to 200 nm (preferably 100 to 150 nm) with a 

plasma CVD method using Sill. and N20 as reaction gas. In this embodiment, the silicon 

nitride oxide film lOlb (composition ratio Si= 32%, 0 = 59%, N = 7% and H = 2%) with a 

film thickness of 100 nm is formed. 

Subsequently, semiconductor layers 102 to 105 are fonned on the base film. The 

semiconductor layers 102 to 105 are formed from a semiconductor film with an amorphous 

structure which is formed by a known method (such as a sputtering method, an LPCVD 
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method. or a plasma CVD method), and is subjected to a known crystallization process (a 

laser ccystallization method, a thermal crystallization method. or a thermal crystallization 

:merhod using a catalyst such as nickel). The crystalline semiconductor film thus obtained is 

· patterned into desired shapes to obtain the semiconductor layers. The semiconductor layers 

102 to 105 are formed into the thickness of ftom 25 to 80 nm (preferably 30 to 60 mn);-The 

material of the crystalline semiconductor film is not particularly limited, but it is preferable to 

be formed of silicon, a silicon germanium (Si<'IGe1.ii(X=C>.0001 to 0.02)) alloy, or the like. In 

this embodiment, 55 nm thick amorphous silicon film is formed by a plasma CVD method, 

arid then, a nickel-containing solution is held on the amorphous silicon film. A 

dehydrogenation process of the amorphous silicon film is performed (S00°C for one hour), 

and thereafter a thermal crystallization process is performed (SSOQC for four hours) thereto. 

Further, to improve the crystallinity thereof, a laser annealing treatment is performed to form 

the aystalline silicon film. Then, this crystalline silicon film is subjected to a patterning 

process using a photolithography method, to obtain the semiconductor layers 102 to 105. 

Further, after the formation of the semiconductor layers 102 to 105, a minute amount 

of impurity element (boron or phosphorus) may be doped to control a threshold value of the 

TFr. 

Besides, in the case where the crystalline semiconductor film is manufacrured by the 

laser crystallization method, a pulse-oscillation type or continuous-wave type excimer laser, 

YAG laser, or YV04 laser may be used. In the case where those kinds of laser are used, it is 

appropriate to use a method in which laser light radiated from a laser oscillator is condensed 

by an optical system into a linear beam, and is irradiated to the semiconducto_r ~· Although. 

the conditions of the crystallization should be properly selected by an operator, in the case 

where the excimer laser is used, a pulse oscillation frequency is set as 30 Hz, and a laser 
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energy density is set as 100 to 400 mJ/cm2 (typically 200 to 300 mJ/cm2). In the case where 

the Y AG laser is used, it is appropriate that the second harmonic is used to with a pulse 

oscillation frequency of 1 to 10 kHz and a laser energy density of 300 to 600 mJ/cr:n.2 

(typically. 350 to 500 mJ/cm.2). The~ laser light condensed into a linear shape with a width of 

100 to 1000 µm, for examplet 400 µmis irradiated to the whole surfa~ of the substrate, and 

an overlapping ratio {overlap ratio) of rite linear laser light at this time may be set as 80 to 

98%. 

A gate insulating film 106 is then formed for covering the semiconductor layers 102 to 

105. The gate insulating film 106 is funned of an insulating film containing silicon by a 

plasma CVD method or a sputtering method into a film thickness of from 40 to 150 nm. In 

this embodiment, the gate insulating film 106 Is formed of a silicon nitride oxide film into a 

thickness of 110 nm by a plasma CVD method (composition ratio Si .- 32%, 0 = 59%, N = 

7%, and H = 2% ). Of course, the gate insulating film is nor limited to the silicon nitride oxide 

film, and an other insulating film containing silicon may be used as a single layer or a 

lamination structure. 

Besides, when the silicon oxide film is used, it can be possible to be formed by a 

plasma CVD method in which TEOS (tetraethyl orthosilicate) and 0 2 are mixed and 

discharged at a high frequency {13.56 MHZ) power density of 0.5 ro 0.8 W /cm2 with a 

reaction pressure of 40 Pa and a substrate temperature of 300 to 400°C. Good characteristics 

as the gate insulating film can be obtained in the manufactured silicon o:xide film thus by 

subsequent themial annealing at 400 to 500°C. 

Then, as shown in Fig. 7 A, on rhe gate insulating film 106, a first conductive film 107 

with a thickness of 20 to 100 nm and a second conductive film 108 with a thickness of 100 to 

400 nm are formed and laminated. In this embodiment, the first conductive film 107 ofTaN 
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film with a film thickness of 30 nm and the second conductive film 108 of a W film with a 

film thickness of 370 nm are funned into lamination. The TaN film is formed by sputtering 

with a Ta target under a nitrogen containing atmosphere. Besides. the W film is formed by the 

sputtering method with a W target. The W film may be formed by a thennal CVD method 

using tungsten hexafluoride (WF 6). Whichever method is used, it is necessary to make the 

material have low resistance for use as the gate electrode, and it is preferred that the resistivity 

of the W film is set to less than or equal to 20 ,teem. By making the crystal grains large, i~ is 

possible to make the W film have lower resistivity. However, in the case where many 

impurity elements such as oxygen are contained within the W film, ccystallization is inhibited 

and the resistance becomes higher. Therefore, in this embodiment. by fonning the W film by 

a sputtering method using a target with a purity of 99.9999% or 99.99%, and in addition, by 

taking sufficient consideration to pre"ent impurities within the gas phase from mixing therein 

during the film formation, a resistivity of from 9 to 20 µ(J&m can be realized. 

Note that, in this embodiment, the fust conductive film 107 is made of TaN, and the 

second conductive film 108 is made of W, but~ material is not particularly limited thereto. 

and either film may be formed of an element selected from the group consisting of Ta, W, Ti, 

Mo, Al, Cu, Cr, and Nd, or an alloy material or a compound material containing the above 

element as its main constituent. Besi~ a semiconductor film, typified by a polycrystalline 

silicon film doped with an impurity element-such as phosphorus, may be used. Further. an 

AgPdCu alloy may be used. ~des. any combination may be employed such as a 

combination in which the first conductive film is formed of tantalum (Ta) and the second 

conductive film is fooned of W, a combination in which the first conductive film is formed of 

titanium nitride (llN) and the second conducti"e film is formed of W, a combination in which 

the first conductive film is fonned of tantalum nitride (TaN) and the second conductive film is 
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formed of Al, or a combination in which the first conductive film is fanned of tantalum aitrlde 

(TaN) and the second conductive film is formed of Cu. 

Next, masks 109 to 112 made of resist are funned using a photolithography method, 

and a first etching process is performed in order to fotm electrodes and wirings.· This first 

etching process is performed with the first and second etchfag oonditions. In This 

embodiment, as the first etching conditions, an ICP (inductively coupled plasma) etching 

method is used, a gas mixture of CF 41 C1z and Oz is used as an etching gas, the gas tlow rate is 

set to 25/25/10 seem, and plasma is generated by applying a 500 W RF (13.56 MHZ) power to 

a coil shape electrode under l Pa. A dry etching device with ICP (Model E645..[]ICP) 

produced by Matsushita Electric Industrial Co. Ud. is used here. A 150 W RF {13.56 MHZ) 

power is also applied to the substrate side (test piece stage) to effectively apply a negative 

self-bias voltage. The W film is etched with the first etching conditions, and the end ponion 

of the second conductive layer is formed into a tapered shape. In the first etching conditions, 

the etching rate for W is 200.39 nm/min, the etching rate for TaN is 80.32 nm/min, and the 

selectivity of W to TaN is about 2.5. Further, the taper angle of W is about 26° with the first . 
etching conditions. Note that, the etching with the first etching conditions is corresponding to 

the fust etching process (Fig. lB) described in the embodiment mode. 

Thereafter.. the first etching conditions are changed into the second etching co~ditions 

without removing the masks 109 to 112 made of resist, a mixed gas of CF4 and Clz is used as 

an etching gas, the gas flow rate is set to 30/30 seem, and plasma is generated by applying a 

500 W RF (13.56 MHZ) power to a coil shape electrode under 1 Pa to thereby perform etching 

for ~ut 30 seconds. A 20 W RF (13.56 MHZ) power is also applied to the substrate side 

(test piece stage) to effectively a negati\fe self-bias voltage. The W film and the TaN film are 

both etched. on the same order with the second etching conditions in which CF4 and Cl:! are 
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mixed. In the second etching conditions, the etching rate for W is 58.97 nm/min, and the 

etching rate for TaN is 66.43 nm/min. Note that, the etching time may be increa.c;ed by 

approximately 10 to 20% in order to perform etching without any residue on the gate 

insulating film. In addition. etching with the second etchlng conditions is corresponding to 

the second etching process (Fig. 1C) described in the embodiment modr. 

ln the first etchlng process, the end portions of the first and second conductive layers 

are fanned to have a tapered shape due to the effect of the bias voltage applied to the substrate 

side by adopting masks of resist with a suitable shape. The angle of the tapered portions may 

be set to 15° to 45°. Thus, first shape conductive layers 113 to 116 (first conductive layers 

113a to 116a and second condudive layers 113b to 116b) constituted of the first conductive 

layers and the second conductive layers are formed by the first etching process. The width of 

the first conductive layers in a chann~l length direction corresponds to Wl shown in the 

embodiment mode. Reference numeral 117 denotes a gate insulating film, and regfons of the 

gate insulating film which are not covered by the first shape conductive layers 113 to 116 are 

made thinner by approximately 20 to SO nm by etching. 

Then, a first doping process is performed to add au impurity element for imparting an 

n-type conductivity to the semiconductor layer without removing the mask made of resist 

(Fig. 7B). Doping may be carried out by an ion doping method or an ion injecting method. 

The condition of the ion doping method is that a dosage is 1 x 1013 to 5 x 10l5 atoms/cm.2, and 

an acceleration voltage is 60to100 keV. In this embodiment, the dosage is 1.5 x 1015 

atoms/cm.2 and the acceleration voltage is 80 keV. ·As the impurity element for impaning the 

n-type conductivity, an element which belongs to group 15 of the periodic table, typically 

phosphorus (P) or arsenic (As) is used, and phosphorus is used here. In this case, the 

conductive layeis 113 to 116 become masks to the impurity element for imparting the n-type 
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conductivity, and high concentration impurity regions 118 to 121 are formed in a self-aligning 

manner. The impurity element for imparting the n-type conductivity is added to the high 

concentration impurity regions 118 to 121 in the concenrration range of 1 x 1D2° to 1 x 1c21 

atoms/cm3
• Note that, the first dopiilg process is corresponding to the first doping process 

(Fig. lD) described in--ttle embodiment mode. 

Thereafter, the second etching process is performed without removing the masks made 

of resist. Note that, one of chlorine gas such as ~ BQ33 SiC4 or CCl4, tluo~e gas such as 

CF.., SF6 or NF3, and 0 29 and a mixed gas including the above gas as its main constituent may 

be used as etching gas used in the first etching process and the second etching process. Here, 

a mixed gas of CF 4, Cl2 and 0 2 is used as an etching gas, the gas flow rate is set to 2512?110 

seem, and plasma is generated by applying a 500 W RF {13.56 MHZ) power to a coil shape 

electrode under 1 Pa to thereby perform etching. A 20 W RF (13.56 MHZ) power is also 

applied to the substrate side (test piece stage) to effectively apply a negative self-bias voltage. 

Jn the second etching process, the etching rate for W is 124.62 nm/min. the etching rate for 

TaN is 20.67 nm/min, and the sclectivity,ofW to TaN is 6.05. Accordingly, the W film is . . 
selectively etched. The raper angle of W is 70° in the second etching. Second conductive 

layers l22b to 12Sb are formed by the second etching process. On the other hand, the first 

conductive layers 113a to 116a are hardly etched; and first conductive layers 122a to 12Sa are 

fonned. Note that,, the second etching process here is corresponding to the third etching 

process (Fig. 2A) described in the embodiment mode. Further, the width of the second 

conductive layers in the channel length direction is corresP.>nding to W2 shown in the 

embodiment mode. 

Next, a second doping process is performed and the state of Fig. 7C is obtained. 

Second conductive layers 122b to 125b are used as masks to an impurity element, and doping 
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is performed such that the impurity element is added to the semiconductor layer below the 

tapere<f. portions of the first conductive layers. In this embodiment, phosphorus (P) is used as 

the impurity element, and plasma doping is petformed with the dosage of 3.5 x tot:! atoms/cm:! 

and the acceleration voltage of 90 keV. Thus, low concentration impurity regions 126 to 129, 

which overlap with the first conductive layers, are funned in a se1f -aligning manner. The 

concentration of phosphorus (P) in the low concentration impurity regions 126 to 129 is I x 

1017 to 1 X. 1018 atoms/cm3, and bas a gentle concentration gradient in accotdance with the film 

thickness of the tapered portions of the fll'St conductive layers. Note that, in the 

semiconductor layer that ovetlaps with the tapered portions of the first conductive layers, the 

concentration of the impurity element slightly falls from the end portions of the tapered 

portions of the first conductive layers toward the inner portions. The concentration, however, 

keeps almost the same level. Further, the impurity element is added to the high concentration 

impurity _regions 118 to 121 to fonn high concentration impurity regions 130 to 133. Note 

that, the second doping process here is cori-esponding to the second doping process (Fig. 2B) 

described in the embodiment mode. 

Thereafter, a thitd etching process is performed without removing the masks made of 

resist. The tapered portions of the first conductive layCIS are partially etched to thereby reduce 

the regions that overlap with the semiconductor layer in the third etching process. Here, CHF3 

is used as an etching gas, and a reactive ion etching method (RIE melhod) is used. In This 

embodiment, tb.e third etching process is performed with the chamber pressure of 6. 7 Pa, the 

RF power of 800 W, the CHF3 gas flow rate of 35 seem. Thus, first conductive layers 138 to 

141 are fonned (Fig. SA). Note that, the third etching process here is corresponding to the 

fourth etching process (Fig. 2C) described in the embodiment mode. Further, the width of the 

first conductive layers in the channel length direction corresponds to W3 shown in the 
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embodiment mode. 

In the third etching process, the insulating film 117 is etched at the same time, a part of 

the high concentration impurity xegions 130 to 133 is exposed, and insulating films 143a to 

143c and 144 are formed. Note that, in this embodiment, the etching condition by which the 

part of thehigh concentration impurity regions 130 to 133 is exposed is used, but it is possible 

that a thin layer of the insulating film is left on the high concentration impurity regions if the 

thickness of the insulating film or the etching condition is changed 

In accordance with the third etching process, impurity regions (!DD regions) 134a to 

137a are formed, which do not overlap with the first conductive layers 138 to 141. Note that, 

impurity regions (GOLD regions) 134b to 137b remain overlapped with the first conductive 

layers 138 to 141. 

The electrode formed of the first conductive layer 138 and the second conductive layer 

122b becomes a gate electrode of an n-channel TFI' of a driver circuit to be formed in the later 

process. The electrode formed of the first conductive layer 139 and the second conductive 

layer 123b becomes a gate electrode of a p-chanuel TFT of the driver circuit to be formed in 

the later process. Similarly, the electrode formed of the first conductive layer 140 and the 

second conductive layer 124b becomes a gate electrode of an n-channel TFT of a pixel portion 

to be formed in the later process, and the electrode formed of the first conductive layer ~41 

and the second conductive layer 12Sb becomes one of electrodes of a storage capacitor of the 

pixel portion to be foJmed in the later process. 

In accordan~ with the above processes, in this embodiment, the difference between 

the impurity concentration in the impurity regions (GOLD regions) 134b to 137b that overlap 

with the first conductive layers 138to141 and the impurity concentration in the impurity 

regions (LDD regions) 134a to 137a that do not overlap with the first conductiYe layers 138 to 
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141 can be m.ade small, thereby improving the TFr characteristics. 

Next, the masks of resist are removed, masks 145 and 146 are newly fonned of resist, 

and a tp_ird doping process is perfoimed. In accordance with the third doping process~ 

impurity regions 147 to 152 are formed, in which the impurity element imparting a 

conductivity (p-type) opposite to the above conductivity (n-Type) is added to the 

semiconductor layer that becomes an active layer of the p-channel TFr (Fig. SB). The first 

conductive layers 139 and 141 are used as masks to the impurity elemen~ and the impurity 

element that imparts the p-type conductivity is added to thereby form impurity regions in a 

self-aligning manner. In this embodiment, the impurity regions 147 to 152 are formed by an 

ion doping method using diborane ~HJ. Note that, ill the third doping process, the 

semiconductor layer to become the n-channel TFT is covel'ed with the masks 145 and 146 

formed of resist. Although phosphorus is added to the impurity regions of the semiconductor 

layer to become the p-channel TFf at different concentrations in accordance with the first and 

second doping processes, the doping process is performed ·such that the concentration of the 

impurity element imparting p-type conductivity is ~ the ~ of 2 x la2'1 to 2 x 1<>21 

afJJDlS/cm.3 in any of the impurity regions. Thus, the impurity regions function as a source 

region and a drain region of the p-channel TFr with no problem. In this embodiment, a part 

of the semiconductor that becomes an active layer of the p-channel TFT is e"posed, and thus, 

there is an advantage that an impurity element (boron) is easily added. 

The doping process here may be carried out once or a plurality of times. For example, 

in the case of performing the doping twice, the first doping condition has an acceleration 

voltage of S to 40 keV to form impurity regions 147 and 150; and the second doping condition 

has an acceleration voltage of 60 to 120 keV to form impurity regions 148, 149, 151, and 152. 

Then, injection defect in the semiconductor layer can be suppressed. and further, it is possible 
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rbat the concentrations of boron in the impurity regions 147 and 150 are made to be different 

from that in the impurity regions 148, 149. 151. and 152 to improve freedom for designing. 

