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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 

TIIEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present ihveni:ion r~lates to a semiconductor display device using a 

semiconductor element (an elemem using a semiconductor thin film}. Further, the 

present invention relates to electronic equipment using the semiconductor display device 

in a display portion. 

2. Description of che Related Art 

10 Techniques of using a semiconduct0r thin film (on the mder of several nm co s~veral 

hundreds of nm thick) formed on a substrace having an insulating suxface in order co form 

a chin film transistor (TIT) have bee_n in the spotlight in recent years. Thin film 

transistor~ are widely applied to electronic devices such as I Cs and semi ~onductor display 

devices, and in particular, are rapidly being developed as switching demems for liquid 

15 crystal display devices and EL display d~vices. 

EL display devices are also referred to as organic EL displays (OELDs} and as organic 

light-emitting diodes (OLEDs). 

EL display device~ are self-light-emitting. EL devices havt: a structure in which a 

layer containing an organic compound (EL layer) is sandwiched between a pair of 

20 electrodes (an anode and a cathode). and the EL layer usually has a lamination structurt:. 

A lamination structure of a hole transporting layer, a light-emitting layer, and anel1::ccron 

cransportlng layer developed by Tang, et al., of Eastman Kodak Company can be given 

as a typical lamina[ion structure. This structure has extremely high light-erntttin.g 

efficiency, and mos[ of rhe EL display devices currently bt:ing r1::searcht:d anJ devdl)ped · 
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employ this structure. 

Electro luminescence generated by the addition of an electric field is obtained in the: 

EL element, which has an anode layer, an EL layer, and a cachode layer. Th~rt: is 

emission ofhght in the organic compound when returning to a base state from a singl~r 

5 excitation state (fluorescence), and when returning to a base state from a triplet 

excitation state {phosphorescence), and the EL display device of the present invention 

may use both types of light emission. 

Further, a structure in which a hole injecting layer, a hole transponing layer. a lighr­

emitting layer, and an electron transporting layer are laminated in order on an anode; and 

10 a structure in which a hole injecting layer, a hole transporting layer, a light .. emitting layer, 

an electron rransponing layer, and an electron injecting layer are laminated in order on 

an anode may also be used. Doping of a material such as a fluorescem pigment into the 

light-emitting layer may also be performed. 

All layers formed between an anode and a cathode are referred ro generically as an 

15 EL layer within this specification. The above stared hole injecting layer, hole [tansporting 

layer, lighc .. emitting layer, electron rranspo~ting layer, and electron injecting layer are 

therefore all contained within the EL layer. 
. 

Note that the emission of light by the EL element is referred to as driving .of the EL 

element in this specification. Note also that, throughout this specification, light~em.itting 

20 elements formed by an anode, an EL layer, and a cathode are referred ro as EL 

elements. 

An active matrix EL display device has a pixel porrio~ wich a plurality of pixels, each 

of which has a TFT and an EL element. An image is displayed in the pixel portion by 

conrrolling the electric current flowing in the EL element with TFT. 

25 In particular, a high mobility can be obtained from a TFT using a sem.iconducror 

film having a crystalline structure as an active layer (crystalline TFT), and it is therefor~ 

possible co integrate functionality circuits on the same substrate and realize a high 
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definit:ion image display .. 

Semiconductor films having a crystalline structure include single cry.seal 

semiconductors, polycrystalline semiconducrors, and microcryscallin~ sem.iconJuctors in 

this specification, and in addition, include the semiconductors disclosed in Japanese 

5 Patent Application Laid-open No. Hei 7 .. 130652, Japanese Patent Applicnrion Laid~1.>pen 

No. Hei 8-78329, Japanese Patent Application Laid-open No. Hei 1Q .. 1J5468, and 

Japanese Patent Application Laid .. open No. Hei 10-135469. 

Between one million and two million crystalline TFfs are necessary in only a pixd 

matrix circuit (hereafter referred co as pixel portion) in order m structure ch~ acrive 

10 matrix EL display device, and more than char number of crystalline TFTs are re4uirc::d for 

the attached functionality circuits formed in the periphery. The specifications required 

for the EL display device are strict, and in order to perform stable image display, it is 

necessary to assure the reliability of each crystalline TFT. 

TFT characteristics can be considered as divided between chose of an on state and 

15 those of an off state. Characteristics such as on current, mobility, S~value, anJ chresht>lJ 
~". ·• 

value are known as on state characteristics, and off current i.s rhe most important off state 

characteristic. 

However, there is a problem in that the off current ea.siry becomes high with 

crystalline TFT s. 

20 Furthermore, crystalline TITs are still noc used in MOS transistors (transisrors 

manufactured on a single cryscalline semiconductor substrate) using LS Is from n reliability 
• 

standpoint. For example, a degradation phenomenon in which the mobiliry and rhc on 

currenc (rhe elec;tric current flowing when the TFT is in an on srnre) drop, and the l)ff 

current (the electric current flowing when the TFT is in an off state) rise, when a 

25 crysralline TFT is continuously driven have been observed. It is thought that rht: hm 

carrier effect is the cause, and thac: the degradacion phenom~non. is caus~d by hoc: carrtt:rs 

developing due to a high electric field in che vicinity of a drain. 
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A lightly doped drain (LDD) structure is known as a method of lowering the off 

currenr in a MOS transistor by relieving the high elec cric fidd in the viciniry of thl:! drain. 

A low concentration impurity region is formed on the outside l)f a channd reoion wid~ 
Q 

this structure, and the low concentration impurity region is referred to as an LOO 

5 region. 

In particular, the high electric field in the vicinity of the drain is telieved, th!:! hm 

carrier effect can be prevem:ed, and the reliabilir.y can be increased when there i::; n 

structure in which the LDD region overlaps with a gare dectrode through a gate 

insulating film (gate,drain overlapped LDD, GOLD structure). Note thac a region in 

10 which the LDD region overlaps with the gate electrode through the gate insulaci:t:1.g film 

is referred to as an Lov region (first LDD region) ("ov" indicates "overlap) in this 

specification. 

Nore also that structures such as an LA TID (large tilt angle implance1.i drain) 

structure and an ITLDD (inverse T LDD) structure are known as GOLD srrucrnres. 

15 There is a GOLD scructure in which sidewalls are formed by silicon, for example, reported 

in Ha cano, M., Akimoto, H, and Sakai, T, IEDM97 Technical Digest, p. 5 23~6, 1997, and 

it has been confirmed chat an extremely superior reliability can be obtained compared 

with other TFT structures. 

Note that, in this specification, a region in which the LDD region does not overlap 

20 with the gate electrode through the gate insulating film is referreJ to as an Loff region 

(second LDD region) (11off'' indicates "offset") in this specification. 

Several methods of manufacturing a TFT possessing both an Loff region and an Lov 

region have bee!). proposed. A method of using a mask, and a method using a gate 

electrode having two layers with mutually differing widths and a gate insulating film by 

25 selfralignment, can be given as methods of forming the Lov region and the Loff region. 

However, two masks are required in order to form the Lov region and the L(iff 

region when using a mask, and the number of process Sl::eps is increased. On the ocher 
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hand, when forming the Lov region and the Loff region by self alignment, the number of 

masks need not be increased, and it is possible ro suppress the number of process seeps. 

However, the width of the gate electrode and the thickness of the gate insula[ing iilm 

influence the position in which the Lov region and the Loff region are formed. The 

5 etching rates of the gace electrode and the gate insulating film l:iiffer, and it is difficult to 

precisely comrol the positional alignmenc of che Lov region and the Loff region. 

SUMMARY OF THE INVENTION 

In view of the_ above, an object of the present invention is to suppress the number 

of masks when fornting an Lov region and an Loff region, and further, c:o easily form an 

10 Lov region and an Loff region ac desired locations. Further, an object of rhe present 

invencion is realize a crystalline TFT in which good charn.cteristics can be obtained in 

both an on state and an off srate. Another object of the presem in 1.rencion is co realize a 

high reliability semiconductor display device having a semiconductor circuit: formed by 

this type of crystalline TFT. 

15 An impurity is added ro a semiconductor layer by using a sdf-aligning manna in 

which a gate electrode is utilized, and by using a mask, forming an Lt)v region anJ an Loff 

region. The gate electrode is formed from a two layer conduci:ing film, and a layer closer 

w a semiconducror layer (a firsr: gate electrode} is made longer in a channel longimdinal 

direction (a channel length direction) chan a layer farther from the semiconduct:Or layer 
• 

20 (a second electrode}. · 

Note chat, in this specification, the term channel longitudinal direction refers ma 

direction between a source region and a drain region in which a carrier moves. 

The lengths of the channel longitudinal direction (carrier movement direcrion) of 

rhe first gare electrode and the second gate electrode (hereafter referred to simply as the 

25 gate electrode width) differ in the present invention. By performing ion injection with 
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the first gate electrode and the second gare electrode as masks, and utilizing the ditforencl:! 

in ion penetration depth due to the difference in the thicknesses of the gate electrodes, 

it is therefore possible to make the ion concentration within the semiconductor layer 

located beneath the second gate electrode lower than the ion concentration within the 

j semiconductor layer located below the first gate electrode, without positioning bdow the 

second gate electrode. In addition, it is possible to make rhc inn concentration within. the 

semiconductor layer locaced below the first gate electrode lower than rhe ion 

concentration of the semiconductor layer not located below the first gate electrode, 

without positioning below the second gate electrode. 

10 Further, the Loff region is formed using masks, and therefore only the width of the 

firsr gate electrode and the width of the second gate d~ctrod.~ must be controll~d by 

etching, and control of rhe location of the Loff region and the:: location of che Lov region 

becomes easy compared to that of conventional examples. Consequently, minute 

positional alignment of the Lov region and the Loff region becomes easy, and it also 

15 becomes easy to manufacture a TFT having desired characteristics. 

Structures of the present invencion are shown bdow. 

A srructure of the present invention is a semiconductor display device having: a 

semiconductor layer formed on an insulating surface; a gate insulati~ film contacting the 

semiconductor layer; a first gate electrode contacting the gate insulating fil11.'l.; and a 

20 second gate electrode contacting the first gate electrode; 

25 

characterized in that: 

the semiconductor layer has a channel forming region, LOO regions con.meting 

the channel forming region, and a source region and a drain region contacting the LDD 

regionsi 

the width of the first gate electrode in a channel longitudinal direction is wider 

than the width of the second gate electrode in the channel longitudinal direction; and 

the LOO regions overlap the first gate decr:rode. sandwiching rhi:.: gat1.: 
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insulating film. 

Another structure of the presenc invention is a semiconductor display device having: 

a semiconductor layer fom1ed on an insulating surface; a gate insulating film contacting 

the semiconductor layer; a first gate electrode contacting the gate insulating film; and a 

5 second gate electrode contacring the first gate electrodei 

10 

characterized in that: 

the semiconductor layer has a channel forming region, LDD regions comae.ting 

the channel forming region, and a source region and a drain region conracting the LDD 

regions; 

the widrh of the first gate electrode in a channel longitudinal Jir~ccion is widei: 

than the width of the second gate electrode in the channd longitudinal direction: 

the LDD regions overlap with the first gate electrode, sandwiching the gate 

insulating film; and 

the channel forming region overlaps with the second gate electrode, 

15 sandwiching the gate insulating film. 

Another structure of the present invention is a semiconJuctor display device having: 

a semiconductar layer formed on an insulating surface; a gate insulating film contacting 

the semiconductor layer; a first gate electrode concacting che gate insulating film; a 

second gate electrode contacting the first gate electrode; and an EL element; 

20 characterized in chat: 

the semiconductor layer has a channel forming region, LO D regions comae ting 

the channel forming regi~n1 and a source region and a drain r~gion contacting rhi:: LDD 

regions; 

the width of r.he first gate electrode in a channel longitudinal direction is wider 

25 than the width of the second gate electrode in the channel longitudinal direction; 

the LOO regions overlap with the first gate electrode, sandwiching the gate 

insulating film; 
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the channel forming region overlaps with the second gate electrode, 

sandwiching the gate insulating film; 

the EL element has an anode, a cathode, and an EL layer fonneJ between the 

anode and the cathode; and 

the drain region is electrically connected w the anode or the carhod~. 

Another structure of the present invention is a semiconductor display device having: 

a semiconductor layer formed on an insulating surface; a gate insulating film contacting 

the semiconductor layer; a first gate electrode contacting i;he gare insulating film; and a 

second gate electrode contacting the first gate elecrrodi::; 

10 characterized in that: 

the width of the first gate electrode in a channel longirudinal direction is wider 

than the width of the second gate electrode in the channel longitudinal direction; 

the firsi: gate electrode has a tapered shape in cross section in an end 

portion; 

15 the semiconductor layer has a channel forming region, LO D regions contacting 

the channel f~mning region, and a source region and a drain region contacting the LDD 

regions; 

the LDD regions overlap with the first gate electrode, sandwiching the gat«:: 

insulating film; and 

20 the channel forming region overlaps wii:h rht: se1.:;.ond gate dccm1Ll~. 

sandwiching che gate insulating film. 

The LDD regions in the above structures may be fomi.ed in a self~aligning manner 

by adding an impurity element into the semiconductor layer with the second gate 

electrode as a mask. 

25 Wirh the present invemion, the concentration of the impuriry in che LDD regiom 

at lease contains a region having a concen~ration gradient in a range of 1xl011 w l x l 0 15 

/cm3
, and may be characterized in that the impurity element concentration increases as 
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the distance from rhe channel forming region incteas~:;. 

Another structure of the present invemion is a semiconductor display Jevic~ having 

a switching TFT and a driver circuit TIT; 

in which: 

che swicching TFT and the driver circuit TFT each has a semiconductor layer 

formed on an insulating surface, a gate insulating film contacting the semiconductor layer. 

a first gate electrode contacting the gate insulating film, and a second gate dectrode 

contacting rhe first gate electrode; 

che widch of the first gate eleccrode in a channel longitudinal direction is wider 

10 than the width of che second gate electrode in the channel longitudinal direction; 

the semiconductor layer of the switching TIT has a channel forming region 

overlapping with the second gate electrode, sandwiching the gace insulating film; first 

LDD regions contacting the channel forming region and overlapping with th~ first gate 

electrode, sandwiching the gate insulating film; second LDD regions contacting rhe first 

15 LDD regions; and a source region and a drain region contacting che second LDD regiom: 

and 

the semicondu.cr.or layer of the driver circuitTFT has a channel forming region 

overlapping with the second gate electrode, sandwiching the gate insulating film; third 

LDD regions contacting·the channel forming region and overlapping with tht! first gate 

20 electrode, sandwiching the gate insulating film; and a source region and a drain region 

contacting the third LDD regions. 

Another structure of the present invention is a semiconductor display device having 

a switching TFT and a driver circuit TFr; 

in which: 

Z5 che switching TIT and the driver circuit TFT each has a semiconducwr h1yi::r 

formed on an insulating surface, a gate insulatingfilmcomaccing the semiconducti.)r layer, 

a t1rst gate electrode contacting the gate insulating film, and a second gare elecr:rnde 

9 



contacting the first gate electrode; 

the width of the first gate electrode in a channd longitudinal direction is wider 

than the width of the second gate electrode in the channel longitudinal direct:ion; 

the first gate electrode has a tapered shape in cross section in an edge 

5 ponion; 

the semiconductor layer of the switching 1FT has a channd fonning n:gion 

overlapping with the second gate electrode, sandwiching the gate iru;ularing filn.1; firsr 

LDD regions contacting the channel forming region and overlapping with the first gate 

electrode, sandwiching the gate insulating fihn; second LDD regions contacting the first 

10 LDD regions; and a source region and a drain region contacring the second LDD regions; 

and 

the semiconductor layer of the driver circuit TFT has a channd forming region 

overlapping with the sei::ond gate electrode, sandwiching the gate insulating film; third 

LDD regions contacting the channel forming region and overlapping with the first gare 

15 electrode, sandwiching the gate insulating film; and a source region and a drain region 

contacting the third LDD regions. 

With the present invention, the concentration of the irnpuriry in the tlrsr LDD 

regions at least contains a region having a concemracion gradient in a mnge of lx 101
; w 

lxl0t8 /cm3, and the impurity element concentration increases as the di.seance from rhe 

20 channel forming region increases. 

With the present invention, the concentration of the impurity in the chird LDD 

regions at least contains a region having a concentration gradient in a range of lxl0
17 

to 

lxl018 /cm3
, and the impurity elemenc concemration increases us the distanci:: from rhe 

channel forming region increases. 

25 With the present invention. the first LDD regions or the third LOO regions may be 

formed in a self raligning manner by adding the impurity to the semiconductor layer with 

the second gate electrode as a mask. 
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Another structure of the present invention is a semiconductor display device having: 

a semiconductor layer formed on an insulating surface; a gate insulating filmi a first gacl! 

electrode; a second gate electrode; a first wiring; a second wiring; a first inrerlayer 

insulating film; a second interlayer insulating film; and an inrerm~diare wiring; 

5 characterized in that: 

10 

the gate insulating film is formed over the insulacfrtg surface, covering the 

semiconductor layer; 

the first gate electrode and the first wiring are formed conracting the gate 

insulating film; 

the second gate dectrode and the second wiring are formed comae ting th~ first 

gate electrode and the first wiring, respectively; 

the first gate electrode and the first wiring are formed from a first conducting 

film; 

the second gate electrode and the second wiring are formed from a s~cond 

15 conducting film; 

the first interlayer insulating film is formed covering: the first gate electro\.{~; 

the second gate electrode; che first wiring; the second wiring; and the gate insulating 

film; 

the second interlayer iiisulating film is fom1ed over the first interlayer 

20 insulating film; 

the intennedjate wiring is formed covering the second interlayer insulating 

film, and so as to contact the first interlayer insulating film through a comact hole formed 

in the second in_cerlayer insulating film.; 

the intermediate wiring overlaps with the second wiring through the firsc 

25 imerlayer insulating film in the contact hole; 

the semiconductor layer has a channel forming region, LOO regions contacting 

che channel forming region, and a source region and a drain region conmcting r:he LDD 

11 



regions; 

the width of the first gate electrode in a channel longitudinal direction is wider 

than the width of the second gate electrode in the channel longimdinal direction; 

the channel forming region overlaps with the second gate dt!ctrodc. 