Jn accordance with the above-described processes, the impurity regions at"e fonned in 

the respective semiconductor layers. 

Subsequently, the masks 145 and 146 ofiesist are removed, and a first interlayer 

insulating film 153 is formed. This first interlayer insulating film 153 is fonned of an 

insulating film containing silicon by a plasma CVD method or a sputtering method into a 

thickness of 100 to 200 nm. In this embodiment, a silicon nitride oxide film with a film 

thickness of 150 nm is formed by a plasma CVD merhod. Of course, the first interlayer 

insulating film 153 is not particularly limited to the silicon nitride oxide film, but an other 

insulating film containing silicon may be formed into a single layer or a lamination strocture. 

Then, as shown in Fig. 8C, a step of activating the impurity elements added in the 

respective semiconductor layeis is performed. This step is carried out by thermal annealing 

using a furnace annealing oven. The thermal annealing may be perfonned in a nitrogen 

atmosphere containing an oxygen content of 1 ppm or less, preferably 0.1 ppm or less, at 400 

to 700°C, typically 500 to 600°C. _In this embodiment,. a heat treatment at 550°C for 4 hours 
·~ 

is carried out. Note that, except the thermal annealing method, a laser annealing method, or a 

rapid themial amiealiug method (RTA method) can be applied thereto. 

Note that, ~ Ibis embodiment, at the same time as the above activation process, nickel 

used as the catalyst in crystallization is gettered to the impurity regions (130, 132, 147, 150) 

containing phosphote?us at a high concentration. As a result, nickel concenrtation of the 

semiconductor layer which becomes a clicmuel fonning region is mainly lowered. The TFT 

with a channel forming region thus formed has an off current value decreased, and has high 
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electric field mobility because of good crystallinity, thereby attaining satisfactory 

characteristics. 

Further, an activation process may be perfonned before forming the first interlayer 

insulating film 153. However, in the case where a wiring material used is weak lo heat, it is 

preferable that the activation ptOCeSS is performed after an -interlayer insulating film (an ····· -· · 

insulating film containing silicon as its main ingredient, for example, silicon nitride oxide 

film) is formed to protect the wiring or the like as in this embodiment. 

In addition, heat treatment at 300 to SSO"C for 1 to 12 hours is perfonned in an 

atmosphere contajning hydrogen of 3 to 100%. to perform a step of hydrogenating the 

semiconductor layers. In this eIDbodiment, the heat treatment is performed at 410°C for 1 

hour in an atmosphere containing hydrogen of about 3 %. This s~p is a step of terminating 

dangling bonds in the semiconductor layer with hydrogen in the insulating film. As another 

means for hydrogenation, plasma hydrogenation (using hydrogen excited by plasma) may be 

carried out • 

. Besides, in the case of using a laser annealing method as ~e activation process, it .is 

prefeO'ed to irradiate laser light such as an cxcimer laser or a YAO laser after the 

hydrogenating process. 

Next, a sec.and interlayer insulating film 154 of an organic insulating material is 

formed on the first interlayer insulating film 153. In this embodiment, an acrylic resin film 

with a film thickness of 1.6 µm is formed. Then, patterning is performed for forming a 

contact holes reachi~g the respective impurity regions 130, 132, 147 and 150. 

Then. in a driver circuit 205~ wirings 155 to 158 electrically connected to the impurity 

region 130 or the impurity region 147, respectivelyt are formed. Note that, these electrodes 
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are formed by patterning a lamination film of an film with a film thickness of 50 nm and an 

alloy film (alloy film of Al and TI) with a film thickness of 500 nm. 

Further. in a pixel portion 206, a connection electrode 160 and a source electrode 159 

are formed, which contact with the impurity region 132, and a connection electrode 161 is 

formed, whicli contacts with the impurity region 150. 

Next, a transparent conductive film is funned thereon with a thickness of 80 to 120 

nm, and a pixel electrode 162 is formed by pauerning (Fig. 9). An alloy of indium, oxide and 

zinc oxide (In2~·l.n0) and zinc oxide (ZnO) are also suitable materials for the transparent 

conductive film. Further, zinc oxide having gallium (Ga) added (ZnO : Ga) or the like may be 

preferably used in order to improve transmittivity or conductivity of visual radiation. 

Further, the pixel electrode 162 is fonned so as to contact and overlap with the 

connection electrode 160, and lhus, an electrical connection with a drain region of a pixel TfT 

is formed. Moreover, an electrical connection of the pixel electrode 162 to the semiconductor 

layer (impurity region 150), that functions as one of the electrodes forming a storage 

capacitor, is fonned. 

Nore that, although an example of using a transparent conductive film as a pixel 

electrode is shown here, a reflection type display device can be manufactured if a pixel 

electrode is formed using a conductive material with retlectivity. In the case, the pixel 

electrode can be simultaneously formed in the process of manufacturing electrodes, and it is 

preferable that a material with excellent reflectivity, such as a film including Al or Ag as its 

main constituent or a lamination film thereof, is used as a material for the pixel electrode. 

In the manner as described above, the driver circuit 205 including an n-channel TFf 

201 and a p-channel TFT 202, and the pixel portion 206 including a pixel TFI' 203 and a 

storage capacitor 2~ can be funned on the same substrate. In this· specification, such a 
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substrate is called an active matrix substrate for convenience. 

The n-channel TFf 201 of the driving circuit 205 includes a channel funning region 

163, the low concentration impurity region 134b (GOLD region) overlapping with the first 

conductive layer 138 forming a part of the gate electrode, the low concentration impurity 

region 134a (I.DD region) funned outside the gate electrode; and the high concentration 

impurity region 130 functioning as a sou~ce region or a drain region. The p-channel TFr 202 

includes a channel fonning region 164, an impurity region 149 overlapping with the first 

conductive layer 139 fanning a part of the gate electrode, an impurity region 148 formed 

outside the gate electrode, and the impurity region 147 functioning as a source region or a 

drain region. 

The pixel TFI' 203 of the pixel portion 206 includes a channel fanning region 165, the 

low concentration impurity region 136b (GOID region) overlapping with the first conductive 

layer 140 forming the gate electrode, a low concentration impurity region 136a (LDD region) 

formed outside the gate electrode_ and the high concentration impurity region 132 functioning 

as a source region or a drain region. Besides, the_ impurity element imparting p-type 

conductivity is added to the respective semiconductor layers 150 to 152 functioning as one of 

electrodes of the storage capacitor 204. The storage capacitor 204 is formed from the 

electrodes 125 and 142 and lhe semiconductor layers 150 to 152 and 166 with the insulating 

film 144 as a dielectric material. 

[Embodiment 2] 

In this embodiment, a process for manufacturing an active matrix liquid crystal display 

device using the active matrix: substrate manufactured in Embodiment 1 will be described. 

The description is made with reference to Fig. 10. 
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First, after the active matrix substrate wirh the state of Fig. 9 is obtained according to 

Embodiment 1, an orientation film 167 is fonned on the active matrix substrate of Fig. 9 to 

perform a rubbing process. Note that, in this embodiment, before the formation of the 

orientation film 167, an organic resin film such as an acrylic resin film is patterned to form a 

columnar spacer for keeping a gap-between substrates in a desired position. Also, instead of 

the columnar spacer, a spherical spacer may be distn"buted over the entire surface. 

Next, a opposing substrate 168 is prepared. A color filter in which a colored layer 174 

and a light shielding layer 17S a:re arranged corresponding to each pixel is provided in this 

opposing substrate 168. Also, a light shielding layer 177 is provided in a portion of a driver 

circuit. A leveling film 176 for covering this color filter and the light shielding layer 177 is 

provided. Next, a counter electrode 169 made of a transparent conductive film is formed in a 

pixel portion on the leveling film 176, and then an orientation film 170 is formed on the entire 

surface of the opposing substrate 168 to perform a rubbing process. 

Then, the active matrix substrate in which the pixel portion and the driver circuit are 

fonned and the opposing substrate are adhered to ~ach other by using a sealing member 171. 

A filler is mixed with the sealing member 171, and two substrate are adhered to each other 

with a uniform interval by this filler and the colwnnar spacer. After that, a liquid crystal 

material 173 is injected into a space between both substrates and then completely encapsulated 

by a sealing member (not shown). A known liquid aystal material may be used as the liquid 

crystal matedal 173. Thus, the active matrix liquid crystal display device as shown in Fig. 10 

is completed. If necessary, the active matrix substrate or the opposing substrate is cut with a 

predetermined shape. Also, a polarization plate and the like are suitably provided using a 

known technique. And, an FPC is adhered to the active matrix liquid crystal display device 

using a known technique. 
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A structure of a liquid crystal display panel thus obtained will be described using a top 

view of Fig. 11. Note that the same reference symbols are used for portiops corresponding to 

those of Fig. 10. 

The top view of Fig. 11A shows the state that the active matrix substrate and the 

opposing substrate 168 are adhered to each other"lhrough the sealing member 171. -in the 

active matrix substrate, an extemal input tenninal 207 to which the pixel portion, the driver 

circuit, and the FPC (flexible printed circuit) are adhered, a wiring 208 for connecting the 

external input tenninal 2fY7 with an input portion of the respective circuits, and the like are 

furmed. Also~ the color filter and the like are fonned in the opposing substrate 168. 

A light shielding layer 177a is provided in the opposing substrate side so as to overlap 

with a gate wiring side driver circuit 205a. Also, a light shielding layer 177b is provided in 

the opposing substrate side so as to overlap with a source wiring side driver circuit 205b. In a 

color filter 209 which is provided in the opposing substrate side on a pixel portion 206, a light 

shielding layer and colored layers for respective colOtS (red color (R), green color (G), blue 

color B) and are provided corresponding to each pixel. Actually, a color display is formed 

using three colors, that is, the colored layer for the red color (R), the colored layer for the 

green color (G), and the colored layer for the blue color B. Note that the colored layers for 

respective eolms are arbitrarily manged. 

Here, for a color display, the color filter 209 is provided in the opposing substrate. 

However, the present invention is not particolarly limited to this case, and in manufacturing 

the active matrix substrate; the color filter may be formed in the active matrix substrate. 

Also, in the color filter, the light shielding layer is provided between adjacent pixels 

such that a portion except for a display region is shielded. The light shielding layers 177a and 

177b are provided in a regio11 covering the driver circuiL However, when the liquid crystal 
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display device is incorporated into an electronic device as a display porti01l; thereof, the region 

covering the driver circuit is covered with a cover. Thus, the color filter may be constructed 

without the light shielding layer. In manufacturing the active matrix substrate, the light 

shielding l~yer may be formed in the active matrix substrate. · 

Also, without providing the light· ah.folding layer, tbe colored layers composing the 

color filter may be suitably arranged between the opposing substrate and the counter electrode 

such that light shielding is made by a lamination layer laminated with a plurality of layers. 

Thus, the portion except for the display region {gaps between pixel electrodes) and the driver 

circuit may be light-shielded. · ·· ·· 

Also, the FPC which is composed of a base film 210 and a wiring 211 is adhered to the 

external input terminal by using an anisotropic conductive resin. Further, a reinforced plate is 

provided to increase a mechanical strength. 

Fig. llB is a cross sectional view along a line A-A' on the external input terminal 207 

in Fig. llA. An outside diameter of a conductive particle 214 is smaller than a pitch of a 

wiring 215. Thus., when the conductive particle is dispersed in an adhesive 212 with a 

suitable amount, an electrical Connection with a corresponding wiring in the FPC side can be 

formed, without occurrence of a short circuit to adjacent wiring. 

The liquid aystal display panel manufactured above can be used as the display portion 

of various electronic equipment. 

[Embodiment 3] 

In this embodiment, a manufacturing method of an _active matrix su~str&;te different 

from that of Embodiment l will _be described with reference to Figs. 12A to 15, and Figs. 17 A 

and 17B. Although the transmission type display device is fonned in Embodiment 1, in this 
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embodiment, it is characterized in that a reflection type display device is formed to reduce the 

number of masks compared with Embodiment 1. 

First, in this embodiment, a substrate 400 is used, which is made from glass, such as 

barium borosilicate glass or aluminum borosilicate glass, represented by Coming #7059 glass 

and #1737 glass. Note that. as the substrate 400, a quartz substrate, or a. silicon substrate, a 

metal substrate, or a stainless substrate, on which an insulating film is formed, may be used as 

the replaee. A plastic substrate having heat resistance to a process ~emperature of this 

embodiment may also be used. 

Then, a base film 401 fonned of an insulating film such as a silicon oxide film, a 

silicon nitride film or a silicon nitride oxide film is formed on the substrate 400. In this 

embodiment, a two-layer structure is used for the base mm 401. However, a single-layer film 

or a lamination structure consisting of two or more layers of the iosulating film may be used. 

As a first layer of the base film 401, a silicon nitride oxide film 401a is formed into a 

thickness of 10 to 200 nm (preferably SO to 100 nm) using SiH4, NH3, and N20 as reaction 

gases by a plasma CVD method. In this embodiment, the silicon nitride oxide film 401a 

(composition ratio Si= 32%, 0 = 27%, N = 24% and H = 17%) having a film thickness of 50 

nm is formed. Then, as a second layer of the base film 401, a silicon nitride oxide film 401b 

is fanned so as to be laminated on the first layer with a thickness of 50 to 200 nm (preferably 

100 to 150 nm) using Sill. and N20 as reaction gases by plasma CVD. In this embodiment, 

the silicon nitride oxide film 401b (composition ratio Si = 32%, 0 = 59%, N : 7% and H = 

2%) having a film thickness of 100 nm is foaned. 

Subsequently, semiconductor layeIS 402 to 406 are fonned on the base film 401. The 

semiconductor layers 402 to 406 are funned such that a semiconductor film having an · 

amorphous struef:ure formed by a known method (a sputtering method, an LPCVD method, or 
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a plasma CVD method) is subjected to a known crystallization process (a laser crystallization 

method, a thermal crystallization method, or a thermal crystallization method using a catalyst 

such as nickel) and the crystalline semiconductor film thus obtained is patterned into desired 

shapes. The semiconductor layers 402 to 406 are formed into a thickness of from 25 to 80 

nm-(preferably 30 to 60 nm). The r.uatdrial of the crystalline semiconductor film is not 

particularly limited. but it is preferable to form the film using silicon, a silicon germanium 

(SiGe) alloy, or the like. In this embodiment, a SS nm thick amorphous silicon film is formed 

by a plasma CVD method. and then, nickel-containing solution is held on the amorphous 

silicon film. A dehydrogenation process of the amorphous silicon film is performed (500°C 

for one hour), and thereafter a thennal crystallization process is performed (550°C for four 

hours) thereto. Further, to improve the crystallinity, laser annealing process is perfonned to 

fonn the crystalline silicon film. Then, this crystalline silicon film is subjected to a patterning 

process using a photolithography method, to obtam the semiconductor layers 402 to 406. 

Further, after the fonnation of the semiconductor layers 402 to 406, a minute amount 

of impurity element (boron or phosphorus) maY: be doped to control a threshold value of the 

TFr. 

Besides, in the case where the crystalline semiconductor film is manufactured by the 

laser crystallization method, a pulse oscillation type or continuous emission type excimer 

laser, YAG laser, or YVO, laser may be used. In the case where those lasers are used, it is 

appropriate to use a method in which laser light radiated from a laser oscillator is condensed 

into a linear beam by an optical system, and is irradiated to the amorphous semiconductor 

film. Although the conditions of the aystallization should be properly selected by an 

operator, in the case where the excimer laser is used, a pulse oscillation frequency is set to 30 

Hz, and a laser energy density is set from 100 to 400 ml/cm'° (typically 200 to 300 mJ/cm~). 
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In the case where the YAO laser is used, it is appropriate that the second harmonic is used to 

set a pulse oscillation frequency from 1 to 10 kHz, and a laser energy density is set from 300 

to 600 mJ/cm.2 (typically, 3SO to SOO mJ/cm.2). Then, laser light condensed into a lineat shape 

with a width of 100 to 1000 µm; for example. 400 µm is irradiated to the whole surface of the 

substrate, and an overlapping ratio (overlap ratio) of the linear laser light at this time may be 

set as 80 to 98%. 

A gate insulating film 407 is then funned covering the semiconductor layers 402 to 

406. The gate insulating film 407 is fonned of an insulating film containing silicon by a 

plasma CVD or a sputtering method with a film thickness of from 40 to 150 nm. In this 

embodiment, the gate insulating film 407 is formed from a silicon nitride oxide film with a 

thickness of 110 nm by plasma CVD (composition ratio Si= 32%, 0 = 59%, N = 7%, and H = 

2% ). Of course, the gate insulating film is not limited to the silicon nitride oxide film, and 

other insulating films containing silicon may be funned into a single layer or a lamination 

structure. 

Besides. when the silicon oxide film is used, it can be formed by plasma CVD in 

which 1EOS (tetraethyl orthosilicate) and 0 2 are mixed, with a reaction pressure of 40 Pa, and 

at a substrate temperature of from 300 to 400°C, and discharged at a high frequency (13.56 

MHZ) power density of 0.5 to 0.8 W/cm.2• The silicon oxide film thus manufactured can have 

good characteristics as the gate insulating film by subsequent thermal annealing at 400 to 

500°C. 