5 sandwiching the gate insulating film.; and 

the LDD regions _overlap with the fuse gate dectroJ.e, sandwiching the gatc: 

insulating film. 

Another structure of the present invention is a semiconductor display device having: 

a semiconductor layer formed on an insulating surface; a gate insulai:ing film; a first gare 

10 electrode; a second gate electrode; a first wiringi a s~cond wiring; a first incerlayer 

insulating film; a second interlayer insulating film; an imennediate wiring; and an EL 

element; 

characterized in that: 

the gate insulating film is formed over the insulating surface, covering the 

15 semiconductor layer; 

20 

rhe first gate electrode and the first wiring are formed. contacting the gate 

insulating film; 

the second gate electrode and the second wiring are formed contacting the first 

gate electrode and the first wiring, respectively; 

che first gate electrode and the first wiring are formed from a first conducting 

film; 

the second gate electrode and the second wiring are fom1.ed from a second 

conducting film; 

the first interlayer insulating film is formed covering: the first gate electrode; 

25 che second gate electrode; ~he first wiring; the second wiring; and the gate in.:;ulai:ing 

film; 

the second interlayer insulating film is form1::J over the fir:H intcriayer 
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insulating film; 

the intermediate wiring is formed covering the st:cond imerlayer insulating 

film, and so as to contact the first interlayer insulating film through a first cunrn.ct holt:: 

formed in the second imedayer insulating film; 

5 the intennediate wiring overlaps with rhe second wiring through the first 

10 

interlayer insulating film in the first contact hole; 

the semiconductor layer has a channel forming region, LDD regions contacting 

the channel forming region, and a source region and a drain region contacting the LOO 

regiOUSj 

the LDD regions overlap with the first gate decmx:le, sandwiching rhe gate 

insulating film; 

the channel forming region overlaps with the second gate electrode, 

sandwiching the gate insulating film; 

the intermediate wiring is connected co the source region through a s~cond 

15 contact hole formed in: the gate insulating film; the first interlayer insularing film; and 

the second interlayer insulating film; 

the EL element has an anode, a cathode, and an EL layer formed between the 

anode and the cathode; and 

cht! drain region is electrically connected to rhe anode or the cachode. 

20 Another structure of the present invemion i.:; a semicon.Juctor Jisplay device having: 

a semiconductor layer fprmed on an insulating surface; a gate in~ulating film; a first gare 

electrode; a second gate electrodei a first wiring; a second wiring; a first interlayer 

insulating film; ~second interlayer insulating film; an intermediate wiring; and a shielding 

film; 

25 characterized in rhat: 

the gate insulating film is formed on the insulating surface, covering the 

semiconductor layer; 
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5 

the first gate electrode and the first wirin0a are formed contactinn the crare b ,., 

insulating film; 

the second gate dectmde and the seconJ wiring are fonned contacting the first 

gate eleci:rode and the first wiring, respectively; 

the first gate electrode and the first wiring are fom1ed from a 6.rst conducting 

film; 

the second gate electrode and the second wiring are formed from a second 

conducting film; 

t:he first interlayer insulating film is formed covering: the first gate el~ctrode; 

10 che second gate electrode; the first wiring; the second wiring; and the gate insufating 

film; 

rhe second interlayer insulating film is formed over the first interlayer 

insulating film; 

the intermediate wiring is formed covering the second interlayer insulating 

15 film, and so as to con~~<;,t_~e first interlayer insulating film through a contact hole formed 

in the second interlayer insulating film; 

the intermediate wiring overlaps with the second wiring through ~he first 

interlayer insulating film in the contact hole; 

the semiconductor layer has a channel forming n:gion, LDD regions contacting 

20 the channel forming region, and a source region and a dn:tin region contacting thl! LDD 

regions; 

the LDD regions overlap wirh the first gate electrode, sandwiching the gate 

insulating film; . 

the channef forming region overlaps with the ~econd gate electrode, 

25 sandwiching the gate insulating film; 

the shielding film is formed from the same conducting film a.s the intermediate 

wiring; and 
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the shielding film. is formed on the second interlayer insulating film. an.d so as 

to overlap the channel forming region. 

Another structure of the present invention is a semiconductor display device having: 

a semiconductor layer fonned on an insulating surface; a gate insulating film; a first gate 

5 electrode; a second gate electrode; a first wiring; a second wiring; a first im~rlayer 

insulating film; a second interlayer insulating film; an incerm.1!1.hate wiring; a shidJin~ 

film; and an EL element; 

characterized in that: 

the gate insulating film is formed on the insulating surface, covering the 

10 semiconductor layer; 

.15 

the first gate electrode and the first wiring are fomted contacting thl! gate 

insulating film; 

the second gate electrode and the second wiring are forn.1ed contacring the first 

gate electrode and the first wiring, respectivelyi 

the first gate electrode and rhe first wiring are formed from a first conducting 

film; 

the second gate electrode and the second wiring are fom1ed from a second 

conduct:ing film; 

the first interlayer insulating film is formed covering: the first gate electrode; 

20 the second gate electrode; the first wiring; the second wiringi and the gate insula[ing 

film; 

the second interlayer insulating film is formed over the firsc intt:rlayer 

insulating film; 

the intermediate wiring is formed covering tht: second interlayer insulating 

25 film, and so as to contact the first interlayer insulating film through a first contact h~Jk 

formed in the second interlayer insulating film; 

rhe intermediate wiring overlaps with rhe second wiring through rhe first 
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interlayer insulating film in the first contact hole; 

the semiconductor layer has a channel forming region, LOO regions conracring 

the channel forming region, and a source region and a drain region contacting th~ LOO 

regions; 

the LDD regions overlap with the first gate electrode, sandwiching rhe gate 

insulating t1lm; 

the channel forming region overlaps with the second gate electrode, 

sandwiching the gate insulating film; 

the intermediate wiring is connected to the source region through a second 

10 contact hole formed in: the gate insulating film; the first intedayt::r insulating tUm; and 

the second interlayer insulating film; 

the shielding film is formed from the same conducting fihn as the incerm.ediate 

wiring; and 

the shielding film is formed on the second interlayer insulating film, and so as 

15 to overlap the channel forming region; 

the EL element has an anode. a cathode, and an EL layer formed between the 

anode and the carhode; anJ 

the drain region is electrically connected to the anode· or the carhodt:. 

Another structure of the present invention is a semiconductor display device having: 

20 a light shielding fihn formed over a substrate; an insulating film formed over the subsr:rac:e, 

covering the light shielding film; a semiconductor layer formed on' che insulating film; a 

gate insulating film contacting the semiconductor layer; a first gate electrode contacting 

the gate insulating film.; and a second gate electrode cnmaccing the first gate 

electrode; 

characterized in chac: 

che semiconductor layer has: a channel forming region; LDD rcoions 
l:o 

contacting the channd forming region; and a source region and a drain region conrnc ring 

16 



the LDD regions; 

the LDD regions overlap with the first gate electrode, sandwiching the gate 

insulating film; 

the channel forming region overlaps with the second gate insulating film, 

5 sandwiching the gate insulating film; and 

the light shielding film overlaps with the channel fom1ing region through the 

insulating film. 

Anothersaucture of the preseminventlonis a semiconductor display device having: 

a light shielding film formed over a substrate; an insulating film formed over the subsm:u:i;:, 

10 covering t:he light shielding film: a semiconductor layer forntt!d on the insulating film; a 

gate insulating film contacting the semiconductor layeri a first gate dectrode contacting 

the gate insulating film; a second gate electrode contacting the first gate electrode; and 

an EL element:; 

15 

20 

characterized in that: 

the semiconductor layer has: a channel fom1ing region; LDD regions 

contacting the channel forming region; and a source region and a Jrain region contacting 

the LDD regionsi 

the ~DD regions overlap with the first gate electrode, sandwiching the gate 

insulating film; 

the channel forming region overlaps with rhe second gate insulating film, 

sandwiching the gate inwlating film; 

the light shielding film overlaps with r:he channel forming region through the 

insulating film; 

the EL element has an anode, a cathode, and an EL layer formed between the 

anode and the cathode; and 

the drain region is electrically connected to the anode or the cathode. 

The insulating film in the above structures may also be levded by CMP polishing 
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~'it:h the present invention. 

The present invention may also be: a video camera; an ilnage reproduction device; 

a head mounted display; or a personal compurer; in which the semiconJucror Ji.splay 

device is used. 

Another structure of the present invention is a method of tnanufacturing a 

semiconductor display device, having the steps of: 

forming a semiconductor layer on an insulating surface; 

forming a gate insulating film over the insularing surface, covering thi: 

semiconductor layer; 

forming a first conducting film on the gate insulating film; 

forming a second conducting film on the first conducting film.; 

patterning the first conducting film and the second conducting film, forming 

a first gate electrode and a second gate electrode; 

adding a first impurity to the semiconductor layer from a side where th!:! first 

15 gate electrode and the second gate electrode are formed; and 

forming a mask on the semiconductor layer, covering the first gate electrod~ 

and the second gate electrode; and 

forming a channel forming region, first LDD regions contacting the channd 

forming region, second LDD regions contacting the first LDD regions, and a source. region 

20 and a drain region contacring the second LDD regions hy addin_g a second impurity 

having the same type of ~onductivity as rhat of the first impurity from a side where thr::: 

mask is formed on che semiconductor layer; 

characterized in that: 

the first gate electrode is longer than the second gate electrode in a channd 

25 longitudinal directioni 

rhe channel forming region overlaps wirh the second gate ekctroJc:. 

sandwiching the gate insulating fi.lmi and 
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the first LDD regions overlap wich rhe first gar~ dectrode, sandwichin.u tht! 

gate insulating film. 

Another structure of the present invention is a method of manufacturing a 

semiconductor display device, having the steps of: 

forming a semiconductor layer on an insulating surface; 

forming a gate insulating ftlm over the insulating surface, covering che 

semiconducror layer; 

forming a first conducting film on the gate insulating film; 

forming a sec.ond conducting film on the first conducting film; 

10 patterning the first conducting film and the second conducting film, forming 

15 

a first gate electrode and a second gate electrode; 

adding a first impurity co the semiconductor layer fron'l a side wh~re rhe first 

gate electrode and the second gate electrode of the sem.iconJuctor layer are fc.nmcd; 

and 

forming a mask on the semiconductor layer, covering the first gate electrode 

and che second gate electrode; and 

fom1ing a channel forming region, first LOO regions concacting th~ channd 

forming region, second LDD regions contacting the first LDD regions, and a source ri:gi1)ri. 

and a drain region contacting the second LDD regions by adding a second impurity 

20 having the same type o( conductivity as that of the first impurity from a side where the 

25 

mask is formed on the semiconductor layer; 

characterized in that: 

the first gate electrode is Longer than the second gate dectrode in a chann.d 

longirudinal direction; 

the channel forming region overlaps with the second gate decrrude, 

sandwiching the gate insulating film; and 
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10 

the first LDD regions overlap wirh th~ firsr gar~ dectrod.e, sandwiching the 

gare insulating film. 

Another structure of the present invention is a method of manufacturing a 

semiconductor display device, having the steps of: 

forming a semiconductor layer on an insulating surface; 

forming a gate insulating film over the insulating surface, comacting the 

semiconductor layer; 

forming a first gate electrode and a first shape second gate electrode cont:acttng 

the gate insulating film; 

etching the first gate electrode and the frrsr shape second gare elecrroJe, 

forming a first gate electrode having a tapered portion and a second shape seconJ gare 

electrode; 

adding an im.puriry element which imparts one conJucrivity type through the 

gate insulating film and intO the semiconductor layer, fom1ing second LDD regions; and 

15 at the same rime adding an impurity element which imparts one conductivity type 

through th~ tapered portion of rhe first gate electrode and into the semiconductor layer, 

forming first LDD regions in which the impurity conc~ntrarion increases coward an 1::dge 

portion of the semiconductor layer; and 

adding an impurity element which imparts a one conductivity type with the 

20 first gate electrode having the tapered portion and the second shape second gate elecrrode 

as masks, forming a sourc~ region or a drain region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA to 1 Fare diagrams showing a process of manufacmring an EL display 1..k 1.:ic~ 

of the present invention; 

25 Figs. 2A and ZB are enlarged diagrams of a TFT gate electrode of the present 

20 This Sheet Has Been Replaced 
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invention; 

Figs. 3A to 30 are diagrams sl;iowing a process of manufacturing an EL display 

device of Embodiment 1; 

Figs. 4A to 4C are diagrams showing the process of manufacturing the EL display 

5 device of Embodiment 1; 

Figs. SA to 5C are diagrams showing the process of manufacturing the EL Llispl:iy 

device of Embodiment 1: 

Figs. 6A and 6B are diagrams showing the process of manufacturing the EL display 

d~vice of Embodiment 1; 

10 Figs. 7 A and 7B are a top surface view and a circuit diagram .. respectively, of a pixd 

of an EL display device of Embodiment 2; 

Fig. 8 is a cross sectional diagram of an EL display device of Embodiment 3; 

Fig. 9 is a cross sectional diagram of an EL display device of Embodiment: 4: 

Fig. 10 is a cross sectional diagram of an EL display device of Embodiment 5; 

15 Figs. l lA and l lB are a top surface view and a cross sectional diagram, respectively, 

of a pixel of an EL display device of Embodiment 6; 

Figs. l 2A and l 2B are diagrams showing a method of crystallizing a semiconduccor 

layer of Embodiment 7; 

Figs. 13A and 13B are diagrams showing a method of ci:ystallizing a semiconductor 

20 layer of Embodiment 7; 

Figs. 14A and 14B are diagrams showing a method of crystallizing a semiconductor 
• 

layer of Embodiment 7; 

Figs. 15A and lSB are an external view and a cross sectilmal Jiagram, respectively, 

of an EL display device of Embodiment 8; 

25 Figs. 16A co 16F are electronic equipments using an EL display device of 

Embodiment 13; 

Figs. 17 A and 178 are electronic equipments usin,g an EL di.splay Jevict: 1.if 
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Embodiment 13; 

Fig. 18 is a block diagram of an EL display device ofEn1bodiment 10; 

Figs. 19A to 190 are enlarged diagrams of a TFT gare electrode of Emhodirnenr 

11; 

5 Figs. 20A and 208 are enlarged diagrams of a TFT gate electrode of Embodimt::nc 

14; 

Fig. 21 is a graph showing the relationship between TaN film thickness and electron 

tempera cure in a shape A of Embodiment 14; 

Fig. 22 is a graph showing the relationship between TaN film rhickn~ss and d1::crwn 

10 temperature in a shape B of Embodiment 14; 

Fig. 23 is a comparison of electron temperature and horizontal direction electric fo::ld 

strength in a shape B of Embodiment 14; and 

Fig. 24 is a diagram showing the concentration distribution of phosphorus in a shap~ 

A and a shape B of Embodiment 14. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Embodiment Mode] 

A thin film transistor of the present invention, and a method of manufacturing rhe 

thin film transistor are shown in Figs. lA to IF. 

A base film 301 is formed on a substrate 300. The base film 30 l need not be formed. 

20 bur the formation of che base film 301 is effective in preventing impuriry diffosion from 

the substrate 300 into semiconductor layers. Semiconductor layers 302 and 303 are 

formed on the base film 301 from a crystalline semiconductor film manufactured hy a 

known method. 

A gate insulating film 304 is formed covering the s~miconductor layers 302 and JO 3. 

25 A first conducting film 305 and a second conducting film 306 o.re rhen formed on ch~ garc 
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insulating film 304 in order to form gate electrodes. Noce chac it is n~cessary for rhe first: 

conducting film 305 and che second conducting film 306 to be conducting marerials 

which have etching sel~ctivity. (See Fig. lA.) 

Resist masks 307 and 308 are formed next on the semiconLluctor layers 302 ai'l.1.l 303. 

5 First shape conducting layers 309 and 310 (first conducting layers 309a anJ 3 lOa, and 

second conducting layers 309b and 3 lOb) are then formed by etching (a first etching 

process) the first conducting layer 305 and the second conducting layer 306 usin.g the 

masks 307 and 308. (See Fig. lB.) 

An enlarged diagram of the first shape conducting layers 309 and 310 uf Fig. 1 Bi:; 

10 shown in Fig. ZA. Edge portions of the first conducting layers 309a and 3 lOa, anJ edge 

portions of the second conducting layers 309b and 3 lOb become tapered as shown in Fig. 

2A. Further, the gate insulating film 304 is etched and becomes thinner in regions not 

covered by the first shape conducting layers 309 and 310, becoming a first shape gare 

insulating film 304a. 

15 A second etching process is perfonned next as :shnwn in Fig. lC. The fisr shilpe 

second conducting layers 309b and 3 lOb are anisotropically etched, and the fi.rsc 

conducting layers 309a and 3 lOa are anisotropically etched at a slower etching speed than 

that of the second conducting layers 309b and 3 lOb, fom1ing second shape conducting 

layers 313 and 314 (first conducting layers 313a and 3 l 4a, and second conducting layers 

20 313b and 314b). 
. 

An enlarged diagram of the second shape conducting layers 313 and 314 of Fig. lC 
• 

is shown in Fig. 2B here. The second conducting layers 313b and 3 l 4b are etched more 

than the first cqnducting layers 313a and 314a by the second etching process, as shown 

in Fig. 2B. Further, the masks 307 and 308 are etched by the second etching pmc1::ss, 

becoming masks 311 and 312. The first shape gate insulating film 304a is further ~(chcJ 

and becomes thinner in regions not CL>vered by the second shape conducting layers 31.3 

and 314, becoming a second ;;hape gate insulating film 304b. 
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Them.asks 311 and 312 are removed, and a first doping process is perfom1ed on th~ 

semiconductor layers 302 and 303, as shown in Fig. lD, adding an impurity dl!mem 

which imparts n·cype conducciviry. Doping is perfom1ed using the second shap~ 

conducting layers 313 and 314 as masks against the impurity element. Doping is 

5 performed so as t0 also add the impurity element in regions under the second shape 

conducting layers 313a and 3 l 4a. 

First impurity regions 315 and316, which overlap with th~ secnndconducting layers 

313a and 3 l 4a, and second impurity regions 317 and 318, which have a higher il'npuricy 

concentration than the first impurity regions, are formed. Note that1 although the 

10 impurity elemem which imparrs n .. cype conductivity is added after removing che. masks 

311and31.2 in this embodiment mode; the present invention is not limiced by chis. The 

masks 311 and 312 may also be removed afcer adding the: itnpuriry demem which imparts 

n·type conductivity in the process of Fig. 10. 