Then, as shown in Fig. 12A on the gate insulating film 407, a first conductive film 408 

and a second conductive film 409 are fanned into lamination to have a film thickness of 20 to 

100 nm and 100 to 400 run, respectively. In this embodiment, the first conductive film 408 

made of a TaN film with a film thickness of 30 nm and the second conductive film 409 made 
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of a W film with a film thickness of 370 nm are formed into lamination. The TaN film is 

formed by sputtering with a Ta target under a nitrogen containing atmosphere. Besides, the W 

film is fonned by the sputtering method with a W target. The W film may be formed by a 

thermal CVD method using tungsten hexafluoride (WFJ. Whichever method is used, it is 

necessary to make the·;.naterial have low resistance for use as the gate electrode, and it is 

preferred that the resistivity of the W film is set to 20 µb}J;m or less. By making the crystal 

grains large, it is possible to make the W film have lower resistivity. However, in the case 

where many impurity elements such as oxygen are contained within the W film, crystallization 

is inhibited and the resistance becomes higher. Therefore, in this embodiment, by fonning the 

W film by sputtering using a target having a high purity (purity of 99.9999% ), and in addition, 

by talcing sufficient consideration to prevent impurities witbin the gas phase from mixing 

therein during the film fonnation, a resistivity of from 9 to 20 µ&icm can be realized. 

Note that, in this embodiment, the first conductive fdm 408 is made of TaN and the 

second conductive film 409 is made of W. However, the first conductive film 408 and the 

second conductive film 409 are not limited to those and then may be formed from Qne element 

selected from the group consisting of Ta, w. n. Mo, Al, Cu, Cr, and Nd, or using an alloy 

material or a compound material containing the above element as its main constiwent. Also, a 

. semiconductor film typified by a polycrystalline silicon film in which an impurity element 

such as phosphorus has doped may be used. An AgPdCu alloy may be used. Further, a 

combination of the first conductive film made of a tantalum (Ta) film and the second 

conductive film made of a W film, a combination of the titst conductive film made of a 

titanium nitride (TiN) film and the second conductive film made of a W film, a combination 

of the first conductive film made of a tantalum nitride (TaN) film and the second conductive 

film made of an Al film, or a combination of the first conductive film made of the tantalum 
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nitride (TaN} film and the second conductive film made of a Cu film may be used. 

Next, masks 410 to 415 made from resists are fonned by using a photolithography 

method, and then a fiist etching process for forming electrodes and wirings is performed at 

first and ·second etching conditions. In this embodiment, as the first etching condition, an ICP 

(inductively coupled plasma) etching method is used, CF4, 0 2, and O:;i are used as etching 

gases, and a gas flow rate is set to be 25/25/10 (seem). And, RF power (13.56 MHZ) of 500 

Wis applied to a coil shape electrode at a pressure of 1 Pa to generate plasma. Thus, an 

etching is performed. Here, a dry etching device using ICP (Model E64S-DICP), produced 

by Matsushita Electric Industrial Co. Ltd. is used. Also, RF power (13.56 MHZ) of 150 W is 

applied to a substrate side (sample stage) to effectively apply a negative self-bias voltage. 

Under this first etching condition, the W film is etched such that ~e end portion of the second 

conductive layer becomes a taper shape. A top view of the pixel portion obs~zved by using an 

optical microscope immediately after the etching with the first etching condition is shown in 

Fig.17A 

After that. without removing the.masks 410 to 415 made from resists, the first etching . . 
condition is changed into the second etching condition, CF 4 and Cl2 are used as etching gases. 

and a gas flow rate is set to be 30/30 (seem). And, RF power (13.56 MHZ) of 500 W is 

applied to a coil type electrode at a pressure of 1 Pa to generate plasma. Thus, an etching is 

perfonned for about 30 seconds. Also, RF power (13.56 MHZ) of 20 W is applied to the 

substrate side (sample stage) to effectively apply a negative self-bias voltage. Under the 

second etching con~ition that CF4 and Cl:! are mixed with each other, both the W film and the 

TaN fihn are etched with the same ~gree. ~ote that, in order to perform the etching without 

any residue on the gate insulating film, an etching time may be increased by about 10 to 20 %. 

In the first etching process, when the mask made from the resist with a suitable shape 
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is used, the end portions of the first conductive layer and the second conductive layer become 

a. taper shape, due to an effect of the bias voltage applied to the substrate side. An angle of the 

taper portion is 15° to 45°. Thus, first shape conductive layers 417 to 422 (first conductive 

layers 417a to 422a and second conductive layers 417b to 422b) constituted of the first 

conductive layers and the second conductive layers are formed by the first etching process. 

Reference numeral 416 is a gate insulating film. A region which is oat covered with the first 

shape c0nductive layers 417 to 422 is etched by about 20 to SO nm to form a thinned region. 

Also, a top view of the pixel portion observed by using an optical microscope immediately 

after the etching with the second etching condition is shown in Pig. 178. 

Then, without removing the mask made from the resist, a first doping process is 

performed to add an impurity element for imparting an n-type conductivity to the 

semiconductor layer (Fig. 12B). The doping process may be performed with an ion doping 

method or an ion injecting method. As a condition in the ion dope method, a dosage is 1 x 

1013 to 5 x 1015 atoms/cm2 and an acceleni:tion voltage is 60 to 100 keV. In this embodiment, 

the dose is set to 1.5 x 1015 atoms/cm2 and the accelerating voltage is set to 80 keV. As the 

impurity element for imparting the n-type conductivity, an el~ment belonging to Group 15, 

typically phosphorus (P) or arsenic (As) is used. Jn this doping proce.c;s, phosphorus (P) is 

used. Jn this case, the conductive layers 417 to 421 become masks against the impurity 

element for imparting the n-type conductivity, and thus high concentration imp~rity regions 

423 to 427 are formed in a self-aligning manner. The impurity element for imparting the n­

type conductivity is added to the high concentration impurity regions 423 to 427 in a 

concentration range of 1 x 1028 to 1 x 1021 atomS/cm3
• 

Next. a second etching process is peifonned without removing the masks made from 

resists. Here, CF 4, Cl:b and 0 2 are used as etching gases to selectively etch the. W film. At 
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this time, first conductive layers 428b to 433b are fonned by the second etching process. On 

the other hand, the second conductive layers 417a to 422a are hardly etched to form second 

conductive layers 428a to 433a. Next, a second doping process is performed to obtain che 

·state of Fig. 12C. Doping is performed such that, when the second conductive layers 417a to 

422a are used as masks against the impurity element, the impurity element is added to the 

semiconductor layers under the tapet portions of the first conductive layers. Thus, impurity 

region~ 434 to 438 overlapping with the first conductive layers are formed. The concentration 

of phosphorus (P) that is added to the impurity regions has a gentle concentration gradient in 

accordance with the film thickness of the taper portions of the first conductive layers. Note 

that, in the semiconductor layers overlapped with the first conductive layers, although an 

impurity concentration is slightly reduced from the end portions of the taper portions of the 

fkst conductive layers toward the inner portionsy substantially the same degree of 

concentration is obtained. Also, the impurity element is added to the impurity regions 423 to 

427 to form impurity regions 439 to 443. 

Next, a third etching process is perfo~d without removing the mask made from the 

resist (Fig. 13A. In this third etching process, the taper portions of the first conductive layers 

are partially etched to reduce the regions overlapped with the semiconductor layers. The third 

etching process is performed using CHF3 as an etching gas by a reactive ion etching method 

(RIE method). Fhst conductive layers 444 to 449 are form.Cd by the third etching. 

Simultaneously, the insulating film 416 is also etched to form insulating films 450a to 450d, 

and451. 

By the above third etching, impurity regions (LDD regions) 434a to 438a which are 

not overlapped with the first conductive layers 444 to 448 are formed. Note that impurity 

regions (GOID regions) 434b to 438b remain overlapping with the first conductive layers 444 
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to448. 

By doing so, in This embodiment, the difference betWeen the impurity concentration in 

the impurity regions (GOLD regions) 434b to 438b that overlap with the first conductive 

layers 444.to 448 and the impurity concentration in the impurity regions (LDD regions) 434a 

to 438a that do not overlap with the fust conductive layeis 444 to 448 can be made small, 

thereby improving the reliability. 

Next, the masks fonned from resist are removed, masks 452 to 454 are newly fonned 

from resist, and a third doping process is performed. In accordance with the third doping 

process, impurity regions 455 to 460 are fanned, iD which the impurity element (p-type) 

imparting a conductivity opposite to the one conductivity (n-type) is added to the 

semiconductor layer lbat becomes an active layer of the p-channel TFT. The first conductive 

layers 44S and 448 are used as masks against the impurity element, and the impurity element 

that imparts the p-type conductivity is added, to thereby form impurity regions in a self­

aligning manner. In This embodhnent, the impurity regions 455 to 460 are formed by an ion 

doping method using diborane ~HJ (Fig. 13B) .. In the third doping process, the 

semiconductor layer forming the n-channel TPT is oove.red with the masks 452 to 454 fanned 

from resist. Although phosphorus is added to the impurity regions 455 and 460 at different 

concentrations in acconfance with the first and second doping processes, the doping process is 

performed such that the concentration of the impurity element imparting p-type conductivity is 

in the range of 2 x 1<>2° to 2 x 1011 atoms/cm.3 in any of the impurity regions. Thus, the 

impurity regions function as the source region and the drain region of the p-channel TFT so 

that no problem occurs. In This embodiment, a part of the semiconductor that becomes an 

active layer of the p-channel TFI' is exposed, and thus, there is an advantage that an impurity 

element (boron) is easily added 
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Through the above processes, the impurity regions are fonned in the respective layers. 

Subsequently, the masks 452 to 454 consisting of resist are removed, and a first 

interlayer insulating film 461 is formed. This first interlayer insulating film 461 is fonned of 

an insulating film containing silicon by a plasma CVD method or a sputtering method with a 

thickness of 100 to 200 nm. In this embodiment, a silicon nitride oxide film wilh a film 

thickness of 150 nm is formed by plasma CVD. Of course, the first interlayer insulating film 

461 is not particularly limited to the silicon nitride oxide film, and other insulating film 

containing silicon may be formed into a single layer ot a lamination structure. 

· Th~ as shown in Fig. 13C, a step of activating the impurity elements added in the 

respective semiconductor layers is conducted, This activation step is carried out by thermal 

annealing using an annealing fumace. The thermal annealing may be performed in a nitrogen 

atmosphere having an oxygen concentration of 1 ppm or less, preferably 0.1 ppm or less and 

at 400 to 1ooac, typically 500 to 550°C. In this embodiment. a heat treatment at 500°C for 4 

houm is carried out. Note that, other than the thennal annealing method, a laser annealing 

method, or a rapid thermal annealing method (RTA method) can be applied thereto. 

Note thatt in this embodimenlt at the same time with the above activation process, 

nickel used as the catalyst for crystallization. is gettered to the impurity regions 439, 441. 442, 

455, and 458 containing phosphorous at high concentration. As a result, nickel concentration 

of the semiconductor layer which becomes a channel forming region is mainly lowered. The 

'm' having a channel forming region thus formed is decreased in off current value, and has· 

high electric field mobility because of good crystallinity, thereby attaining satisfactocy 

characteristics. 

Further, an activation process may be performed before forming the first interlayer 

insulating film 461. However, in the case where the used wiring material is weak to heat. it is 
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preferable that the activation process is peiformed after an interlayer insulating film 

(containing silicon as its main constituent, for example~ silicon nitride film) is formed to 

protect the wiring or the like as in this embodiment. 

In addition, heat treatment at 300 to 550°C for 1to12 hours is performed in an 

atmosphere containing hydrogen of 3 to 100% to perfomi a step of hydrogenating the 

semiconductor layers. In rhis embodimentt the heat treatment is performed at 410°C for 1 

hour in a nitrogen atmosphere containing hydrogen of about 3%. This step is a step of 

tennlnating dangling bonds in the semiconductot layer by hydrogen included in the interlayer 

insulating film. As another means for hydrogenation, plasma hydrogenation (using hydrogen 

excited by plasma) may be cmied out. 

Also, in the case where a laser annealing method is used for an activation process, it is 

desired that laser light of an excimer laser, a YAG laser or the like is .irradiated after the 

hydrogenation. 

Next, a second interlayer insulating film 462 made of an inorganic insulating material 

or an organic insulating material is form~ on the first interlayer insulating film 461. In this 

embodiments an acrylic resin fihn with a film thickness of 1.6 µm is formed. The film with 

the viscosity of 10 to 1000 cp, preferably, 40 to 200 cp is used. Also, the acrylic resin film has 

convex and concave portions on its surface. 

In this embodiment, in order to prevent the mirror reflection, convex and concave 

portions are formed on the surfaces of the pixel electrodes by forming the second interlayer 

insulating film with convex and concave portious on the surface. Also, in order to attain light 

scattering characteristics by forming the convex and concave portions on th~ s~s of the 

pixel electrodes, convex portions may be formed in regions below the pixel electrodes. In this 

~. since the same photomask is used in the formation of the TFIS, the convex portions can 
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be formed without increasing the number of processes. Note that the convex portion may be 

suitably provided in the pixel portion region except for the wirings and the TFT portion on the 

substrate. Thus, the convex aud concave portions are formed on the surfaces of the pixel 

electrodes along the convex and concave portions ~~ on the surl'ace of the insulating film 

covering the convex portion. 

Also, a film with the leveled surface may be used as the second interlayer insulating 

film 462~ In this case, the following is preferred. That is, after the fonnation of the pixel 

electrodes, conveJC; and concave portions are formed on the surface with a process using a 

known method such as a sandblast method or an etching method. Thus, since the mirror 

reflection is prevented and'reflection light is scanered, whiteness is preferably increased. 

Then, in a driver circuit 506, wirings 463 to 467 electrically connected with the 

resp~ve impurity regions are funned. . Note that those wirings are formed by patterning a 

lamination film of an film with a film thickness of 50 um and an alloy film (alloy film of AI 

and n) with a film thickness of 500 nm. 

Also, in a pix:el portion 507, a pixel electrode 470, a gate wiring 469, and a connection 

electrode 468 are formed (Fig. 14). By this connection electrode 468, an electrical connection 

between a source wiring (lamination layer of the impmity region 443b and the first conductive 

layer 449) and the pixel TFf is !ormed. Also, an electrical connection between the gate 

wiring 469 and the gate electrode of the pi"~el TFr is formed. With respect to the pixel 

electrode 470, an electrical connection with the drain region 442 of the pixel TfT and an 

electrical connection with tlie semiconductor layer 458 which functions as one of electrodes 

for forming a storage capacitor are formed. It is-desired that a material having a high 

reflectivity, such as a film contairung Al or Ag as its main constituent, or a lamination film 

thereof, is used for the pixel electrode 470. 
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Thus, the driver circuit 506 having a CMOS circuit fomJed by an n-channel TFI' 501 

and a p--channel TFT 502 and an n-channel type TFT 503, and the pixel portion 507 having a 

pixel TFT 504 and a retaining capacitor 505 can be formed on the same substrate. As a result, 

the active matrix substrate is completed. 

The n--channel type TFr 501 of the driver circuit 506 has a chanuel fonning region 

471, a low concentration impurity region (GOLD region) 434b overlapping with the first 

conductive layer 444 constituting a portion of the gate electrode, a low concentration 

impurity region (LDD region) 434a formed outside the gate electrode. and a high 

concentration impurity region 439 which functions as the source region or the drain region. 

The p-channel type TFI' 502 forming the CMOS circuit by connecting with the n·channel type 

TFT 501 through an electrode 466 has a channel forming region 472, an impurity region 457 

overlapping with the gate electrode. an impurity region 456 formed outside the gate 

electrode, and a high concentration impurity region 455 which functions as the source region 

or the drain region. The n-channel type TFT 503 has a channel forming region 473, a low 

concentration impurity region (GOID region) 4~6b overlapping with the first conductive layer 

446 constituting a portion of the gate electrode, a low concentration impurity region (LDD 

region) 436a formed outsjde the gate electrode, and a high concentration impurity region 441 

which functions as the source region or the drain region. 

The pixel TFT 504 of the pixel portion 507 includes a channel forming region 474, the 

low concentration impurity region 437b (GOID region) overlapping with the first conductive 

layer 447 forming a part of the gate electrode, a low concentration impurity region 437a (LDD 

region) formed outside'the gate electrode, and the high concentzatiou impurity region 443 

functioning as a source region or a drain region. Besides, impurity elements impaning p-type 

conductivity are added to the respective semiconductor layers 458 to 460 functioning as one of 
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the electrodes of the storage capacitor 505. The storage capacitor 505 is fonned from the 

electrode (a lamination of 448 and 432b) and the semic.onductor layers 458 to 460 using the 

insulating film 451 as a dielectric member. 

Further, in the pixel structure of this embodiment, an end portion of the pixel electrode 

is formed by ammgiug it so as to overlap with the source wiring so that the gap between the 

pixel electrodes is shielded from light without using a black matrix. 

A top view of the pixel portion of the active matrix substrate manufactured in this 

embodiment is shown in Fig. 15. Note that, the same reference numerals are used to indicate 

pans corresponding Figs. 12 to 14. A dash line A· A' in Fig. 14 corresponds to a sectional 

'View taken along the line A - At in Fig. 15. Also, a dash line B - B' in Fig. 14 corresponds to 

a sectional view taken along the line B - B' in Fig. lS. 

In addition, in accordance with the process steps of this embodiment, the number of 

photo masks needed for manufacturing the active matrix substrate may be made into five 

pieces. As a result, it can contribute to reduction in manufacturing steps, lowering the 

manufacturing cost, and improving the yield. 

[Embodiment 4] 

In this embodiment, a manufacturing process of a reflection type liquid crystal display 

device from the active matrix substrate manufactured in accordance with Embodiment 3 will 

be described hereinbelow. Fig. 16 is referred to in an explanation thereof. 

First, in accordance with Embodiment 3, an active matrix substrate in a state shown in 

Fig. 14 is obtained, and thereafter, an orientation film 471 is formed at least on the pixel 

electrode 470 on the active matrix substrate of Fig. 14, and is subjected to a rubbing process. 

Note that, in this embodiment, before the formation of the orientation film 471, a columnar 
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spacer (not shown) for maintaining a gap between the substrates is formed at a desired 

position by patterning an organic resin film such as an acrylic resin film. Further, spherical 

spacers may be scattered on the entire surface of the substrate in place of the columnar spacer. 