A mask 319 is then formed from resist on the semiconductor layer 303 so as to cover 

15 the second shape conducting layer 314. The mask 319 overlaps with a portion of the 

second impurity region 318, sandwiching the second shape gate insulating film 304b. A 

second doping process is then performed, adding an impurity dement which imparts 
. 

n~cype conductivity. Doping of the n .. cype conductivity imparting ilnpurity el~t'lt~nt is 

performed at conditions· in which the dosage is increased more than i:hat of tht: tlrst 

20 doping process, and in which the acceleration voltage is low. In addition co a channel 
' 

forming region 324 and an Lov region 323, a source region 320, a drain region 321. and . -

an Loff region 322 are formed in the semiconducmr layer 303 in a self.aligning manner 

by the second doping process. Further, a third impurir:y region 325 is fomi.eJ in the 

semiconductor layer 302 by che second doping process wirh che second shape fast 

25 conducting layer 313a as a mask. (See Fig. lE.) 

It is possible to freely set the size of the Loff region 322 by cc.mtrolling the size of d1~ 

mask 319- in the present invencion. 
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The entire surface of the semiconductor layer 303, which forrn.s an n-channd TFT, 

is then covered by a resist mask 326 as shown in Fig. lF. A source region .327, a 1..lrain 

region 3 28, and an Lov region 3 29, into which an impuriry element which imparts p- type 

conductivity is added in accordance with a third doping process using the second shape 

5 conducting layer 313 as a mask against the impurity element; and a channd forming 

region 330 are then formed in a self-aligning manner in rh~ p-channel TFT forming 

semiconductor layer 302. 

Then-type conductivity imparting impurity element is already added to the:: source 

region 327, the drain region 328, and the Lov region 329 at differing concentrations. but 

10 the conductivity type of the source region 327, the drain region 328, and i:he Lov region 

329 is set top-type by adding the p-type conductivity imparring impurity de111~m at a 

concentration which is sufficiently higher than [he concentratitm of rhc i1npurity dcmem 

which imparts n~rype conductivity. 

The impurity regions (source regions, drain regions, Lov regions, and Loff regions} 

15 are thus formed in the semiconductor layers 302 and 303 by the above processes. The 

second shape conducting layers 313 and 314 overlapping with the sem.iconducror layers 

302 and 303 function as gate electrodes. The second shape firsr conJucting layers 313a 

and 314a are referred to as a first gate electrode, and the second shape second conducting 

layers 313b and 314b are referred to as a second gate electrode. 

20 A process of activating the impurity elements added to the resp~ctive semiconductor 

layers is performed next ~th a goal of controlling conductivity. However. it is preferable 

to perform accivation after forming an interlayer insulating film (having silicon as its main 

constituent) in o.rder to protect portions such as wirings if th~ cnn.Jucting mare rial us~d 

in the first conducting film 305 and the second conducting nlm 306 is weak with respeci: 

25 to heat. The activation can be carried out by irradiating with a laser light or an infrared 

light. 

In addition. heat treatment is perfooned in an atmosphere comaining between. 3 anJ 
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100% hydrogen, performing hydrogenation of the .semiconductor layers 302 and .30.3. 

This process is one of terminating dangling bonds in the semiconductor layers by 

hydrogen which is thermally activated. Plasma hydrogenation (using hydrogen which is 

thermally activated by a plasma) may also be perform.eJ as another means of 

5 hydrogenation. 

A p .. channel TFT 341 and an n~channel TFT 342 are completed when the abovt! 

processes are finished. 

Note that, although the surfaces are shown in the figures to be level in Figs. lA to 

IF, and 2A and 2B, for regions in which the lengths of the second shape first gate 

l 0 electrodes 3 Ua and 3 l 4a are longer compared co the l~ngd1s nf t:he second gate decmkle 

313b and 314b in the channel longitudinal direction, actually a rnper having an extremdy 

small taper angle exists. Note also that it is also possible to make this level, depending 

upon the etching conditions. 

·The length in the channel longitudinal direction (the direction in which a carrier 

15 moves) of the first gate electrode and the second gate electrode (hereafter rt!ferrt:d ro 

simply as gate electrode width) thus differs wich the present invention, as srar~d above. 

In accordance with performing ion injection with the firsr gate electrode and rhe second 

gate electrode as masks, the difference in ion penetration depth due to· the differing 

thicknesses of the gate electrodes is utilized, and it therefore becomes possible t<J make 

20 the ion concentration within the semiconductor layers which are arranged under tht: 
' 

second gate electrode lower rhan the ion concentration of che semiconductor laycr!.l 
• 

arranged under the first gate electrode without arranging then\ under rhe second gare 

electrode. In addition, it is possible to make the ion concentration wichin the 

semiconductor layers arranged under the first gate electrode without positioning chem 

25 under the second gate electrode lower than the ion concencration of the semicon-.luctor 

layer:; which are not arranged under the first gate electrode. 

Further, in order to fom1 the Loff region using a mask, only rhe width of chi:! first 
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gate electrode and the width of the second gate elecrrode must be conrrolled by etching, 

and therefore control of the position of t:he Loff region and the Lov region becomt!s easy 

compared to the conventional examples. Precise positional alignm.enr of rhe Lov region 

and the Loff region therefore becomes easy, and it also becomes easy to manufacture 

5 TFf s having desired characteristics. 

Note that the above stated structure of the present invention iS not limited to an EL 

display device, and it is also possible to use the above structure in a liquid crystal display 

device. 

Embodiments of the present invention are explained below. 

10 [Embodiment 1) 

A method of manufacturing a pixel portion, and TFTs (n.-channel TFTs and 

p.-channel TFTs) of a driver circuit formed in the periphery of the pixel portion, ac che 

same time and on the same substrate is explained in detail in Embodiment 1. Note chat, 

in this specification, driver circuit includes a source signal line Jriver circuit and a gate 

15 signal line driver circuit. In addition, the TFTs of tht! driver circuit ai:e referred ro as 

driver circuit TFTs in this specification. 

First, as shown in Fig. JA1 a base film 101 made from an insulating film such as a 

silicon oxide film, a silicon nitride film. or a silicon nitride oxide film is formed on a 

substrate 100 made from glass or made from quartz substrate, such as barium borosilicate 

20 glass or aluminum borosilicate glass, r;ypically Coming Corp. #7059 glass or# 1737 glass . 
• 

For example, a silicon nitride oxide film manufactured fa)m SiH4, NH3, and N;O by 

plasma CVD is fQrmed with a thickness of 10 to 200 nm (preferably from 50 co 100 nm). 

and a hydrogenized silicon nitride oxide film with a thickness of 50 co 200 nm (preft!rably 

between 100 and 150 nm), manufactured from SiH4 and NzO, is similarly formed and 

25 laminated. Note that this is shown as one layer in Fig. 3A. The base film 10 l is shuwn 

as a two layer structure in Embodiment 1. but it may also be formed as a singlt:! byt:!r ot' 
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one of the above insulating films, and it may also be formed having a laminationstrucmn.: 

in which at leasr rwo layers are laminat:ed. 

Semiconductor layers lOZ to 105 are formed by a cryswllinc semiconc..lucror tUm 

manufactured using a laser crystallization method of a semiconductor film havin11 an 
n 

5 amorphous structure, or using a known thermal crystallization method. The thickness 

of the semiconductor layers 102 to 105 is formed from 25 to 80 nm thick (preforably 

between 30 and 60 run). There are no limitations on the crysra.lline semiconducror film 

material, but it is preferable to form the film front a semiconJuct{ )r material such as .silicon 

or a silicon germanium (SiGe) alloy. 

10 As for know crystallization methods, there is a thermal crystallization method using 

an electric furnace, a laser annealing crystallization method using laser light, a lamp 

annealing crystallization method using infrared light, and a crystallization method using 

a carnlysc metal. 

A laser such as a pulse emission type or continuous t:mi.s:;ion rype t::xcimer laser, a 

15 Y AG laser, and a YV04 laser can be used as a laser light source used in the las~r 

crystallization method to manufacture a crystalline semiconductor film. A method of 

condensing laser light emit:red from a laser emission device into a linear shape by an 

optical system and then irradiating the light to the semiconductor film may be used when 

these types of lasers arc u:;cd. The crystallfaatinn com.ih:lons may bt:: sutlubly sdcci:cJ by 

20 the operator, but when using the excimer laser, the pulse einission frequency is s~c ro 30 

Hz. and the laser energy density is set from 100 to 400 mJ/cm1 (ryplcally between 200 and 
• 

300 mJ/c~2). Further, the second harmonic is utilized when using the YAG laser, the 

pulse emission frequency is set from 1 to 10 KHz, and the laser energy density may be set 

from 300 to 600 mJ/cinz (cypically between 350 anJ 500 mJ/cn'11
). The las~r light 

25 collected inro a linear shape with a width of 100 to 1000 ;..tm, for cxarnple 400 ,um, is tht:n 

irradiated over the entire surface of the substrate. This i.s performed with an overlap racio 

of 80 to 98% for the linear shape laser light. 
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A gate insulating film 106 is formed covering the islanJ shap~ s1::miconJuctor layers 

102 co 105. A gate insulating film is formed by an insulating film concaining silicon wich 

a thickness of 40 to 150 nm by plasma CVD or sputtering. A 120 nm chick silicon nitride 

oxide film is formed in Embodiment l. The gate insularing film is not limited to this type 

5 of silicon nitride oxide film, of course, and other insulating films containing silicon rnay 

also be used, in a single layer or in a lamination structure. For example, when using a 

silicon oxide film, it can be formed by plasm.a CVD with a mixrure of TEOS (tetraechyl 

orchosilicate) and O.!, at a reaction pressure of 40 Pa, with the substrate [em.perature set 

from 300 to 400°C, and by discharging at a high frequency ( 13 .56 MHZ) electric power 

10 density of 0 .5 to 0 .8 W /cm2
• Good characteristics as a gate insulating film can be obtained 

by subsequently performing thermal annealing, ar: between 400 and 500 QC, of the silicon 

oxide film thus manufactured. 

A first conducting film 107 and a second conducting film 108 are then formed on 

r:he gai:e insulating film 106 in order to form gate electrodes. The first conducting fHm 

15 107 is. formed from Ta (tantalum) with a thickness of 50 ro 100 nm, and the second 

conducting film 108 is formed by W (tungsten) having a chickness of 100 to 300 nm, in 

Embodi.:-nent 1. 

The Ta film is formed by sputtering, and sputtering of a Ta"carger is perfonw~d by 

Ar. If appropriate amounts of Xe and Kr are added w Ar at the time of sputtering. the 

20 internal stress of the formed film is relaxed, and film peeling can be prevented. The:! 

resistivity of an ex phase Ta film is on the order of 20 µOcm, and it c'an be used in the gate 

electrode, but the resistivity of a B phase Ta film is on the order of 180 µ'km and it is 

unsuitable for the gate electrode. An ex phase Ta film can easily be obtained if a camalurn. 

nitride film, which possesses a crystal scructure near that of a. phase Ta. is fonn~d with a 

25 thickness of 10 to 50 nm as a base for Ta in order to forn1 a phase Ta. 

W is formed by sputtering with a W target in cases of fom1.ing a W film, which can 

also be formed by thermal CVD using tungsten hexafluoride (WF0). Whichever is used, 
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ic is necessary to be able to make tht: film become low resi:mmcc in order w usl.! l( as thl:! 

gate eleccrode, and it is preferable that the resistivity of che \'V film be maJe equal m t)r 

less chan 20 µOcm. The resistiviry can be lowered by enlarging che crystals of che W film, 

but for cases in which chere are many impurity elements such as oxygen wichin the W 

film, crystallization is inhibited. and the film becomes high resistance. AW target having 

a purity of99.9999% or 99.99% is thus used in sputtering. In addirion, hy form.in~ the W 

film while taking sufficienc care that no impurities from wirhin rhe gas pha:;~ are 

introduced at the time of film formation, a resistivity of 9 co 20 µ(km can be 

achieved. 

10 Nore that, although the first conducting film 107 is Ta and the second conducting 

film 108 is Win Embodiment 1, the conducting films are not limited to these, and borh 

may also be formed from a.n element selected from che group consisting of Ta, W, Ti. ~k\ 

Al, and Cu, or from an alloy material having one of chese elements as irs main 

constituent, or from a chemical compound of these elements. Further, a semiconductor 

15 film, typically a polysillcon film into which an impurity element such as phosphorous is 

doped, may also be used. Examples of preferable combinations other than that used in 

Embodiment 1 i.ndude: forming the first conducting film by tantalum nitride (TaN) and 

combining ir with rhe second conducting film formed from. W; forming che first 

conducting film by tantalum nitride (TaN) and combining it with the second conducting 

ZO film fonned from Al; and forming the first conducting film by tantalum nitride (T aN} and 

combining it with the second coriducting film formed from Cu. (See Fig. 3B.) 

Masks 109 to 11.5 are formed ·next: from resist, and a first etching procl!ss is 

performed in order to fonnelectrodes and wirings. An ICP (inductively coupled plasn.1n) 

ecching method.is used in Embodiment l. A gas mixture of CF,. and Cl; is used as an 

25 etching gas, and a plasma is generated by applying a 500W RF electric power (13.56 

MHz} to a coil shape electrode at: a pressure of 1 Pa. A lOOW RF electric power (13.;6 

MHz} is also applied to the subscrate side (test piece stage). effectively applying a nl:!gacive 
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self-bias voltage. The W film and the Ta film are both etched on the same order when 

CF 4 and Cl2 are combined. 

Not shown in Fig. 30, edge portions of the first conducting layer and the second 

conducting layer are made into a tapered shape in accordance with rhe effect of th~ bias 

5 voltage applied to the substrate side under the above etching conditions by using a 

suitable resist mask shape. The angle of the tapered portions is from 15 m 45°. The 

etching time may be increased by approximately 10 to 20% in order to perfom1 ecching 

without any residue remaining on the gate insulating film. The selectivity of a silicon 

nitride oxide film with respect to a W film is from 2 to 4 (typically 3), and therefore 

10 approximately 20 to 50 nm of the exposed surface of the silicon nitride film is etched by 

this over .. et:ching process. Further, not shown in Fig. 3C, regions of the gate iruularing 

film 106 nor covered by first shape conducting layers 114 to 118 are made thinner br 20 -

to 50 nm. 

The first shape conducting layers 114 to 118 (first conducting layers l l 4a to l 18a 

15 and second conducting layers l 14b to l 18b) are thus formed from the first conducting 
.. 

layer and the·second conducting layer in accordance with the first etching process. 

A second etching process is performed next, as shown in Fig. 3D. The ICP etching 

method is similarly used. a mixture of CF 4, Cli, and 0 2 is used as the etching gas, and a 

plasma is generated by supplying a 500W RF electric power (13.56 MHz) to a coil shape 

20 electrode at a pressure of 1 Pa. A SOW RF (13.56 MHz) decnic power is applied co rhe 

substrate side (test stage) 1 and a self,bias voltage which is lower iri comparison to that of . 
the first etching process is applic::d. The W film is etcheJ anisotropically under rhi;:~i;: 

etching conditions, and Ta (the 6.rst conducting layers) is anisorropically etcheLl ma 

slower etching speed, forming second shape conducting layers 119 to 123 (first conducting 

25 layers 119a to 123a and second conducting layers 119b to 123b). Further, although nor 

shown in Fig. JD, the gate insulating film 106 is additionally etched on the onii;:r l)f 20 w 

50 nm, becoming thinner, in regions not covered by the :;econd shap~ conducting layers 
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119 to 123. The masks 109 ro 113 are etched by the second etching process, becoming 

masks 109a to l 13a. 

The etching reaction of rhe W film and the Ta fih'n in accordance with tht! mix~d 

gas of CF 4 and Cl2 can be estimated fron'l the radicals generated. an1..t frorn. th~ il in rype!s 

5 and vapor pressures of the reaction products. Comparing rh~ vapor pressures of W and 

Ta fluorides and chlorides, the W fluoride compound WF 6 is extremely high, and chi'! 

vapor pressures ofWCl5, TaF,, and Ta.05 are of similar order. Therefore the W film anJ 

the Ta film are both etched by the CF4 and Cl2 gas mixture. However, if a suitabl~ 

quantity of O? is added to this gas mixture, CF4 and 0 1 react, fom1ing CO and F. and a 

10 large amount of F radicals or F ions are generated. As a result, tht! l!tching speed <)f the 

W film having a high fluoride vapor pressure becomes high. On the ocher hand, ~ven if 

F increases, t:he etching speed of Ta does not relatively increase. Further, Ta easily 

oxidizes compared to W, and therefore the surface of Ta is oxidized by the addition of 0,. 

The etching speed of the Ta film is funher reduced because Ta oxides do not react with 
\ 

15 fluorine and chlorine. It therefore becomes possible to havi: a Jifferenct: in etching Sp!!eds 

between the W film and the Ta film 1 and it becomes possiblt: m make the etching sp~ed 

of the W film larger than chat of the ''ta film. 

The masks 109a to 113a are removed, and a first doping process is performed. as 

shown in Fig. 4A. adding an impunty element which imparts n,rype conductivity. For 

20 example, doping may be performed ac an acceleration volrage of 70 ro 120 ke V and t.vith 

a dosage of lxlOu atoms/cm1
• The doping process is performed Using the seconJ shape 

• 
conducting layers 119 to 123 as masks against the impurity element:, and so as to also aJd 

the impurity ele,ment in regions below the second conducting layers 119a to 123a. First 

impurity regions 125 co 128, which overlap with the second conducting layers 119n to 

25 123a, and second impurity regions 129 to 132, which have a higher impurity 

concemracion than the first impurity regions, are thus formed. Note char rhe n-typt: 

comluctiviry imparting d1;:menc is added after removing th~ ma:>ks l09a to l l 3a in 
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Embodiment 1, but the present invention is not limited to this. The impurity demc::n t 

which imparts n .. type conducrivity may also be added in the step of Fig. 4A. and then the 

masks 109a to 113a may be removed. 

A mask 133 is next formed on the semiconductor layer 104 so as to cover the second 

5 conducting layers 12la and 121b. A portion of the mask 133 overlaps with the s~clmJ 

impurity region 131, sandwiching the gate insulating film 106. A second doping proces~ 

is then performed, and an impurity element which imparts n,type conductivity is aJdeJ. 