Next, an opposing substrate 479 is prepared. Colored layers 472, 473 and a leveling 

film 474 are formed on the opposing substrate 479. The red-colored lay.er 472 and the blue­

colored layer 473 are overlapped with each orher, thereby fonning a light shielding portion. 

Note that, the red-colored layer and a green-colored layer may be partially overlapped with 

each other to form a light shielding portion. 

In this embodiment, the substrate as shown in Embodiment 3 is used. Thus. in Fig. 15 

showing the top view of the pixel portion of Embodiment 3, it is necessary to shield the light 

at least, a gap between the gate wiring 469 and the pixel electrode 470, a gap between the gate 

wiring 469 and the connection electrode 468, and a gap between the connection electrode 468 

· and the pixel electrode 470. In this embodiment, the respective colored layers are arranged 

such that these gaps are overlapped with a light shielding portion made from a lamination 

layer of the colored layers in light shielding positions, and then adhered ro the COUJltet 

substrate. 

Thus, without forming a light shielding layer such as a black mask, the number of 

processes can be reduced by shielding the ligh~ in the gaps between the respective pixel 

electrodes using the light shielding portion made from the lamination layer of the colored 

layers. 

Next, an opposing electrode 475 made from a transparent conductive film is formed on 

a leveling film 474 in at least the pixel portion, and then an orientation film 476 is funned on 

the entire surface of the counter substrate to perl'orm a rubbing processing. 
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Then. the active matrix substrate in which the pixel portion 506 and the driver circuit 

507 are fonned and the counter substrate are adhered to each other by using a sealing member 

477. A filler is mixed with the sealing member 477, and two substrate are adhered to each 

other with a uniform interval by this filler and the columnar spacer. After that, a liquid crystal 

material 478 is injected into a space between both substrates and then completely sealed by a 

sealing agent (not shown). A known liquid crystal material may be used as the liquid crystal 

· material 478. Note that, since this embodiment is the retlection type, a substrate interval 

becomes about a half that in Embodiment 1. Thus, the reflection tY{>C liquid crystal display 

4evicc as shown in Fig. 16 is completed. If necessary, the active matrix substrate. or the 

counter substrate is cut with a predetenniued shape. Also, a polarization plate (uot shown) is 

adhered to only the counter substJ:ate. And. an FPC is adhered to the liquid crystal display 

device using a known technique. 

The liquid aystal panel thus manufactured can be used as the display portion of 

various electronic devices. 

[Embodiment SJ 

In this embodiment, an example that aii EL (electro luminescence) display device. 

which is also called a light emitting device or a light emitting diode, is manufactured by using 

the present invention will be described. The Ei. device refeITed to in this specification include 

a triplet-based light emission device and a singlet-based light emission device, for example. 

Note that, Fig. 18 is a cross sectional view of the EL display device of the present invention. 

In Fig. 18, a switching TFT 603 provided on a substrate 700 is form:ed ~ing the n­

channel type TFT 503 of Fig. 14. Thus, this structure may be referred to the description of the 

n-channel type TFl' 503. 
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Note that, in this embodiment, a double gate structure in which two channel fanning 

regions are fonned is used. However, a single gate structure in which one channel fanning 

region is formed, or a triple gate structure in which three channel forming regions are foaned 

maybe used. 

A driver circuit provided on the substrate 700 is formed using the CMOS circuit (a n­

channel type 1Ff 601 and p-channel type TFT 602) of Fig. 14. Thus, this structure may be 

referred to the descriptions of the n-channel type TFT 501 and the p-channel type TPT 502. 

Note that, in this embodiment, the single gate structure ls used. However, the double gate 

structure or the triple gate structure may also be used. 

Also, wirings 701 and 703 function as a source wiring of the CMOS circuit, a wiring 

702 functions as a drain wiring thereof. A wiring 704 functions as a wiring for electrically 

connecting a source wiring 708 with a source region of the switching TFT. A wiring 705 

functions as a wiring for electrically connecting a drain wiring 709 with a drain region of the 

switching TFT. 

Note that, a current-controlled TFT 604 is formed using the p-channel type TFT 502 of . . 
Fig. 14. Thus, this structure may be referred to the descriptions of the p-channel type TFr 

502. Note mat, in this embodiment, the single gate structure is used •. However, the double 

gate sttucture or the triple gate structure may be used. 

Also, a wiring 706 is a source wiring (corresponding to a current supply line) of the 

cmrent-controlled TFf. Reference numeral 7fr/ denotes an electrode which is electrically 

connected with a pixel electrode 710 by overlapping with the pixel electrode 710 of the 

cumnt-controlled TFI'. 

Note rhat. reference numeral 710 deuotes the pixel electrode (anode of an EL element) 

made from a transparent conductive film. As the transparent conductive film, a compound of 
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indium oxide and tin oxide, a compound of indium oxide and· zinc oxide, zinc oxide, tin 

oxide, or indium oxide can be used. Also, the transparent conductive film to which gallium is 

added may be used. The pixel electrode 710 is formed on a level interlayer insulating film 

711 before the formation of the above wirings. Iu this embodiment, it is very important to 

level a step in the TFI' using the leveling film 711 made of resin. Since.an BL layer formed -

later is extremely thin, there is the case where insufficient light emitting occurs due to the 

step. Thus, in order to form the EL layer as level as possible, it is desired that the step is 

leveled before the formation of the pixel electrode 710. 

After the wirings 701 to 707 are fonned, a bank 712 is fonned as shown in Pig. 18. 

The bank 712 may be form¢ by patterning an insulating film with a thickness of 100 to 400 

nm containing silicon or an organic resin film. 

Note that, since the bank 712 is an insulating film, it is necessary to pay attention to a 

dielectric breakdown of an element in the film formation. In this embodiment, a carbon 

particle or a metal particle is added to the insulating film which is a material of the bank 712 

to reduce a resistivity. Thus, an electrostatic occurrence is suppressed. Here, an additional 

amount of the carbon particle or the metal particle may be controlled such that the resistivity 

is 1 x 10' to 1 x 1012S2i m (preferably, 1 x la8 to 1 x 1010 S2.m). 

An EL layer 713 is fonned on the pixel electrode 710. Note that, only one pixel is 

shown in Fig. 18. However, in this embodiment, the EL layen; are formed corresponding to 

respecti'VC colors of R (red), G (green). and B (blue). Also, in this embodiment, a low 

molecular organic EL material is formed by an evaporation method. Concretely, copper 

phthalocyanine (CuPc) film with a thickness of 20 nm is provided as a hole injection layer, 

and a tris-8-quinolinolate aluminum complex (Al<JJ) film with a thickness of 70 nm is 

provided thereon as a light emitting layer. Thus, a lamination structure of those films is 
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formed. A light emitting color can be controlled by adding a tluorochrome such as 

quinacridon, pecylene, or DCM! to Aicb· 

Note that, the above example is one example of the organic EL material which can be 

used as the EL layer, and it is unnecessary to be limited to this example. The EL layer (layer 

for causing light to emit and a canier to move for the emitting of light) may be formed by 

freely combining the light emitting layer and a charge transport layer or a charge injection 

layer. For exampl«:y in this embodiment, although the example that the low molecular organic 

EL material is used as the EL layer is shown, a polymer organic EL material may be also used. 

Also, an inorganic material such as silicon carbide can be used as the charge transport layer or 

the charge injection layer. A known material can be used as the organic EL material and the 

inorganic material. 

Next, a cathode 714 made from a condudive film is provided on the EL layer 713. rn 
the case of this embodiment, an alloy film of aluminum and lithium is used as the conductive 

film. Of course, a known MgAg film (alloy film of magnesium aud silver) may be used. As a 

·cathode material, the conductive film made of an element. which belongs to group 1 or gr~up 2 

of the periodic table, or the conductive film to which those elements ate added may be used. 

When this cathode 714 is formed, an EL element 715 is completed. Note that, the EL 

element 715 completed here repi:esents a capacitor formed by the pixel electrode (anode) 710, 

the EL layer 713, and the cathode 714. 

It is effective to provide a passivation film 716 so as ·to completely cover the EL 

element 715. As the passivation film 716, a single layer of an insulating film containing a 

carb9n film. a silicon nitride film, or silicon nitride oxide film, or a lamination layer of a 

combination with the insulating film is used. 

59 



Here, it is preferred that a film with a good coverage is used as the passivation film, 

and it is effective to use the carbon film, in particular a DLC (diamond like carbon) film. 

Since the DLC film can be fonned in a range of a room temperature to 100 • C, it can be easily 

formed over the EL layer 713 with a low heat-resistance. Also, since the DLC film has a high 

blocking effect against oxygen, the oxidation of the EL layer 713 can be. suppressed. Thus, 

the oxidation of the EL layer 713 during the following sealing process can be prevented. 

Further, a sealing member 717 is provided on the passivation film 716, and then a 

cover member 718 is adhered to the sealing member 717. Ultraviolet light cured resin may be 

used as the sealing member 717, and it is effective to provide a material having a hygroscopic 

effect or a material having an oxidation inhibition effect inside. Also, in this embodiment, a 

member in which a carbon film (preferably, a diamond carbon like film) is formed on both 

surfaces of, a glass substrate, a quartz substrate, or il plastic substrate (including a plastic film) 

is used as the cover member 718. 

Thus, an EL display device of the swcture as shown in Fig. 18 is completed. Note 

that, after the fonnation of the bank 712, it is effective to successively perfoxm th~ processes 

until.the formation of the passivation film 716 using a film fonnation apparatus of a multi 

chamber system (or an inline system) without exposing to air. Further, processes until the 

adhesion of the cover member 718 can be successively performed without exposing to air. 

Thus, n-channel TFTs 601 and 602, a switching TFT (n-channel TF1j 603, and a 

current control TFI' (n-channel TFl') 604 are formed on the insulator 700 in which a plastic 

substrate is formed as a base. The number of masks required in the manufacturing process 

until now is less "tban that required in a general active matrix EL display device. 

That is, the manufacturing process of the TFTs is largely simplified, and thus the 

improvement of yield and the reduction of a manufacturing cost can be realized. 
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Further, as described using Fig. 14, when the impurity regions overlapped with the 

gate electrode through the insulating film are provided, the n-channel tYPe TFT having a high 

resistant against the deterioration due to a hot canier effect can be fonned. Thus, the EL 

display device wirh high reliability can be realized. 

In this embodiment, only the structures of the pixel portion and the driver circuit are 

shown. However, according to the manufacturing process of this embodiment, logic circuits 

such as a signal separation circuit, a D/A converter, lo operational amplifiel', and a r 
correction circuit can be further formed on the same insulator. A memory and a 

microprocessor can be also fonned. 

An EL light emitting device of this embodi:ntent after the sealing {filling) process for 

protecting the EL element will be described using Fig. 19. Note that, if necessary, reference 

symbols used in }1ig. 18 are refen-ed to. 

Fig. 19A is a top view representing the state after the sealing of the EL element, and 

Fig. 19B is a cross sectional view along a line A·A' of Fig. 19A. Reference numeral 801 · 

shown by a dotted line denotes a source side driver circuit, reference numeral 806 denotes a 

pixel portion. and reference numeral 807 denotes a gate side driver circuit. Also, reference 

numeral 901 denotes a cover member. reference numeral 902 denotes a first sealing member, 

and reference numeral 903 denotes a second sealing member. A sealing member 907 is. 

pnMdcd in the inside surrounded by the fitst sealing member 902. 

Note that, reference numeral 904 denotes a wiring for transmitting signals inputted to 

the source side driver circuit 801 and the gate side driyer circuit 807. The wiring 904 receives 

a video signal and a clock signal from an FPC (flexible printed circuit) 905 8$ an external . . . . 
input tenninal. In F"ig. 19A, although only the FPC is shownt a printed wiring board (PWB) 

may be attachC?d to the FPC. The EL display device in this specification includes not only the 
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main body of the EL display device but also the EL display device to which the FPC or the 

PWB is attached. 

Next, the cross sectional strocture will be described using Fig. 198. The pixel portion 

806 and the gate side driver circuit 807 are formed over a substrate 700. The pixel portion 

806 is formed by a plurality of pixels each having a current control TFT 604 and a pixel 

electrode 710 electrically connected with the drain region thereof. Also, the gate side driver 

circuit 807 is formed using the CMOS circuit in which an n-channel type TFT 601 and a p­

channel type TFT 602 are combined with each other (see Fig. 14). 

The pixel electrode 710 functions as an anode of the EL element. Also, banks 712 are 

formed in both ends of the pixel electrode 710. An EL layer 713 and a cathode 714 of the EL 

element are formed on the pixel electrode 710. 

The cathode 714 also functions as a wiring common to all pixels, and is electrically 

connected with the FPC 905 through the connection wiring 904. Further, all elements which 

are included in the pixel portion 806 and the gate side driver circuit 807 are covered with the 

cathode 714 and a passivation fihn 716. 

Also, the a>ver member 901 is adhered to the resul~nt substrate 700 by'the first 

sealina member 902. Note that. in order to keep an interval between the cover member 901 

and the EL element, a spacer made of a resin film may bC provided. Then, the inside of the 

first sealing member 902 is filled with a sealing member 907. Note that, it is preferred that 

epoxy resin is used as the first sealing member 902 and the sealing melllber 907. Also. it is 

desired that the first sealing member 902 is a material to which moisture and oxygen are not 

penetrated as much as possible. Further, a material.having a hygroscopic effect or a material -

having an oxidation inhibition effect may be contained in the sealing member 907. 
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The sealing member 907 provided to cover the EL element also functions as an 

adhesive for adhering the cover member 901 to the resultant substrate 700. Also, in this 

embodiment, FRP {fiberglass-reinforced plastics), PVF (polyvinylfluoride), Mylar, polyester, 

or acrylic can be used as a material of a plastic substrate 901a composing the cover member 

901. 

Also, after the adhering of the cover member 901 using the sealing member 907, the 

second sealing member 903 is provided to cover side surfaces (exposed surfaces) of the 

sealing member 907. In the second sealing member 903, the same material as that of the fitSt 

sealing member 902 can be used. 

By sealing the EL element with the sealing member 907 with the above structure, the 

EL element can be completely shielded from the outside, and penetration of a substance (such 

as moisture or oxygen) which prompts deterioration due to oxidation of the EL layer, from the 

outside, can be prevented. Thus, the EL display device with high reliability is obtained. 

[Embodiment 6] 

TFI' fonned by implementing above Embodiments 1 to 5 of the pxesent invention can be 

used in various electro-optical devices (such as an active matrix liquid crystal display device, an 

active matrix EL display device and an aclive Jllatrix EC display device). Namely, the present 

invention can be implemented in all electronic appliance in which these electro-optical devices 

are built into a display portion. 

The following can be given as such electronic appliance: a video camera, a digital camera, 
-

a projector, a head-mounted display (goggle type display), a car navigation system, a car stereo, 

a petSOllal computer, and a portable information te~al (such as a mobile computer, a portable 

telephone or an electronic book). Examples of these are shown in Figs. 20, 21 and 22. 



Fig. 20A is a personal computer. and it includes a main body 2001, an image input 

portion 2002, a display ponion 2003, and a keyboard 2004, etc. The present invention can be 

applied to the display portion 2003. 

Fig. 20B is a video camera, and it includes a main body 2101, a display portion 2102, an 

audio input portion 2103, operation switches 2104, a battery 2105, and an image receiving 

portion 2106, etc. The present invention can be applied to the display portion 2102. 

Fig. 20C is a mobile computer, and it includes a main body 2201, a camera portion 2202, 

an image receiving portion 2203, operation switches 2204, and a display portion 2205. The 

present invention can be applied to the display portion 2205. 

Fig. 200 is a goggle type display, and it includes a main body 2301, a display ponion 

2302, an aan portion 2303, etc. The present invention can be applied to the display portion 

2302. 

Fig. 20E is a player that uses a recording medium on which a program is recorded 

(hereafter referred to as a recording medium), and the player includes a main body 2401, a 

display portion 2402; a speaker portion 2403, a recording ~edium 2404, and operation switches 

2405, etc. Note that this player uses a recording medium such as a DVD (digital versatile disk) 

or a CD, and the appreciation of music, the appreciation of film, game playing and the Internet 

can be performed. The present invention can be applied to the display portion 2402. 

Fi&- 20F is a digital camera, and it includes a main body 2501, a display portion 2502, 

an eyepiece portion 2503, operation switches 2504, and an image receiving portion (not shown 

in the figure), etc. The present invention can be applied to the display portion·2502. 

Fig. 21A is a front projector, and it includes a projection system 2601, a screen 2602, etc. 

The present invention can be applied to a liquid crystal display device 2808 which constitutes a 

part of the projection system 2601, or other driver circuits. 
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Fig. 218 is a tear projector, and it includes a main body 2701, a projection system 2702, 

a mirror 2703, a screen 2704, etc. The present invention can be applied to a liquid crystal display 

device 2808 which constitutes a pan of the projection system 2702 or other driver circuits. 

Note that Fig. 21C is a diagram showing an example of the structure of projection 

systems 2601 and 2702 of Figs. 21A and 21B. The projection systems 2601 and 2702 comprise 

an optical light source system 2801, mirrors 2802 and 2804 to 2806, a dichroic mirror 2803, a 

prism 2807, a liquid crystal display device 2808, phase differentiating plate 2809 and a projection 

optical system 2810. The projection optical system 2810 comprises an optical system including 

a projection lens. The present embodiment showed a three plate type, but it is not limited to this 

structure, and it may be for instance a single plate type. Further, the operator may'appropriately 

dispose an optical system such as an optical lens, a film h<lving light polarizing function, a film 

for adjusting phase difference and an IR film, in the optical path shown by an arrow in the Fig. 

21C. 

Fig. 21D is a diagram showing an example of the structure of the optical light source 

system 2801 of Fig. 21C. In the present embodiment the optical light source system 2801 

comprises a reflector 2811, a light source 2812. lens arrays 2813 and 2814, light polarizing 

conversion element 2815 and a condenser lens 2816. Note that the optical light source system 

shown in Fig. 21D is merely an example and is not specifically limited. For example, the 

opemtor may appropriately dispose an optical system such as an optical lens, a film having light 

polarizing function, a fih:ia for adjusting phase difference and an IR fil~ etc., in the optical light 

source system. · 

Provided however, the projectors shown in Fig. 21 show a case of using transmission type 

electro-optical device and an application example of reflection type electro·optical device and 

EL display device are not shown in the figures. 
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Fig. 22A is a portable telephone. and it includes a main body 2901, an audio output 

portion 2902, an audio input portion 2903, a display portion 2904, operation switches 2905, and 

an antenna 2906, etc. The present invention can be applied to the display portion 2904. 

Fig. 22B is a portable book (electronic book), and it includes a main body 3001, display 

portions 3002 and 3003, a recording medium 3004, operation switches.3005, and an antenna 

3006, etc, The present invention can be applied to the display portions 3002 and 3003. 

Fig. 22C is a display, and it includes a main body 3101. a support stand 3102, and a 

display portion 3103, etc. The present invention can be applied to the display portion 3103. The · 

display of the present invention is advantageous for a luge size screen in particular, and is 

advantageous for a display equal to or greater than 10 inches (especially equal to or greater than 

30 inches) in the opposite angle. 

The applicable range of the present invention is thus extremely wide, and it is possible 

to apply the present invention to electronic appliance in all fields. Further, the electronic 

appliance of Embodiment 6 can be realized by using a constitution of any combination of 

Embodiments 1to5. 

[Embodiment 7] 

This embodiment will be explained with -reference to Figs. 23A to 23C and Figs. 24A 

to24D. 

Pirsr, a base insulating film 1011 is formed on a substrate 1010. A glass substrate, a 

quartz substrate, a silicon substrate, a metal substrate or a stainless substrate ha'Cfing an insulating 

film fonned thereon may be used as the substrate 1010. Further, a plastic substrate with heat-. . 
resistance, which can stand treatineilt temperature, may be used. 
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Besid~ as the base insulating film 1011, an insulating film such as a silicon oxide film, 

a silicon nitride film or a silicon nitride oxide film is used. Here, although an example of a two­

layer structure (lOlla, lOllb) as the base insulating film 1011 is shown, a single layer film or 

a lamination of two or more layers of the above insulating films may be used. Note that, the base 

insulating film may not be fo:nned. 

Next, a semiconductor layer 1012 is fonned on the base insulating film. A 

semiconductor film with an amorphous structure is formed by a known means (sputtering 

method, LPCVD method, plasma CVE method or the like), a crystalline semiconductor f'llm 

manufactured by conducting a known crystallization process (laser crystallization method, 

thermal czystalliz:ation method, thennal crystallization method using a catalyst such as nickel or - ··- -

the like) is patterned into a desired shape using a first photo mask, and then the semiconductor 

layer 1012. The thickness of the semiconductor layer 1012 is set from 25 to 80 nm (preferably 

between 30 and 60 nm). Although there is no limitation on the crystalline semiconductor film 

material, it is preferable to be fo~ of a silicon or a silicon germanium (SiGe) alloy. 

Next, an insulating film 1013 is formed covering the semiconductor layer 1012. . 
As the insulating film 1013, a single layer or a laminate structure of an insulating film 

containing silicon is formed with a thickness of 40 to 150 nm by a plasma CVD method or a 

sputtering method. Note that, the insulating film 1013 coxresponds. to a gate insulating film. 

Next., a first conductive film 1014 with a thiclcness of 20 to 100 nm, and a second 

conductive film 1015 with a thickness of 100 to 400nm are laminated on the insulating film 1013 

(Fig. 23A). Here. the first conductive film 1014 made of a TaN film and the second conductive 

film 1015 made of a W film are formed 1n la.minatio1.l by using the sputtering method. Note that, -

although the first conductive film 1014 is made of TaN and the second conductive film 1015 is 

made of W, there is no limitation on the material. Both the first conductive film 1014 and the 
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second conductive film 1015 may be formed of an element selected from the group consisting 

of Ta, W, Ti, Mo, Al, and Cu, of an alloy material including one of the above elements as it5 

main constituent, or of a chemical compound ~f the above elements. Further, a semiconductor 

film, typically a polysilicon film, into which an impurity element such as phosphorous is doped, 

may also be used. 

Next, a resist mask 1016a is formed using a second photo rnas\4 and a first etching 

process is conducted using an ICP etching device. The second conductive film 1015 is etched 

in the first etching process to obtain a second conductive layer 1017a with a portion of a tapered 

shape (tapered portion) at rhe end portion, as shown in Fig. 23B. Note that, although the first 

conductive film is slightly etched in rbe fJISt etching, this is not shown in the figure. 

The angle of the tapered portion (taper angle) is defined as the angle formed by a surface 

of the substrate (horizontal surface) and a slanted portion of the tapered portion. The taper angle 

of the second conductive layer 1017a may be set in the range of 5a to 45° by appropriately 

selecting the etching conditions. 

Next, a second etc.bing process is performed using the resist mask 1016a as it is with the 

ICP etching device. The ill'St conductive film 1014 is etched in the second etching process to 

fonn a first conductive layer1018a as shown in Fig. 23C. The first conductive layer l018a has 

a first width (Wl). Note that, in the second etching process, the resist mask, the second 

• conductive layer and the insulating film are slightly etched, and a resist mask 1016b, a second 

conductive layer 1017b and an insulating film 1019a are fonned, respectively. 

Note that, two etching processes (the first etching process and the second etching 

process) are performed .in. order to suppress the reduction in the film thickness, but there is no 

limitation provided that an electrode structure (a lamination of the second conductive layer 1017b 
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and the first conductive layer 1018a) is formed as shown in Fig. 24C. One etching process may 

be adopted. 

Next, a third etching process is performed with the resist mask 1016b using the ICP 

etching device. The second conductive layer 1017b is etched in the third etching process to fonn 

a second conductive layer 1017c as shown in Fig. 23C. The second conductive layer 1017c has 

a second width (W2). Note that, in the third etching process, the resist mask, the first conductive 

layer and the insulating film are slightly etched, and a resist mask 1016c, a first conductive layer 

1018b and an insulatin& film 1019b are formed, respectively (Fig. 230). 

'Ibereaftert while the resist mask 1016c is kept as it is, a first doping process is 

conducted. In the first doping process, through doping is peiformed through the insulating film 

1019b using the first conductive layer as a mask, and high concentration impurity regions 1020 

and 1021 are fonned (Fig. 24A). 

With such through doping, the doping amount into the semiconductor layer can be 

controlled at the desired value. 

Next, while the resist mask 1016c is kept as it is, a second doping process i~ conducted. 

In the second doping process, through doping is pedormed through the tapered portion of the first 

conductive layer 1018b and the insulating film 1019b, and low concentration impurity regions 

1024 and 102S are formed (Fig. 24B). Note that, in the second doping process, the high 

concentration impurity regions 1020 and 1021 are also doped, and high concentration impurity 

regions 1022 and 1023 arc formed. 

Next, while the resist mask 1016c Is kept as it is, a founh etching process is conducted 

using an RIB etching device or the ICP etching device. In the fourth etching process, a part of 

the tapered portion of the first conductive layer 1018b is removed. Here, the first conductive 
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layer l018b with the first width (Wl) becomes a first conductive layer 1018c with a third width 

(W3) (Fig. 24C). 

In this embodiment, the fust conductive layer 1018c and the second conductive layer 

1017c formed thereon become a gate electrode. Note that, in the fourth etching process, the 

insulating film 1019b is also etched, and au insulating film 1019c is .fozmed. Although an 

example, in which a part of the insulating film is removed to expose the high concentration 

impurity regions, is shown hete, there is no limitation and the high concentration impurity regions 

may be covered with a thin insulating fihn. 

Thereafter, the resist mask 1016c is removed, and activation of the impurity element 

added into the semiconductor layer is performed. Then, after an interlayer insulating film 1027 

is formed, a contact hole is formed using a third mask. A conductive film is formed, and then 

electrodes 1028 aoii 1029 are formed using a fourth mask. 

As descri~d above, a TFT with the structure shown in Fig. 24D can be fonned using 

four photo masks. 

Further, the characterisdcof the TFr funned in accordance with this embodiment is that 

the low concentration impurity region 1025, which is pl'O\l'ided between the channel forming 

re~n 1026 and rbe ~n region 1023, has almost no concentration difference and has a gentle 

concentration gradient therein, and that the low cmicentration impurity region 1025 includes a 

region I025a overlapping the gate electrode (1018c) (GOI.D region) and a region 1025b not 

overlapping the gate electrode (IDD region). Further, a peripheral portion of the insulating film 

1019c, that is the upper portions of the region 1025b not overlapping the gate electrode and the 

high concentration impurity regions 1020 and 1021, have a tapered shape. 

[Embodiment 8] 
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This embodiment will be explained below with reference to Figs. 2SA to 25D and Figs. 

26Ato26D. 

Note that, this embodiment is same as Embodiment 7 up to the first etching process (Fig. 

23B) and the same reference symbols are used. Further, Fig. 25A corresponds to Fig. 23A, and 

Fig. 2SB corresponds to Fig. 23B. 

First. the state of Pig. 23B is obtained in accotdance with Embodiment 7. Through this 

fust etchlng process, the second conductive layer 1017a with a first width (Xl) is fonned. 

Next, while the resist mask 1016a is kept as it is,. the first doping process is perfonned. 

Through the first doping process, through doping is pel'fonned through the first conductive film 

1014 and the insuladng film 1013 using the second conductive layer 1017a as a mask, and high 

concentration impurity regions 1030 and 1031 are formed (Fig. 2SC). 

With such through doping, the doping amount into the semiconductor layer can be 

controlled at the desired value. 

Next, the second etching process is performed using the resist mask 1016a as it is with 

the ICP etching device. The first conductive film 1014 is etched in the second etching process 

to fonn a first conductive layer 1034a as shown in Fig. 25D. The first conductive layer 1034a .. 

has a second width (X2). Note th.at, in the second etching process, the resist mask, the second 

conductive layer and tbe insulating film are slightly etched, and a resist mask 1032a, a second 

conductive layer 1033a with a third width (X3) and an insulating film 103Sa are formed, 

respectively. 

Next. a third etching process is performed using the resist mask 1032a with the ICP 

etching device. The Second conductive film 103~a ~etched in the third etching process to form • 

a second conductive layer 1033b as shown in Fig. 26A. The second conductive layer 1033b has 

a fourth width (X4). Note that, in the third etching process, the resist mask, the first conductive 
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layer and the insulating film are slightly etched, and a resist mask 1032b, a first conductive layer 

1034b and an insulating film 1035b are formed, respectively (Fig. 26A). 

Next, while the resist mask 1032b is kept as it is, the second doping process is 

conducted. In the second doping process, through doping is performed through the tapered 

portion of the :fust conductive layer 1034b aud the insulating .fihn 1035b, and low concentration 

impurity regions 1038 and 1039 are fonned (Fig. 26B). Note that, in the second doping ptocess, 

the high concentration impurity regions 1030 and 1031 are also doped, and high concentration 

impurity regions 1036 and 1037 are formed. 

Next. while the resist mask 1032b is kept as it is, the fourth etching process is conducted 

using an RIE etching device or the ICP etching device. Through the fourth etchingprocessJ a part 

of the tapered portion of the first conductive layer 1034b is removed. Hete, the first conductive 

layer 1034b having the first width (X2) becomes a first conductive layer 1034c with a fifth width 

(XS} (Fig. 26C). 

In this embodiment. the first conductive layer 1034c and the second conductive layer 

1033b formed thereon become a gate electrode. Note that. in the fourth etching process, the 

insulating film 1035b is also etched, and an insulating film 1035c is formed. Although an 

example, in which a part of the insulating fibn is removed to expose the high concentration 

impurity regions, is shown here, there is no limitation. The high concentration impurity regions 

may be covered with a thin insulating film. 

Thereafter, the resist mask 1032b is femoved, and activation of the impurity element 

added inro the semiconductor layer is performed. Then, after an interlayer insulating film 1041 

is formed, a contact hole is fotmed using a third mask. A conductive ~ is fonned, and then 

electrodes 1042 and 1043 are formed using a fourth mask • 
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As described above, a TFT with the structure shown in Fig. 26D can be fanned using 

four photo masks. 

Funber, the characteristic of the TFI' formed in accordance with this embodiment is that 

the low concentration impurity region 1039, which is provided between a channel fonningregion 

1040 and the drain region 1037, has almost no concentration diffet~ce and has a gentl~ 

concentt:ation gradient therein, and that the low concentration impurity region 1039 includes a 

region 1039a overlapping the gate electrode (1034c) (GOLD region) and a region 1039b not 

overlapping the gate electrode (IDD region). Funher, a peripheral portion of the insulating film 

103Sc, that is the upper portions of the region 1039b not overlapping the gate electrode and the 

high concentration impurity regions 1037 and 1036 have a tapered shape. 

[Embodiment 9] 

This embodiment will be explained with reference to Fig. 25C and Figs. 27 A to 270. 

Note that, this embodiment is same as Embodiment 8 up to the first doping process (Fig. 

2SC) and the figures are omitted. Further, the same reference symbols in Figs. 25A to 25C are 

used.here. 

First, the state of Fig. 2SC is obtained in accordance with Embodiment 7. 

Next, the second etching process is performed using the resist mask 1016a with the ICP 

etching device. The second conductive layer 1017a is etched in the second etching process to 

form a second conductive layer 1051 as shown in Fig. 27 A The second conductive layer. 1051 

has a second width (Y2). Note that, in the second etching process, the resist mask and the first 

conductive film are slightly etched, and a resist mask 1050 ana a first conducti\'e film 1052a are 

formed, respectively (Fig. Z1 A). Note that, a part of the first conductive ftlm has already been 

slightly etched in the first etching process, and therefore the part of the first conductive film 
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1052a is further made thinner. Furthert the portion of the first conductive film 1052a not 

overlapping the second conductive layer, which has not been etched, is made into a tapered 

shape. 

Next, while the resist mask 1050 is kept as it is, a second doping process is conducted. 

Jn the second doping process, through doping is perfonned through the tapered portion of the first 

conductive fibn 1052aand lhe insulating film 1013, and low concentration impurity regions 1053 

and 1054 are formed (Fig. 27B). Note that, in the second doping process, the high concentration 

impurity regions 1030 and 1031 are also doped, and high concentration impurity regions 1055 

and 1056 are formed. 

With such through doping, the doping amount into the semiconductor layer can be 

controlled at the desired value. 

Next, while the resist mask 1050 is kept as it is, a third etching process is performed 

using the RIE etching device or the ICP etching device. The thinned portion through the first 

etching process and a part of the tapered portion of the exposed first conductive film 1052a is 

removed through the third etching pl'OCeSS. Here, a first conductive laye1: 1052b wi~ a tapered 

portion and a third width (Y3) is formed with appropriately adjusting the etching conditions 

while taking the thickness of the fbst conductive film, the thickness of the insulating film and 

the like into consideration {Fig. 27C). 

In this embodimen~ tbe fust conductive layer 10S2b and the second conductive layer 

1051 formed thereon become a gate electrode. Note that, in the third etching process, the 

insulating film 1013 is also etche~ and an insulating film 1057 is fonned. 

Thereafter, the resist mask 1050 is temoved, and activation of the impurity element 

added into the semiconductor layer is performed. Then, after an interlayer insulating film 1059 
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is formed, a contact hole is fonned ~sing a third mask. After a conductive film is formed, 

electrodes 1060 and 1061 are formed using a fourth mask. 

As described above, a TFT having the structure shown in Fig. 27D can be fanned using 

four photo masks. 

Fw:ther, the characteristic of the TFr formed in accordance with the present invention 

is that tbe low concentration impurity region 1054, which is provided between a channel forming 

region 1058 and the drain region 1056, has almost no concentration difference and has a gentle 

concentration gradient therein, and that the low concentration impurity region 1056 includes a 

region 1054a overlapping the gate electrode (1052b) (GOLD region) and a region 1054b not 

overlapping the gate electrode (IDD region). 

(Embodiment 1~] 

In this embodiment, a method of simultaneously manufacturing a pixel portion and 1FIS 

(n-channel TFIS and p-chaonel TFI) of a driver circuit provided in the periphery of the pixel 

portion is explained in detail with reference to figs. 28A to 30. 

First, in this embodiment, a substrate 1100 is used, which is made from glass, suCh as 

barium borosilicate glass or aluminum borosilicate glass, represented by Coming #7059 glass and 

#1737 glass. Note that, there is no limitation on the substrate 1100, provided that the substrate 

has transmissivity, and a quartz substrate may also be used. A plastic substrate having heat 

resistance to a process temperature in this embodiment may also be used 
. . 

Then. a base film 1101 comprised of an insulating film such as a silicon oxide film, a 

silicon nitride film ~r a silicon nitride oxide film is formed. In this embodiment, a two-layer 

structure is used for the base film 1101. However, a single layer film or a lamination film of two 

or more layers of the insulating film may be used. As a first I.ayer of the base film 1101, a silicon 
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nitride oxide film 1101a is fonned with a thickness of 10 to 200 nm (preferably 50 to 100 nm} 

using SU1', NH,. and N20 as reaction gases by a plasma CVD method. In this embodiment, the 

silicon nitride oxide film llOla (composition ratio Si= 32%, 0 = 27%, N:; 24% and H = 17%) 

having a film thickness of 50 run is formed. Then, as a second layer of the base film 1101, a 

silicon nitride oxide film llOlb is fonnedso as to be laminated on the first layer with a thickness 

of 50 to 200 nm (preferably 100 to 150 nm) using Si~ and N20 as reaction gases by the plasma 

CVD met'1od. In this embodimen~ the silicon nitride oxide film llOlb (composition ratio Si o: 

32%, 0 = 59%, N = 7% and H = 2%) having a film thickness of 100 nm is fonned. 