Doping of the n,type conductivity imparting impurii:y elem~nr is pt!rfonneJ. at conditions 

in which the dosage is raised higher than that of the first doping process, and at a low 

10 acceleration voltage. (See Fig. 4B.) The doping can be carried our by ion doping or ion 

implantation. Ion doping is performed under conditions of a dose amount from lx L0'3 

co Sx 1014 atoms/cm? and an acceleration voltage of 60 to 100 ke V. A periodic table gn.)up 

15 elemem, typically phosphorous (P) or arsenic (As) is us~d as the: impurity eler1.1.1::m 

which imparts n .. type conductivity, and phosphorous (P) i::; used h~re. Tile conduc[ing 

15 layers 119 to 123 become masks with respect to the n,type conductivity imparting 

impurity element in this case, and source regions 134 to 137, drain regions 138 to 141, 

and Lov regions 14 2 to 145 are formed in a self4 aligning manner. Furthet, Loff regiori. 146 

i.s fonn~J in .accordance wirh the mask 13J. TI1e impuriry element which imparts 1Hyp~ 

conductivity is added to the source regions 134 to 13 7, and to the drain regions 138 rn 

20 141 wich a concem:rati.on in the range of lxl020 to lxl021 atoms(cm.3
. 

It is possible ro freely set the length of the Loff region 146 in the direction which the 

carrier moves by conrrolling the size of the mask 133 with rhe present invention. 

The n-type conductivity impaning impurity element is added so as c:o fi.mn a 
. 

concentration of lxlOli to lxl019 atoms/cm3 in the Loff region, and a conccntracitm of 

25 lxl016 m lxl01s acoms/cm3 in the Lov region. 

Source regions 147 and 148, drain regions 149 anJ 150, and Lov regions ljl and 

152. inc:o which an impurity element having a conductivity type which is ch~ inn~rsc:: of 
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the above one conducrivity cype, are then formed in the p~channd TFT fonning 

semiconductor layers 102 and 105, as shown in Fig. 4C. Th~ second shape ::;~cond 

conducting layers l l 9b and 123b are used as a mask with respect to the impurity dem~nt, 

and the impurity regions are fom1ed in a self~aligning manner. The island shape 

5 semiconductor layers 102 and 103, which fonn n .. channel TFTs, are covered over their 

ent:ire surface areas by a resist masks 153 at this point. Phosphorous is already added in 

differing concentration to the source regions 147 and 148, th.e drain r~gion::; 149 1.u'll.l lSO, 
................ 

and the Lov regions 151 and 152, and ion doping is performed here using Jiboran~ 

(B2H6), so that boron is also added to each of the regions wirh a concentration of Zx l 0~0 

10 to 2xl021 atoms/cm3
• In practice, the boron contained in the source regions 147 and 148, 

the drain regions 149 and 150, and the Lov regions 151and152 is influenced by the film 

thickness of the conducting layers and the insulating film., which have a tapered shape.in 

cross section ar their edge portions above the semiconductor layers, similar to the s~cond. 

doping process. The concentration of the impurity element added inro also chang1::s. 

15 Impurity regions (source regions, drain regions, Lov regions, and Loff regions) are 

formed in the respective island shape semiconductor layers by the above processes. The 

second shape conducting layers 119 to 121 and 12 3 owrl:apping the island :-;hape 

semiconduccor layers function as gate decrrodes. Further, th~ s~c<.md shape conducting 

layer 122 functions as a capacitor wiring. 

20 A process of activating the impurity elements added m the respecrive island shape 
. 

semiconductor layers is then performed, with the aim of controlling conductivity type. 

Thermal annealing using an annealing furnace is perfonned for this process. In addition. 

laser annealing and rapid rhermal annealing {RT A) can also be applied. Th~rmal 

annealing is performed with an oxygen concentracion equal to or less rhan l ppm, 

25 preferably equal to or less than 0.1 ppm, in a nitrogen cnvironm.em c.1t 400 m 700°C, 

typically between 500 and 600°C. Heat treatment is performed for 4 hours at sso·:.c in 

Embodiment 1. However, for cases in which the wiring macerial used in che conducring 
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layers 119 co 123 is weak wich respect to heat, ic is prefernblt: m perform act:ivacinn afrer 

forming an interlayer insulating film (having silicon as its m.ain constituent) in order m 

protect the wirings and the like. 

In addition, heat treat:ment is performed for l to 12 hours at 300 to 450°C in an 

5 atmosphere containing berwet!n 3 and 100% hydrogen, performing hydrogenation of rhi.: 

island shape semiconductor Layers. This process i.s one of tenni.n.ating Jangling hon.d:s in 

the island shape semiconductor layers by hydrogen which is thermally excited. Plasma 

hydrogenation (using hydrogen excited by a plasm.a) may also be performed as another 

means of hydrogenation. 

LO A first interlayer insulating film 155 is formed next from a silicon nitride oxide film 

having a thickness of 100 to 200 nm. A second interlayer insulating fill'n 156 made from 

an organic insulating material is then formed on the first interlayer insulating film 155. 

Contact holes are then formed in the second interlayer insulating film 156 over the 

capacitor wiring 122 and over the source region 148 to expose a portion of the first 

15 interlayer insulating film. An intermediate wiring (electric power source supply lint:} 15 7 

is the formed so as to contact the first interlayer insulating film 155 through the contact 

hole above the capacitor wiring 122. (See Fig. 5A.} 

Next, a third interlayer insulating film 158 made from an organic insulating material 

is formed on the second interlayer iru;ulating film 156. 

20 Contact holes are then formed in the gate insulating film 106, the first inteday~r 

insulating film 155, and the second interlayer insulating film 156, and source wirings 159 

to 162 are formed so as to comactche source regions 147, 135. 136, and 148 through chi:: 

contact holes. Fl;lrther, drain wirings 163 to 165 are formed similarly contacting the drain 

regions 149, 139, 140, and 150. (See Fig. 5B.) The drain region 140 and the capacitor 

25 wiring 122 are electrically connected by the drain wiring 164. Further, the elecrric power 

source supply line (intennediate wiring) 157 and the source region 148 are ekctrically 

connected by the source wiring 162. 
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Note that it is preferable to form the contact holt!s by Jry etching using CF
4 

an1..{ 0~ 

when the gate insulating film 106, the first interlayer insulating film l55, and th~ second 

interlayer insulating film 156 are Si02 films orSiON films. Further, for cases in which the 

gate insulating film 156, the first interlayer insulating film 155, and the second interlayer 

5 insulating film 156 are organic resin films, it is preferable to form the contact holes hy dry 

erching using CHF4 or by BHF (buffered hydrogen fluoride, HF + NH.l}. In aJdition, 

if the gate insulating film 106, the first iru:erlayer insulating fi.lm 155 and the second 

interlayer insulating film 156 are formed by different: materials, it i.s preferable to change 

the method of etching and the etchant or etching gas type for each film. The rnnrnct 

10 holes may also be formed by using the same etching mi:thod anJ the same ccchant m 

etching gas. 

A storage capacitor 166 is formed in portions at which the first imerlayer insularing 

film 155 is formed contacting and between the capacitor wiring 122 and the electric 

power source supply line 15 7. 

15 A fourth interlayer insulating film 167 is formed next from an organic resin. 

Organic resins such as polyimide, polyamide, acrylic, and BCB (henzocyclobutend can 

be used. In particular, it is preferable to use acrylic, which has superior lt!veln~ss, bt!1.:<ltise 

the fourth interlayer insulai:ing film 167 is formed with a sm .. mg implication of kvding. 

An acrylic film is formed in Embodiment 1 at a film thickness ar which steps formt!d by 

20 the TFTs can be sufficiently leveled. The film thickness is preferably from 1 m 5 µm 

(more preferably between: .2 and 4 µm) . • 
A contact: hole for reaching rhe Jrain wiring 165 is tlmneJ next in the fourth 

interlayer insulating film 167, and a pixel electrode 168 is formed. An indium. oxkk rin 

oxide {ITO) fib~ is fo~ed with a thickness of 110 nm in Em.bo<limenr 1, and patterning 

Z5 is then performed, forming the pixel electrode 168- Further, a transparent conduccing 

film in which between Z and 20% zinc oxide (ZnO) is mixed with inJium oxide may alsn 

be used. The pixd electrode 168 becomes an anode of an EL d~menr. (S~t! Fi.u. jC.) 

iiiiiUf 
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A first bank 169 and a second bank 170 are formed next from a resin materic1l. Thi;! 

first bank 169 and the second bank 170 are formed in order ro separnte EL layers and 

cathodes, formed later, of adjacent pb:els. It is therefore pr~terahli:: that the second hank 

170 stick out farther horizomally than the first bank l69. Not\! that it ts preforahl~ that 

5 the combined thickness of rhe first bank 169 and the second bank 170 be made 1.m th~ 

order of l to 2 µm, but there are no limitations on this thickness provided that che EL 

layers and the cathodes formed later of adjacent pixels can be separated. Furtht!r:, it is 

necessary to form the first bank 169 and the second bank l 70 by an insulating film. anJ. 

it is therefore possible to use materials such as an oxide or a rl!:;in. for e:xampk. The fir~t 

10 bank 169 and the second bank 170 n1ay both be formed by the same material, and rhev 

may also be formed by different materials. The first bank 169 and the second bank 170 

are formed in srripe shapes between pixels. The first bank 169 and the si=cond bank 170 

may be formed on and along the source wirings (source signal lines). and may be form~d 

on and along the gate wirings (gate signal lines). Note char the first bank 169 and rh~ 

15 second bank l 70 may also be formed by a material in which a pigmt!nt is mixt!J. inm a 

resin. (See Fi.g. 6A.} 

An EL layer 171 and a cathode (MgAg electrode) 172 ai:e formed next in succession 

without exposure to the aunosphc::rc using vacuum evaporation.. Nute chat: 'Che film 

thickness of the EL layer 171 may be from 80 co 200 nm (typically between 100 nnd 120 

20 nmL and that the fihn thickness of the cathode 172 may be from 180 w 300 nm (rypic:ll!y 

between 200 and 250 nm). Note also that, although only one pixel is shown in 
• 

Embodiment l, an EL layer which emits red color light, an EL layer which ~mits green 

color light, and an EL layer which emits blue color light are formed at the same time at 

this poinc. 