Subsequently, semiconductor layers 1102 to 1105 are fonned on the base film. The 

semiconductor layers 1102 to 1105 are formed of a semiconductor fihn having an amoq>bous 

structure by a known method (such as a sputtering method, an LPCVD method or a plasma CVD 

method), and is subjected to a known crystallization process (such as a laser crystallization 

method, a thermal CtyStallization method, or a thermal crystallization method using a catalyst 

such as nick.el). The crystalline semiconductor film thus obtained is patterned into desired shapes 

to obtain the semiconductor layers. The semiconductor layers 1102 to 1105 are fonned into a 

thickness of 25 to 80 nm (preferably 30 to 60 nm). The material of the crysi.tlline semiconductor· 

film is not particularly limited, but it is preferable to form the film using silicon, a silicon 

germanium (Sl,;Ge1-« (O<X<1, typically X=0.0001 to O.OS)) alloy, or the like. In case of 

forming silicon gennanium, it may be fooned by a plasma CVD method using a gas mixture of 

silane and germanium, it may be formed by an ion injection method injecting germanium into 

a silicon film. or it may be formed by a sputtering method using a target formed of silicon 

germanium. In this embodiment. the plasma C~ method is ~ed, and after. a 55 nm thick ~ 

amorphous silicon film is formed, a solution containing nickel is held onto the am~rphous silicon 

film. Dehydrogenation of the amorphous silicon film is perfoimed (S00°C for one hour), and 
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thereafter a thermal crystallization process is performed (550°C for four hours) therero. Further, 

to improve the crystallinity, a laser annealing process is performed to fonn a crystalline silicon 

film. Then, this crystalline silicon film is subjected to a patterning process using a 

photolithograpby method, to obtain the semiconductor layers 1102 to 1105. 

Further. after the formation of the semiconductor layers 1102 to 1105, doping (also 

referred to as cbamiel doping) of a minute amount of impurity element (boron or phosphoros) 

may be performed in order to control a threshold value of the TFI'. 

Besides, in the case where the crystalline semiconductor film is manufactured by a laser 

crystallization method, a pulse oscillation type or a continuous emission type excimer laser, YAG 

laser, or YV04 laser may be used. In the case where those lasers are used, it is appropriate to use 

a method in which laser liglit radiated from a laser oscillator is condensed into a linear beam by 

an optical systCJll, and is irradiated to a semiconductor film. Although the conditions of the 

crystallization should be properly selected by an operator, in the case where the excimer laser is 

used, a pulse oscillation frequency is set to 30 Hz, and a laser energy density is set from 100 to 

400 mJ/cm.2 (typically 200 to 300 mJ/cm.2). In the case where the YAG laser is used, it is 

appropriate that the second harmonic is ~ed to set a pulse oscillation frequency from 1 to 10 

kHz, and a laser energy density is set from 300 to 600 mJ/cm2 (typically, 350 to 500 mJ/cm1
). 

Then, laser light condensed into a linear shape with a width of 100 to 1000 µm, for ex:ample., 400 

µmis irradiated to the whole SUiface of the substrate, and an overlapping ratio (overlap ratio) of 

the linear laser light at this time may be set from 80 to 98%. 

Next, a gate insulating film 1106 is formed for covering the semiconductor layers 1102 

to 1105. It is desirable t~ clean-the surface of the semiconductor layer ~efore the formation of 

the gate insulating film. The removal of contaminated impurities (typically, C, Na or the like) 

on the film surface may be conducted such that after the surface is cleaned with pure water 
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containing ozone, the film surface is slightly etched using an acid solution containing fluorine. 

As a method in which the fibn surface is slightly etched, it is an effective method, in which .the 

acid solution containing fluorine held on the film surface is scattered by spinning the substrate 

with a spinning device. As the acid solution containing fluorine, fluoric acid, hydrofluoric acid, 

ammonium fluoride, buffered fluoric acid (mixed solution of fluoric acid and ammonium 

fluoride), mixed solution of fluoric acid and hydrogen proxide, or the like may be used. After 

the cleaning, the gate insulating film 1107 is fO"CIDed of an· insulating film containing silicon by 

the plasma CVD method or the sputtering method with a film thiclmess of from 40 to 150 run, 

preferably 50 to 100 nm. In this embodiment, the gate insulating film 1107 is formed of a silicon 

nitride oxide film with a thickness of 110 nm by the plasma CVD method (composition ratio Si 

·· = 32%, 0 = 59%, N = 7%, and H :;; 2% ). Of course, the gate insulating fihn is not limited to the 

silicon nitride oxide film, and other insulating films containing silicon may be formed into a 

single layer or a lamination structure. 

Besides, when the silicon oxide film is usect it ~n be fonned by the plasma CVD 

method such that TEOS (tetraethyl orthosilicate) and Oi are mixed with a reaction pressure of 

40 Pa and at a substrate temperature of from 300 to 400°C, and discharged at a high frequency 

(13.56 MHZ) power density of O.S to 0.8 W /cm.2• The silicon oxide film thiis manufactured can 

have good characteristics as the gate .insulating film by subsequent thermal annealing at 400 to 

S00°C. 

Then, as shown in Fig. 28A, on the gate insulating fihu 1106, a first conductive film 

1107 and a second conductive film 1108 are laminated to have a film thickness of 20 to 100 nm 

and 100-to 400 nm. respectively. lt is preferable that the gate i~sulating film, the first conductive 

film and the second conductive film are fonne4 in succession without exposure to the atmosphere 

in order to preven[_ contamination. Further, in case the where those films are not formed in 
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succession, the contamination on the film surface can be prevented· if a film fonning device 

equipped with a washer is used. The cleaning method may be perfonned the same as that 

petfonned before the formation of the gate insulating film. In this embodiment, the fitst 

conductive film 1107 made of a TaN film wirh a film thickness of 30 nm and the second 

conductive film 1108 made of a W film with a film thickness of 370 nm are formed in 

succession. The TaN film is fonned by sputtering with a Ta target in a .nitrogen containing 

atmosphere. Besides, the W fihn is formed by the sputtering method with a W target. The W 

film may be formed by a thermal CVD method using tungsten hexafluoride (WF6). Whichever 

method is used, it is necessary to make the material have low resistance for use as the gate 

electrode, and it is preferred that the resistivity of the W film is set to 20 µ&m or less. By 

making the crystal grains large, it is possible to make the W film have lower resistivity. 

However, in the case where many impurity elements such as oxygen are contained within the W 

film, crystallization is inhibited and the resistance becomes higher. Therefore, in this 

embodiment, by forming the W film by sputtering using a target having a high purity (purity of 

99.9999% or 99.99%), and in addition. by taking sufficient consideration to prevent impurities 

within the gas phase from mixing therein during the film fonnation, a resistivity of from 9 to 20 

!Qcm can be realized. 

Note that, in this embodiment, although the first conductive film 1107 is made of TaN, 

and the second conductive film 1108 is made of W, the material is not P,articulady limited 

thereto, and both the films may be formed of an element selected from the group consisting of 

Ta, W, n. Mo, Al, Cu, Cr and Nd or an alloy material or a compound material containing the 

above elements as ·its main constituent. Besides, a semiconductor fihn typified by a 

polycrystalline silicon film doped with an impurity element such as phosphorus may be used. 

An AgPdCu alloy may be used. further, a combination of the first conducti~e film formed of a 
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tantalum (Ta) film and the second conductive film formed of a W film,-a combination of the first 

conductive film formed of a titanium nitride (TIN) film and the second conductive film formed 

of a W film, a combination of the first conductive film fonned of a tantalum nitride (TaN) film 

and the second conductive film fonned of an Al film, and a combination of the first conductive 

film formed of a tantalum nitride (TaN) film and the second conductive film funned of a Cu film 

may be adopted. 

Next, masks 1109 to 1112 made from resist are fanned using a photolithography 

method, and a rust etching process is perfonned in order to fonn electrodes and wirings. This 

first etching process is perfonned with the first and second etching conditions. In this 

embodiment, as the thst etching conditions, an ICP (inductively coupled plasma) etching method 
. . 

is used, a gas mixture of CF,, Oz and 0 2 is used as an etching gas, the gas flow rate is set to 

25/25/10 seem. and a plasma is generated by applying a SOO W RF power (13.56 MHZ) to a coil 

shape electrode at 1 Pa. A dry etching device with ICP (Model E645..[]ICP) manufactured by 

Matsushita Electric Industrial Co., 11.d. is used here. A 150 W RF power (13.56 MHZ) is also 

applied to the $Ubstrate side (test piece stage), e:ffecl:i""\lely applying a uegative self-bias voltage. 

The w 'film is etched with the first etching conditions, and the end portion of the seeond 

c:Onductive layer is formed into a tapered shape. In the first etching conditions, the etching rate 

for W is 200.39 nm/min, the etching rate for TaN is 80.3Z nm/min, and the selectivity of W to 

Tu.N is about 2.S. Further, the taper angle of Wis about 26° in accordance with the first etching 

conditions. Note that, etcbing with the first etching conditions corresponds to the first etching 

process (Fig. 23B) described in Embodiment 7. 

Thereafter, the (mt etching coriditions are changed to the second etching conditions 

without removing the masks 1109 to. 1112 .made of resist, a gas mixture of CF, and Cla is used 

as an etching gas, tb.e gas flow rate is set to 30130 seem, and a plasma is generated by applying 
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a 500 W RF power (13.56 MHZ} to a coil shape electrode at 1 Pa. thereby perfonning etching 

for about 30 seconds. A 20 W RF power (13.56 MHZ) is also applied to the substrate side (test 

piece stage), effectively applying a negative self-bias voltage. The W film and the TaN film afe 

both etched on the same order with the second etching conditions in which CF4 and Cl3 are 

mixed. In the second etching conditions, the etching rate for Wis 58.97 nm/min, and the etching 

rate for TaN is 66.43 nm/min. Note that, the etching time may be increased by approximately 

10 to 20% in order to perform etching without any residue on the gate insulating film. In 

addition. etching with the second etching conditions corresponds to the second etching process 

(Fig. 23C) described in Embodiment 7. 

In the first etching process, the end portions of the first and second conductive layets are 

formed to have a tapered shape due to the effect of the bias voltage applied to the substrate side 

by adopting a suitable shape of the masks formed from resist (Fig. 28B). The angle of the tapered 

ponions may be set to 15 to 45°. Thus, first shape conductive layers 1113 to 1116 (first 

conductive layers 1113a to 1116a and second conductive layers 1113b to 1116b) constituted of 

the first conductive layers and the second cond~ctive layers are fonned by the first etching 

process. The width of the first conductive layers in a channel length direction corresponds to W 1 • 

shown in Embodiment 7. Reference numeral 1117 indicates a gate insulating film, and regions 

of the gate insulating fi1m not covered by the first shape conductive layers 1113 to 1116 are made 

thinner by etching approximately 20 to SO nm. 

Thereafter, a second etching process is performed without removing the masks made of 

resist. A gas mixture of CF et Cl2 and O:z is used as an etching gas, the gas flow rate is set to 

25125/10 seem, and~ plasma is generated by applying a SOO W RF power (13.56 MHZ) to a coil • 

shape electrode at 1 Pa, thereby performing etching. A 20 W RF power (13.56 MHZ) is also 

applied to the substrate side (test piece stage), effectively applying a negative self-bias voltage. 
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In the second etching process, the etching rate for Wis 124.62 nm/min, the etching rate for TaN 

is 20.67 nm/min, and the selectivity of W to TaN is 6.05. Accordingly, the W film is selectively 

etched The taper angle of W is 70° by the second etching process. Second conductive layers 

1122b to 1125b are formed by the second etching process. On the other hand, the first 

conducti'\re layers lll3a to 1116a are hardly etched, and fi{St conductive layers 1122a to 1125a 
- . 

are formed. Note that, the second etching process here corresponds to the third etching process 

described in Embodiment 7 (Fig. 230). Further, the width of the second conductive layers in the 

channel length direction corresponds to W2 shown in Embodiment 7. 

Then, a first doping process is performed to add an impurity element for imparting an 

n-type conductivity to the semiconductot layer w~thout removing the masks made of resist (Fig. 

28C). Doping may be carried out by an ion doping method or an ion injecting method. The 

condition of the ion doping method is that a dosage is 1 :x 1013 to 5 x 1015 atoms/cm2
, and an 

. . 
acceleration voltage is 60 to 100 keV. In this embodiment, the dosage is 15 x 1ois atoms/cm2 

and the acceleration voltage is 80 keV. As the impurity element for imparting the n-lype 

conductivity, an element belonging to group 15 of the periodic table, typically phosphorus (P) 

or arsenic (As) is used, but phosphorus (P) is used here. In this case, the conductive layers 1113 

to 1116 bec0me masks to the impurity element to impart the n-type conductivity, and high 

concentration impurity regions 1118to1121 are formed in a self-aligning manner. The impurity 

element to impart the n-type conductivity in the concentration range of 1 x 1021> to 1 x l<l21 

atoms/cm3 is added to the high concentration impurity regions 1118 to 1121. Note that, the first 

doping process here oorresponds to the first doping process {Fig. 24A) described in Embodiment 

7. 

Next, a second doping process is performed and the state of Fig. 28D is obtained. 

Second conductive layers 1122b to 1125b are used as masks to an impurity element, and doping 
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is perfonned such that the impurity element is added to the semiconductor layer below the 

tapered portions of the first conductive layers. Jn this embodiment, phosphorus (P) is used as the 

impurity element. and plasma doping is performed with the dosage of 3.5 x 1012 atoms/cm2 and 

the acceleration voltage of 90 keV. Thus, low concentration impurity regions 1126 to 1129, 

which ovetlap with the first c~ductive layers, are formed ~--a __ seif-3:1igning manner. The 

concentration of phosphorus (P) added to the low concentration impurity regions 1126 to 1129 

is 1 x 1017 to 1 x 1018 atoms/cm3
, and has a gentle concentration gradient in accordance with the 

film thiclcn.ess of the tapered portions of the first conductive layers. Note that. in the 

semiconductor layer that overlaps with the tapered portions of the first conductive layers, the 

concentration of impurity element slightly falls from the end portions of the tapered portions of 

the first conductive layers toward the inner portions, but the concentration keeps almost the same 

level. Further, an impurity element is added to the high concentration impurity .regions 1118 to 

1121 to form high concentration impurity regions 1130 to 1133.. Note that, the second doping 

process here corresponds. to the second doping process (Fig. 24B) described in 

Note that, in Embodiment 7, although the high ~ocentration impurity regions are 

formed in the first doping process and the low concentration 'impurity regions are formed in the 

second doping process, there is no limitadon. The low concentration impurity regions may be 

fonned in the first doping process and the high concentration impurity regions may be fanned 

in the second doping process. Further, the high concentration impurity regions and the low 

concentration .impurity regions may be fonned in one doping process by appropriately adjusting 

the thicknesses of the insulating film and the first conductive layer, the doping conditions or the 

like. 

Thereafter, a third etching process is performed without removing the masks made of 

resist. The tapered portions of the first conductive layers are partially etched to thereby reduce 
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the regions that overlap with the semiconductor layer in the third etchiitg process. Here, CHF
3 

is used as an etching gas, and a reactive ion etching method (RIB method) is used. In this 

embodiment, the third etching process is performed with the chamber pressure of 6. 7 Pa, the RF 

power of 800 W. the CHF3 gas flow rate of 35 seem. Thus, first conductive layers 1138 to 1141 

are fonned (Fig. 29A). Note that, the third etching process here correspon~ to theJourth etching 

process (Fig. 24C) described in Embodiment 7. Further, the width of the first conductive layers 

in the channel length direction corresponds ro W3 shown in Embodiment 7. 

Jn the third etching process, the insulating film 1117 is etched at the same time, a pan 

of the high concentration impurity regions 1130 to 1133 is exposed, and insulating films 1143a 

to 1143d and 1144 are funned. Note that, in this embodiment, the etching condition that exposes 

the part of the high concentration impurity regions 1130 to 1133 is used, but it is possible that 

a thin layer of rite insulating film is left in the high ooncentration impurity regions if the thickness 

of the Jnsuladng film or the etChing condition is changed. 

Through the third etching process, impurity regions (LDD regions) 1134a to 1137a are 

formed, which do not overlap with the first conductive layers 1138 to 1141. Note th~t, impurity 

regions (GOLD ~gions) 1134b to 1137b remain overlapped with the first conductive layers 1138 

to 1141. 

_ The electrode formed by the first conductive layer 1138 and the second conductive layer 

1122b becomes a gate electrode of an o-channel TFT of a driver circuit to be fonned in the later 

process. The electrode fonned by the first conductiile layer 1139 and the second conductive layer 

1123b becomes a gate electrode of a p-ch8111lel TFT of the driver circuit to be formed in the later 

process. Similatly, the electrode fotmed by the first conductive layer 1140 and the second 

conductive layer 1124b becomes a gate electrode of an n-channel TFr of a pixel portion to be 

formed in the later process, md the electrode formed by the first conductive layer 1141 and the 
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second conductive layer 1125b becomes one of the gate electrodes of a: storage capacitor of the 

pixel portion to be fanned in the later process. 

By doing so, in this embodiment, the difference between the impurity concentration in 

the impurity regions (GOLD regions) l134b to 1137b that overlap with the first condu~tive layers 

1138 to 1141 and the impurity·~ncenttation in the impurity ~~~ns (LDD regions) 1134a to 

1137a that do not overlap with the first conductive layeu 1138 to 1141 can be made small. 

thereby improviug the TFT characteristics. 

Next, the masks formed from resist are removed, masks 1145 and 1146 are newly 

formed from resist~ and a third doping process is performed. In accordance with the third doping 

process, ~purity regions 1147 to 1152 are foimed,, in which the impurity element imparting a 

conductivity (p-type) opposite to the one conductivity (n-type) is added to the semiconductor 

layer that becomes an active layer of the p..channel TFT (Fig. 29B), The first conductive layers 

1139 and 1141 are used as masks to the impurity element, and the impurity element that imparts 

the p-type conductivity is added, to thereby form impurity regions in a self-aligning manner. In 

this embodiment, the impurity regions 1147 to 1152 are fonned by an ion doping method using 
. . . 

diborane (BzHJ. Note that, in the third doping process, the semiconductor layet forming the n-

channel TFI' is covered with rhe masks 1145 and 1146 formed from resist. Although phosphorus 

is added to the impurity regions 1145 and 1146 at different concentrations in accordance with rhe 

first and second doping processe~ the doping process is pelfonned such that the concentration 

of the impurity element imparting p-type conductivity is in the range of 2 x lO;iu to 2 x la21 

atoms/cm3 in any of the impurity regions. Thus, the impurity regions function as the source 
. . 

region and the drain region of the p-channel TFT so that no problem occars. In this embodiment. 
' . 

a part of the semiconductor layer that becomes an active layer of the p-channel TFf is exposed 

by the third etching process, and thus there is an advantage that an impurity element (boron) is 
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easily added. 

In accordance with the above-described processes. the desired impurity regions are 

formed in the respective semiconductor layers. 

NeJtt, the masks 1145 and 1146 made of resist are removed, and a first interlayer 

insulating film (a) 11S3a is fanned. The fust interlayer insulating film (a) 1153a is fonned of 
. -

an insulating film containing silicon with a thickness of SO to 100 nm by the plasma CVD 

method or the sputtering method. In this embodiment, a 50 nm thick silicon nitride oxide film 

is formed by the plasma CVD method. Of course, the first interlayer insulating film (a) 1153a 

is not limited to the silicon nitride oxide film. and other insulating film containing silicon may 

be formed into a single layer or a lamination structure. 
~·­. 

Then, a step of activating the impurity elements added in the respective semiconductor 

layers is performed (Fig. 29C). This activation process is carried out by a rhermal annealing 

method using an annealing furnace. The thermal annealing method may be perfonned in a 

nitrogen atmosphere having an oxygen concentration of 1 ppm or less. preferably 0.1 ppm or less 

and at 400 to 700°C, typically 500 to 550°C. In this embodiment, an activation process with a 

heat treatment at 550°C for 4 hours is canied out. Note that, other than the thermal annealing 

method, a laser annealing meth~ or a rapid thermal annealing method (RTA method) can be 

applied thereto. 

Note that, in this embodiment, at the same time as the activation process, nickel used 

as the catalyst for ccystallization is gettered to the impurity regions (1130, 1132, 1147 and 1150) 

containing phosphorous at a high concentration. As a result, mainly nickel con~entration of the 

semicondudor layer ·that becomes a channel fonping region is lowered. The TFr having a 

channel forming region thus formed is decreased in off current value, and has high electric field 

effect mobility because of good crystallinity, thereby attaining satisfactory characteristics. 
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Further, an activation process may be performed· before the fonnation of the first 

interlayer insulating film. However, in the case where the used wiring material is weak against 

hea4 it is preferable that the activation process is performed after an interlayer insulating film (an 

insulating film containing silicon as its main constituent, for example, silicon nitride film) is 

formed in order to protect the wiring or the like as in this embodiment. 

Moreover, a laser annealing method may be perl"omied as the activation process. and 

laser ligh~ of an excimer laser, a YAO laser or the like may be irradiated • 

Next, a first interlayer insulating film (b) US3b is formed. The first interlayer insulating 

film (b) 1153b is formed of an insulating film containing silicon with a thickness of 50 to 200 

nm by the plasma CVD method or the sputtering method. Io this embodiment, a 100 rim thick 

silicon nitride film is formed by the plasma CVD method, Of course, the first interlayer 

insulating film (b) 1153b is not limited to the silicon nitride filin. and other insulating films 

· containing silicon may be fomied into a single layer or a lamination structure. 

Nex:t, heat treatment is performed for 1 to 12 hours at 300 to SSO" C in an inert 

atmosphere to perform hydrogenation of the semiconductor layer. The hydrogenation is 

preferably perlbaned at a lower temperature than the heat treatment temperature in the activation 

process ( 400 to 500" C) (Fig. 290). Jn this embodiment. a thermal processing is performed for 

one hour at 410 "Cina nitrogen atmosphere. This process is a step for terminating dangling 

bonds in the semiconductor layer by hydrogen contained in the interlayer insulating film. 

Hydrogenation by thermal processing for 1 to 12 hours at 300 to 550 ° C in an atmosphere 

containing 3 to 100 % of hydrogen or plasma hydrogenation (using hydrogen excited by plasma) 

may be performed a8 oth:et means of hydrogenation. 

Further, thermal activation (typically in a nitrogen atmosphere at 500 to 550 • C) is 

performed after the resist masks 1145 and 1146 made of resist are removed, and then 
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hydrogenation (in a nitrogen atmosphere at 300 to 500 • C) may be performed aftet fonning the 

first interlayer insulating film (typically, a silicon nitride film with a thickness of 100 to 200 nm) 

made of an insulating film containing silicon. 

Next, a second interlayer insulating film 1154 made of an organic insulating material 

is formed on the first interlayer insulating film (b) 1153b. In this embodiment, an acrylic resin 

film with a thickness of 1.6 ;tm is formed. 

Next, a transparent conductive film with a thickness of 80 to 120 nm is formed on the 

second interlayer insulating film 1154, and a pixel electrode 1162 is funned by patterning • For 

the transparent conductive film. an alloy of indium o:idde and zinc oxide (In20 3·Zn0) and zinc 

oxide (ZnO) arc suitable materials. and further zinc oxide added with gallium (Ga) (ZnO : Ga) 

may be preferably used to increase the transmittivity or conductivity of visible light. 

Note that, here, an example of using a transparent conductive film as a pixel·electrode 

is shown, but if a conductive material having reflectivity is used to fotm a pixel electrode, a 

reflection type display device may be fonned. 

Then, patterning is performed fOi forming the contact holes reaching the respective 

impurity regions 1130, 1132, 1147, and 1150. 

In a driver circuit 1205, electrodes 1155 to 11S8 to which the impurity ·regions 1130 and 

1147, are respectively electrically connected, are formed. Note that, the electrodes are formed 

by patterning the lamina~ film of an film with a thickness of 50 nm and an alloy film with 

a thickness of 500 nm (an alloy film of Al and TI). 

ln a pixel portion 1206, a connection electrode 1160 contacting the impurity region 1132 

or a source clectrode.1159 is fonned, and a connection elect~de 1161 contacting the impurity 

region 1150 is fonned. Note that, the connection electrode 1160 fonns an electrical connection 

to a drain region of a pixel TFT by being fonned contacting and overlapping the pixel electrode 
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1162. Funher, the connedion electrode 1160 is electrically connected to the semiconductor layer 

(impurity region 1150) which functions as one of the electrodes forming the storage capacitol' 

(Fig. 30). 

Jn the manner as described above, the driver circuit 1205 including an n-channel TFr 

1201 and a p-channel TFr 120~ the pixel portion 1206 including a pixel TFf 1203 and a storage 
- . 

capacitor 1204 may be formed on the same substrate. In this specification, such a substrate is 

called an active matrix substrate for convenience. 

The n-channel TFr 1201 of the driver circuit 1205 includes a channel forming region 

1163, a low concentration impurity region 1134b (GOLD region) overlapping with the first 

conductive layer 1138 partially fOrrning the gate electrode, a low concentration impurity region 

1134a (IDD region) fOilJled outside the gate electrode, and a high concentration impurity region 

1130 functioning as a source region or a drain region. Also, the p-channel TFT 1202 includes 

a channel forming region 1164, an hnpurity region 1149 o-verlapping with the fust conductive 

layer 1139 partially forming the gate electrode, the impurity region 1148 fonned outside the gate 

electrode, and the impurity region 1147 functioning as a source region or a drain re~on. 

The pixel TFI' 203 of the pixel portion 1206 includes a channel forming region 1165, 

a low concentration impurity region 1136b (GOLD region) overlapping with the first conductive 

layer 1140 forming the gate electrode, an impurity l"egion 1136a (!DD region) fomied outside 

the gate electrode, and the high ooncentration impurity region 1132 functioning as a source region 

or a drain region. Besides, impurity elements imparting p-type conductivity are added to the 

respective semiconductor layers 1150 to 1152 functioning as one of the electrodes of the storage 

capacitor 1204. The.storage capacitor 1204 is formed by the electrodes 1125, 1142 and the 

scmioonductor layers 1150 10 1152, and 1166, using the insulating fihn 1144 as a dielectric 

material. 

89 



Further, iu accordance with the process steps of this embodiment, the number of 

photomasks necessary for manufacturing rhe active matrix substrate may be made as six. AJ; a 

result the number of processes may be reduced, to thereby reduce the manufacturing cost and 

improve the yield. 

[Embodiment 11] 

In this embodiment, rhe process of forming an active matrix liquid crystal display device 

from the active matrix substrate manufactured in Embodiment 10 is described below with 

reference to Fig. 31. 

In accordance with Embodiment 7, after obtaining the active matrix substrate in the state 

as shown in Fig. 30, an orientation film 1167 is formed on the active matrix substrate in Fig. 30 

and a rubbing process is performed. Note that, in this embOdiment, before forming the 

orientation film 1167, a columnar spacer is fonned in a desired position for maintaining a gap 

between the substrates by patterning an organic resin film of an acrylic resin film or the like. 

Further, in place of the columnar spacer, a spherical spacer may be scattered over the entire 

substrate. 

Subsequently, an opposing substrate 1168 is prepared. In the opposing substrate, a color 

filter with a colored layer 1174, a light shielding layer 1175 arranged corresponding to each pixel 

is provided. Further, a light shielding layer 1177 is provided in the driver circuit portion. A 

· leveling film 1176 for covering the colot filter and the light shielding portion 1177 is formed. 

Next, an opposing electrode 1169 made of a transparent conductive film is formed in the pixel 

portion on the leveling film 1176, and an orientation film 1170 is fonned on rhe entire surface . . . 
of the opposing substrate "to perform the rubbing process. 

Then, the active matrix substrate on which the pixel portion and the driver circuit are 
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formed and the opposing substrate are stuck together by a sealing member 1171. A filler is 

mixed inro the sealing agent 1171, and two substrates are stuck together by this filler and a 

columnar spacer while keeping a uniform gap. Thereafter, a liquid crystal material 1173 is 

injected between both the substrates, and is completely encapsulated by an encapsulant (not 

shown). Alcnown liquid crystal material maybe used as the liquidczystal material 1173. In this 
- . 

manner, the active matrix liquid crystal displa)' device shown in Fig. 31 is completed. If 

necessary, the active matrix substrate or the opposing substrate may be parted. into a desired 

shape. Further, a polarizing plate or the like is provided by using a known technique. An FPC 

is adhered using a known technique. 

The liquid crystal display panel manufactured in this way may be used as a display 

portion of various electronic equipments. 

[Embodiment 12] 

In this embodiment, a manufacturing method of an active matrix substrate having a 

structure different to that in Embodiment 10 is described using Fig. 32 In Embodiment 10, a 
. . 

transmission type display device is formed, but this embodiment, is featured in that a reflection 

type display device is formed to reduce the numbet of masks as compared to Embodiment 10. 

Note that, the process through the formation of the second interlayer insulating film 

1154 is the same as Embodiment 10, and therefore the description thereof will be omitted. 

In accordance with Embodiment 10, after the second interlayer insulating film 1154 is 

formed, patterning is performed to form the contact holes reaching respective impurity regions. . . 

Then, in the dflver circuit, as in Em.bodim~t 10, a part of the semiconductor layer (a -· 

high concentration impurity region) and electrodes respectively electrically connected thereto are 

formed. Note that, these electrodes are formed by patterning the lamination film of a Ti film with 
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a thickness of 50 nm and an alloy film with a thickness of 500 nm (an Al and Ti alloy film). 

In a pixel portion. a pixel electrode 1302 contacting a high concentration impurity region 

1300, or a source electrode 1303 contacting a high concentration impurity region 1301 is formed. 

Note that, the pixel electrode 1302 forms an electrical connection to the high concentration 

impurity region 1300 of a pixel 1'FT, and further forms an electrical connection to a 

semiconductor layer functioning as one of the electrodes foaning the storage capacitor (high 

concentration impurity region 1304) (Fig. 32). 

Note that, as a material for the pixel electrode 1302, a film with Al or Ag as the main 

component, or a material with an excellent reflectivity such as lamination films of the above 

components is preferably used. 

Further, according to the processes shown in tltis embodiment, the nwnber of 

photomasks necessary for manufacturlng the active matrix substrate may be five. As a result. the 

number of processes may be reduced, to thereby reduce the manufacturing cost and improve the 

yield. 

Further, after the pixel electrodes are fonned, it is preferable that the process of a known 

method such as sandblasting or etching is supplemented to make the surface uneven to prevent 

the reflection on the miiror surface. and the reflected light is scattered in order to increase the 

whiteness. Further, unevenness may be formed on the insulating film before forming the pixel 

eled:rodes, and the pixel electrodes may be formed thereon. 

(Embodiment 13] 

Jn this embOdiment, the process of foaning areftection type liq~d aystal display device 

from the active matrix substrate formed in Embodiment 12 is described below with reference to 

Fig. 33. 
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First, according to Embodiment 12, after obtaining the active matrix substrate in the 

state as shown in Fig. 32, an orientation film is formed on the active matrix substrate of Fig. 32 

on at least the pixel electrode, and a rubbing process is thus performed. Note that, in this 

embodiment before fonning the orientation film, an organic resin film such as an acrylic resin 

film is patterned to fonn a columnar spacer (not shown) for maintaining the gap between the 

substrates in the desired position. Further, in place of the columnar spacer, a spherical spa<:er 

may be scattered on the entire surface of the substrate. 

Next, an opposing substrate 1404 is prepared. On the opposing substrate is provided a 

color filter with a colored layer and a light shielding layer arranged corresponding to each pixel. 

Next, a leveling film is formed covering the color filter. 

Next, an opposing electrode formed of a transparent conductive film on the leveling film 

is fanned at least in the pixel port~ an orientation film is formed on the entire surface of i:he 

opposing substrate and a rubbing process is performed. 

Then, an active matrix. substrate 1403 fonned with a pixel portion 1401 and a driver 

circuit 1402, and an opposing substrate 1404 are stuck together with a sealing member 1406. The 

sealing material 1406 is mixed with a filler, and the two substrates aR: stuck together while 

keeping a unifonn gap by the effect of this filler and the columnar spacer. Thereafter, a liquid 

ccystal material 1405 is injected between both the substrates to encapsulate the substrates 

completely by an encapsulant. A known liquid crystal material may be used for the liquid crystal 

material 1405. Note that, this embodiment is a reflection type liquid crystal display device, so 

that the gap between both ~e substrates is about half that shown in Embodiment 11. 

Accordingly, the reflection type liquid crystal display devi~ is completed. If necessary, the 

active matrix substrate or the opposing substrate is parted into a desired shape. Further, a 

polarizing plate 1407 is adhered to just the opposing substrate. Tb.en, an FPC is attached using 

93 



a known technique. 

The reflection type liquid crystal display panel manufactured in this way may be used 

as a display portion of the \rarious electrical equipments. 

Further, with just the liquid crystal display panel, there occurs a problem in visibility in 

a case where it is used in a dark place. Therefore, a structure having a light source, a reflector 

and a light conducting plate as shown in Fig. 33, is preferable. 

As a light source, a single or a plurality of LEDs or cold-cathode tubes may be used. 

The light source shown in Fig. 33 is arranged along the side surface of the light conducting plate 

and provided with a reflector behind the light source. 

When, the light :irradiated from the ligbtsource efficiently enters the inside from the side 

surface of the light conducting plate by the reflector, the light is reflected by a special prism 

processed surface provided on the surface to enter the liquid crystal display panel. 

In this way, by combining the liquid crystal display panel, the light source and the light 

conducting plate, the light usage efficiency may be improved. 

[Embodiment 14] 

In rbis embodiment, an example of a manufacturing method different from that of 

Embodiment 10 is shown. Note that, this embodiment only differs from Embodiment 10 in the 

process until thefonnation of the semiconductor layers 1102to1105, and the processes thereafter 
.· 

are the same as in Embodiment 10, and therefore the description is omitted. 

First, a substrate is prepared as in Embodiment 10. In a case a transmission type display 

- device is manufactured, a glass substrate, a quart2: substrat~ or the like may be used as the 

substrate. Further, a plastic substrate having a heat resistivity that may resist the treatment 

temperatute may be used. Further in the case that a reflection type liquid crystal display device 
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is manufactured, in addition, a ·ceramic substrate, a silicon substrate, a metal substrate, or a 

stainless substrate with an insulating film on the surface may be used. 

Next, a base film made of an insulating film such as a silicon oxide film, a silicon nitride 

film or a silicon nitride oxide film is formed on the substrate. In this embodiment, a cwo layer 

structure _!s used for the base film, but a structure with a single layer film or lamination of two 

or more layers of the insulating film may be used. In this embodiment, a first layer and a second 

layer of the base film are formed usfrlg a plasma CVD met~od to continuously form the films in 

the first film forming chamber. As the first layer of the base film, a silicon ni1ride oxide film is 

fonned with a thickness of 10 to 200 nm (preferably SO to 100 nm) by a plasma CVD method 

with Siff., NH3 and N20 as reaction gases. In this embodiment, a silicon nhride oxide film 

(composition :3Uo Si;.;32%, 0.-:027%, N:::24%, H=17%) with a thickness of 50 nm is fanned. 

Then. as the second layer of the base film, a silicon nitride oxide film formed by a plasma CVD 

method with Si~ and N20 as reaction gases is laminated with a thickness of 50 to 200 run 

(preferably 100 to 150 nm). In this embodiment, a: silicon nitride oxide film (composition ratio 

Si=32%, 0=59%, N=7%, H=2%) with a thickness of 100 nm is fanned. 

Next, an amorphous semiconductor film is formed on the base film in the second film 

forming chamber. An amorpho•Js semiconductor film is formed with a thickness of 30 to 60 nm. 

there is no limitation on a material of an amorphous semiconductor film, but preferably it is 

formed of silicon or a silicon gennanium alloy. In this embodiment, an amorphous silicon film 

is fonned using Silf.t gas by a plasma CVD method. 

Further, since the base film and the amorphous semiconductor film may be formed with 

the same film forming method, the base film and the amorphous semiconductor film may be 

formed continuously. 

Next, Ni is added to the amorphous silicon film in the third film forming chamber. An 
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electrode containing Ni &S a material is attached by a plasma CVD method, argon gas is 

introduced into the third film forming chamber to generate plasma, and Ni is added. Of course, 

a very thin film of Ni may be fanned by using an evaporation method or a sputtering method. 

Next, a protective film is formed in the fourth fi~ forming chamber. As the protecting 

film_._a silicon oxide film, a silicon.~_i!~de oxide film, or the like may be used. In performing 

dehydrogenation at a later stage, a compact layer such as a silicon nitride should not be used since 

hydrogen.does not leave easily. In this embodiment, TEOS (tetrathyl onhosilicate) and 0 2 are 

mixed, to form a silicon oxide film with a thickness of 100 to 150 nm. This embodiment is 

featured in that a continuous processing may be performed without exposure to the clean room 

atmosphere up to the formation of the siiicon oxide film as the protecting film. 

Further, any known forming methods such as a plasma CVD method, a thermal CVD 

method, a decompression CVD method. an evaporation method and a sputtering method may be 

used as to the film formed in each film fonnation chamber. 

Next, dehydrogenation of an amorphous silicon film (500 ° C, one hour) is perfonned, 

and thermal crystallization is performed (550 ° C, four hours). Note that, the method is not 

limited to adding a catalyst element such as Ni as shown in chis embodiment, and thermal· 

crystallizatiOn may be performed by known methods. 

Then, in order to control the threshold (Vth) of the n-channel lFI", an impurity element 

imparting a p-t}tpe conductivity is added. Elements of group 13 of the periodic table such as 

boron (B), aluminum (AlJ and. gailium (Ga) are known as impurity elements imparting a p-type 

conductivity to the semiconductor. In this embodiment, boron (B) is added. 

After adding boron, a silicon oxide film which is a protecting film is removed with an • 

etching solution such as fl.uoric acid. Next, a continuous processing of washing and laser 

annealing is performed. By performing laser annealing processing after adding boron (B) which 
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·---------------------

is an impurity element imparting a p-type conductivity to the amorphous semiconductor film, 

boron becomes a part of crystal structure of a crystalline semiconductor film when crystallization 

occurs, whereby damage to the crystal structure which occurs with the conventional technique, 

may be prevented. 

Here, by using purified water containing ozone and an acid solution including fluorine, 

the very thin oxide film to be fonned in washing with purified water containing ozone, and 

contaminated impurity stuck to the film ~urface may be removed. ~a manufacturing method 

of purified water containing ozone, there is a method of electrolysis of purified water or a method 

of melting ozone gas directly into the purified water. Further, the concentration of ozone is 

preferably set at 6mg/L or more. Note that, the number of rotations and time conditions of a spin 

device, may be appropriately found according to a substrate area, a material of a film and the like. 

As a laser annealing method, a method of linearly condensing laser light radiared from 

a laser oscillator with an optical system and irradiating the linear laser light [0 the semiconductor 

film may be used. The conditions of crystallization by laser annealing may be appropriately 

selected by the operator. 

The crystalline semiconductor film thus obtained is patterned into a desired shape to 

form island-like semiconductor films 102 to 105. 

As to the subsequent processes. the liquid crystal display panel shown in Fig. 31 can be 

formed in accordance with Embodiment 10. 

Note that this embodiment may be implemented in combination with any one of 

Embodiments 10 to 13. 

According to the present invention, a width of the low concentration impurity region 

(GOLD regio.u) ·wlrich is overlapped with the gate electrode and a width of the low concentration 

impurity region (LDD region) which is not overlapped with the gate electrode can be freely 
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controlled. Ahso, the ccmcenliation difference between the GOLD region and the WD region 

in the TFr fanned in accordance with the present invention is hardly produced. Thus, in the 

GOLD region overlapped with the gate electrode, a relaxation of electric field concentration is 

achieved and then a hot carrier injection can be prevented. Also, in the LDD region which is not 

overlapped with the gate elec~~de, an increase of the off-current value can be suppressed. 

98 



I If lllll llllll lllll lllll II llll 
C L M S * 

What is claimed· is: 

1. A semiconductor device comprising a semiconductor layer formed on an insulating 

surface, an insulating film formed on said se~iconductor layer, and a gate electrode formed on 

said insulating film, 

wherein said gate. el.ectrode has a lamination structure in which a first 

conductive layer with a first width is a lower layer and a second conductive layer with a second 

width narrower than said first width is an upper layer, and 

wherein said semiconductor layer has a channel forming region which is 

overlapped with said second conductive iayer, a pair of low concentration impurity regions which 

is panially overlapped with said first conductive layer, and a source region and a drain region 

which are comprised of high conce!ltration impurity regions. 

2. A semiconductor device according to claim 1, wherein said pair of low concentration 

impurity regions are located between said channel funning region and said source ~egion and 

between said c!1am1el forming region and said drain region. 

3. A semiconductor device according to cla~ l, wherein an end portion of said first 

conductive layer has a taper shape. 

4. A semiconductor device according tO claim 1 , wherein an end ponion of said first 

conductive la)''"!'{ i! located b~tween said chan.11el forming region and said source region or 

between said channel fanning region and said drain region, through said insulating film. 

99 



I 1111111111111 11111 1111111 1111 
* C L M S * 

5. A semiconductor device according to claim l, wherein a film thickness of a region 

of said insulating film which is overlapped with said pair of low concentration impurity regions 

becomes thinner as a distance frorn the channel region is larger. 

6. A semiconductor device according to claim 1 wherein said semiconductor device is 

a liquid crystal display device. 

7. A semiconductor device according to claim 1 wherein the semiconductor device is 

an electro luminescence display device. 

8. A semiconductor device according to claim 1 wherein said semiconductor device is 

one selected from the group consisting of a video camera, a digital. camera, a projector, a goggle 

type display, a car navigation system, a personal computer, a portable information terminal, a 

digital video disk player, and an electronic game device. 

9. A method of manufacturing a semiconductor device comprising steps of: 

forming a semiconductor layer on an insulating surface; 

fanning an insulating film on said semiconductor layer; 

forming a frrst electrode comprising a laminate structure of a first conductive 

layer with a first width and a second conductive layer on said insulating film; 

adding an impurity element to said semiconductor layer using said first 

electrode as a mask to form a high concentration impurity region; 

etching said second conductive layer to form a second electrode comprising 

a laminate structure of the first conductive layer with said first width and said second conductive 
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layer with a second width; 

adding the impurity element to said semiconductor layer using said second 

conductive layer as a mask :o form a low concentration impurity region; and 

etching said first conductive layer to fonn a third electrode comprising a 

laminate struct~!~-of said first conductive layer with a third width and said second conductive 

layer with said second width. 

10. A manufaeturing method according to claim 9, wherein said second w~dth is 

narrower than sa~d firsi width. 

11. A manufacturing method according to claim 9, wherein said third width is narrower 

than said first width and wider than said second width. 

12. A manufacturing method according to claim 9, wherein said impurity element is an 

impurity element for imp.ming one of a n-type conductivity and a p-type conductivity to said 

semiconductor layer. 

13. A manufacturing method _according to claim 9, wherein a taper angle in an end 

portion of said first conductive layer is larger than that in an end portion of said second 

conductive layer in said first electrode. 

14. A manufacturing method according to .claim 9, wherein a taper angle in an end 

portion of said first conduetive layer is smaller than that in an end portion of said second 

conductive layer in said second elet.1rode. 
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15. A manufacturing method according to claim 9. wherein a taper angle of said first 

conductive layer in said third electrode is equal to that of said first conductive layer in said 

second electrode. 

16. AJnanufacturing method according to claim 9. for fonning said first electrode, 

comprising steps of: 

laminating a first conductive film and a second conductive film on said 

insulating film; 

a first etching process which is perfonned for said second conductive film; 

and 

a second etching process which is performed for said first conductive ~Im to 

form said first electrode. 

17. A manufacturing method according to claim 9, wherein said insulating film is 

removed to expose a portion of said high concentration impurity region simultaneously in 

fonning said third electrode. 

18. A method o! manufacturing a semiconductor device comprising steps of: 

forming a semiconductor layer on an insulating surface; 

forming an insulating film on said semiconductor layer; 

forming a first electrode comprising a laminate structure of a first conductive 

layer with a first width an~ a second conductive layer on said insulating film; 

etching said second conductive layer to fonn a second electrode comprising 

a laminate structu:-e of said firs: cor!ductive layer with said first width and said second conductive 
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layer with a secorld width; 

adding a.n impurity el.ement to said semiconductor layer using said second 

electrode as a mask to form a high concentration impurity region; 

adding said_ impurity element to said semiconductor layer through said first 

conductiy~ __ layer using the second conductive layer as a mask to form a low concentration 

impurity region; and 

etching said first conductive layer to fonn a third electrode comprising a 

laminate structure of sajd first conductive layer with a third width and said second conductive 

layer with said second width. 

19. A method of manufacturing a semiconductor device comprising steps of: 

fanning a semiconductor layer on an insulating surface; 

forming an insulating film on said semiconductor layer; 

forming a first electrode comprising a l~ate structure of a first conductive 

layer with a first width and a second conductive layer on said insulating film; 
. 

etching said second conductive layer to form a second electrode comprising 

a laminate structure of said first conductive layer with said first width and said second conductive 

layer with a second width; 

adding an impurity element to said semiconductor layer using said second 

conductive layer as a mask to fonn a low concentration impurity region and a high concentration 

impurity region; and 

etching said first conductive layer to fonn_ a third electrode comprising a 

laminate structure of said first conductive layer with a third width and said second conductive 

layer with said second width. 
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20. A manufacturing method according to claim 18, wherein said second width is 

narrower than said first width. 

21. A manufacturing method according to claim 19, wherein said second width is 

narrower than said firsi: width. 

22. A manufacturing method according to claim 18, wherein said third width is narrower 

than said first width and wider than said se<:ond \\-i.dth. 

23. A manufacturing method according to claim 19, wherein said third width is nanower 

than said first width and wider than said second width. 

24. A manufacturing method according to claim 18, wherein said impurity element is 

an impurity element for imparting one of an-type conductivity and a p-type conductivity to said 

semiconductor layer. 

25. A manufacturing method according to claim 19,. wherein said impurity element is 

an impurity element for imparting one of an-type conductivity and a p-type conductivity to said 

semiconductor layer. 

26. A manufacturing method according to claim 18, for fonning said first electrode, 

comprising steps of: 

laminating a first conductive film and a second conductive film on said 

insulating film; 
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a first etching process which is perfonned for said second conductive film; 

and 

a second etching process which is performed for said first conductive film to 

form said first electrode. 

27. A manufacturing merhod according to claim 19, for forming said first electrode, 

comprising steps of: 

laminating a first conductive film and a second conductive film on said 

insulating film; 

a first etching process which is performed for said second conductive film; 

and 

a second etching process which is perfonned for said first conductive film to 

form said first electrode. 

28. A method of manufacturing a semiconductor device comprising steps of: 

fanning a semiconductor layer on an insulating surface; 

forming an insulating film on said ~emiconductor layer; 

laminating a fast conductive film and a second conductive film on said 

insulating film; 

fanning a second conductive layer with a first width; 

adding an impurity element to said semiconductor layer using said second 

conductive layer with said first width as a mask to form a high concentration impurity region; 

etching said first conductive film to fonn a first electrode comprising a laminate 

structure of said first conductive layer with a second width and said second conductive layer with 
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a thin:i width; 

etching said second conductive layer to form a second clcclroc;lc comprising a 

laminate structun: o! said first conductive layer with said second width and said second 

conductive layer with a fourth width: 

adding said impurity clement lo said semiconductor layer through said first 

conductive layer using said second conductive layer with said fourth width as a mask to form a .. 
low concentration impurity region; and 

etching said first conductive layer to form a third electrode comprising a 

laminate structure of said first conductive layer with a fifth width and said second conductive 

layer with said fourth width. 

.· 
29. A man~facturing method according to claim 9. after the formation of said third 

electrode. further comprising steps of: 

forming a first interlayer insulating film for covering said third electrode; 

performing a first heat treatment for activating uid impurity elemf;'lnt in said 

semiconductor layer; 

fanning a second interlayer insulating f"dm for covering sajd first interlayer 

insulating film; and 

performing a second heat treatment with a lower temperature than that in said 

first heat treatment after said second interlayer insulating film is fonncd. 

30. A manufacturing method according to claim 18, after the formation of said third 

electrode, further comprising steps of: 

forming a first interlayer insulating film· fot covering said third electrode; 
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performing a first heat treatment for activating said impurity element in said 

semiconductor layer; 

forming a second interlayer insulating film for covering said first interlayer 

insulating film; and 

performing a second heat treatment with a lower temperature than that in said 

first heat treatment after said second interlayer insulating film is formed. 

31. A manufacturing method according to claim 19, after the formation of said third 

electrode, further comprising steps of: 

forming a first interlayer insulating film for covering said third electrode; 

performing a first heat treatment for activating said impurity clement in said 

semiconductor layer;-

forming a second interlayer insulating film for covering said first interlayer 

insulating f'llm; and .. -
performing a second heat treatment with a lower temperature than that in said 

first heat treatment after said second interlayer insulating film is formed . 

.. -
32. A manufacturing method according to claim 28. 11.ftcr the formation of said third 

electrode, further comprising steps of: 

forming a first interlayer insulating film for covering said third elccuode; 

performing a first beat treatment for activating said impurity clement in said 

semiconductor layer; 

forming a second interlayer insulating film for covering said first interlayer 

insulating film; and 
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performing a second heat treatment with a Jower temperature than that in said 

first heat treatment after said second interlayer insulating film is formed. 

33. A method of manufacturing a semiconductor device comprising steps of: ... -. 

forming a semiconductor layer on an insulating surface; 

forming an insulating film on said semiconductor layer; 

laminating a first ~ductive f'xlm and a second conductive film on said 

insulating f"llm; 

forming a second conductive layer with a rust width; 

adding an impurity clement to said semiconductor layer using said second 

conductive layer with said first width as a mask to form a high concentration impurity region; 

etehing said second conductive 18ycrto fonn said second conducii~e layer with 

a second width; 

adding an impurity clement to said .semiconductor layer through said first 

conductive film using said second conductive layer with said seC!Jnd width as a mask to form a 

low concentration impurity region; and 

etching said first conductive film to form an clec,uodc comprising a laminate 

structure of sajd first conductive layer with a third width and said second conductive layer with 

said second width. 

34. A manufacluriog method according to claim 33. after the formation ot said third 

electrode. further comprising steps of: 

forming a fit"St interlayer insulating film for covering said third electrode; 

performing a first heat treatment for activating said impurity element in said 
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semiconductor layer; 

forming a second interlayer insulating film for covering said first interlayer 

insulating film; and 

performing a second heat treatment with a lower temperature than that in said 

first heat treatment. 

35. A manufacturing method ~fa semiconductor device according to claim 9, wherein 

said semiconductor device is one selected from the group COJJsisting of a video Ca.men., a digital 

camera, a projector. a goggle type display, a car navjgation system, a persona) computer, a 

portable information terminal, a digital video disk player, and an electronic game device. 

-· 
36. A manuht.1uring method of a semiconductor device according to claim 18, wherein 

said semiconductor device is one selected from the group consisting of a video camera, a digital 

camera, a projector, a goggle type display, a car navisation system. a personal computer. a 

portable information terminal, a digital video clislc player, and an c:Jecrronic game device. 

37. A manufacturing method of a sc:miconduc:tordcvice according to claim 19, wherein 

said semiconductor device is one selected from the group consisting of a video camera, a digital 

camera. a projector, a goggle type display, a car navigation system, a personal computer, a 

portable information tcnninal. a digital video disk player, and an electronic game device. 

38. A manufacturing method of a s~miconductor device according to claim 28, wherein 

said semicondu,1or device is one selected from the group consisting of a video camera. a digital 

camc:ra, a projector, a goggle type display, a car navigation system. a personal computer. u 
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ponablc iaformation terminal, a digital video disk player. and an electronic game device. 

39. A manufacturing method of a semic:cmductor device according to claim 33, wherein 

said semiconductor device is one selected from the ,sraup consistiq of a video camera. a dig.ital 

camera. a projector. a goggle type display, a Cir navigation system, a penonal computer. a 

portable information cenninaI. a diaiCaf video mu pl•ycr, and an electronic pmc device . 

. · 

... 

. . • 

110 