25 The EL layers l 71 are formed in order for a pixel corresponding to the color rl:.J, a 

pixel corresponding to the color green, and a pixel corrc:sponding rn rh~ color blue::. 

However, the EL layers 17 L have scant resistance with respect to solutions, and rhel'dor~ 
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each color must be formed separately without using a photoli[hography techniqu~. fr b 

preferable to use a metal mask and cover the pixels mher than th~ desired pixd, and 

selectively form the EL layers 171 in only the required locations. 

Namely, first a mask is set so as to cover all of the pixels exct:pt for chose 

5 corresponding to the color red, and red color light,emicring EL layers are selectively 

formed using the mask. Next,· a mask is set so as to cover all of the pixels except fot" rhuse 

corresponding to the color green, and green color light,emitting EL layers are sd~ctivdy 

formed using the mask. Finally, a mask is set so as to cover all of the pixels except for 

chose corresponding to the color blu~. and blue color light-etnitting EL layers ar~ 

10 selectively fom1ed using the mask. Note that, although the use of all different masks is 

recorded here, the same mask may also be reused. Further. it is preferable to perform 

processing until all pixel EL layers are formed without releasing the vacuum. 

Note that a single layer structure composed of only a light,emitting layer is shl)wn 

in Embodimenr 1 for the EL layer l 71, but a strucrur~ having layers ::;uch as a hl)ll.! 

15 transporting layer, a hole injecting layer, an electron traruporring layer, and an electron 
, .. ·~ 

injecting layer in addition to the light,emitting layer may also be used for the EL layer. 

Various examples of these cypes of combinations have already been reported, and all such 

strucr.ures m~y be used. A known material can be used as the EL layer 1 71. Considering 

the EL driver voltage, it is preferable to use an organic macerial as the known marl!rial. 

20 The cathode 172 of the EL elemenc is formed next. An i::xample of using an MgAg 

electrode as the cathode 172 is shown in Embodiment l, but it i.s also possible muse mher 

known materials. 

An EL panel having a structure as shown in Fig. 6B is chus completed. Not~ that, 

after fanning rhe first bank 169 and the second bank 170, it Li; effective ro perform 

25 processing in succession without exposure to the atmosphere up thn mgh m the form mil in 

of the cathode 172 by using a multi,chamber method (or an in-line method) thin tllrn 

formation appararus. 
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In Embodiment 1, a source region 204, a drain rr.::gion 205, an Loff r~ginn 206, nr., 

Lov region 207, arid a channel forming region 208 are comainl!d in a st:!miconJuc tor la ~·\"!r 

of a switching TFT 201. The Loff region 206 is formed $0 as nm to overlap with [he gat~ 

electrode 116 through the gate insulating film 106. Further, the Lov region 207 is formed 

5 so as to overlap wit:h the gate electrode 121 through the gate insularing film. 106. This 

type of structure is extremely effective in reducing the l)ff currenr. 

Further, a single gate structure is used as the switching TFT 201 in Embodiment l, 

but rhe present invention may also have a double gate strucrure or anmher typt'! nf 

multi-gate structure for the switching TIT. Two TFTs are effectively connected in series 

10 by using che double gate structure, giving the advantage of additionally reducing che off 

current. 

Further, the switching TFT 201 is a.n n~channd TFT in EmhoJirnem 1. but a 

p~channel TFT may also be used. 

A semiconductor layer of an electric current control TFT 202 conrains a source 

15 region 210, a drain region 211, a!l .... Lov region 212t and a channel forming region 213. 

The Lov region 212 is fanned so as to overlap with the gate decrro<le 123 through th~ 

gare insulating film 106. Nore chat the eleccric current control TFT 202 does nm hav~ 
-

an Loff region in Embodiment 1, but a struccure having an Loff regi<.m 111ny also he 

used. 

20 Further, the electric current control TFr 202 is a p~channel TFT in Embodiment 

1. but it may also be an 9 .. channel TFT. 

Note that the EL panel of Embodiment 1 shows an ex~rcmely high reliability. an1.l 

itS operarional characteristics are also increased, by arranging optimally .structurt!d TFT 
. 

in not only che pixel portion, but also in the driver circuit portion. 

25 First, a TFT having a structure in which hot carrier injection ili reduced so as noc m 

have a very Large drop in operational speed is used as an n-channel TFT 203 of a CMOS 

circuit forming the driver circuit portion. Note that circuits such as a shifr rcgi:m::r, a 

11mm1nr 
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buffer, a level shifter, and a sampling circuit (sample and holJ circuic) are included as th~ 

driver circuits here. Signal conversion circuics such as a D/ A converter can also be 

included when performing digital drive. 

A semiconductor layer of the n·channel TFT 203 of rh~ CMOS circuit in 

5 Embodiment 1 contains a source region 221, a drain region 222, an Lov region 223, anLl 

a channel forming region 224. 

Furrher, it is not necessary co be concerned with the off current for che n·channd 

TFT 203, and importance may be placed more on the operation speed than the off 

current. The formation of the Lev region 223 ovedapping the gate electrode 120 ch.rough 

10 the gate insulating film 106 is therefore effective in increasing the op~rating speed because 

rhe resistance components are reduced as much as possible. 

Further, a semiconductor layer of a p·channel TFT 204 of the CMOS circuit 

contains a source region 231, a drain region 232, an Lov region 2.33> and a channel 

forming region 234. 

15 Note that, in practice, it is preferable to perfonn packaging (sealing) by a protecting 

film having high airtight characteristics and lit:de outgassing (such as a laminate film or 

an ulcraviolet hardened resin ftlm) or by a transparent sealir1g nrnterial after compk[ing 

up through to the processes of Fig. 68 so as co have n1.) exposure to the atmosphere. 

Further, if an inert gas is placed in the inside of the sealing material, and a drying age::nt 

20 (barium oxide, for example) is arranged on the inside of the sealing material. then the 

reliability of the EL element is increased. 
' 

Further, a connector (flexible printed circuit, FPC) is attached in order to connen 

the elements formed on the substrate, with terminals extended from the circuits, co 

external signal terminals after increasing the airtight characr:eri.stics in accordance wirh 

25 the packaging process or the like. A manufactured product is thus completed. TI1i.s type 

of deliverable state·is referred to as an EL display device throughout this spccitl.carion. 

The widths of the gate electrodes differ as scat:t!d abovt! \.vith the:: present invern:ion. 
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Therefore, it is possible to make the ion concentration within the semiconducrnr layers 

arranged under the first gate electrode less than t~ ion concemration within the 

semiconductor layers not arranged under the first gate electrode by utilizing the difforence 

in ion penetration depth, due to the differing gate electrode thicknesst!s, when p~ rformLn.~ 

5 ion injection using the gare electrodes as masks. 

Further, in order to form the Loff regions using a mask, only rhe width of th~ tl.r~r 

gate electrode and the width of the second gate electrode need ro be comrolled by 

etching. Control of the Loff region and Lov region positions becomes easier compared 

to the conventional examples. It therefore becomes easy m have precise pnsitkmal 

10 alignmem of the Lov regions and the Loff regions, and it becomes ~asy to manufactur~ 

TFTs having desired characteristics. 

Furthermore, thee lectric power source supply line, conventionally formed from rhe 

same film as the gate signal line or the source signal line, is fom1ed between the second 

interlayer insulating film and the third interlayer insulating film. The electric power 

15 source supply line can be fom1ed overlapping the gate signal line, and therefor~ the 

aperture ratio can be increased. 

r.Jote that although an example in which light emitted from the EL layer is l.lircctc:d 

toward the substrate is explained in Embodiment 1, the present invention is not limit~d 

to this, and a SLructure in which the lighc emirred from the EL layer is din:c.:ted above rhc 

20 substrate may also be used. In chis case, the cathode of the EL ele~em becomes the pixd 

electrode, and it is preferable that the electric current co1:1trol TFT be an n-channd 

TIT. 

[Embodiment 2] 

A top surface diagram of a pixel of an EL display device having two thin filrn 

25 tramistors is explained in Embodiment 2. 

A top surface diagram of an EL display device ofEmhodimem 2 is sht>wn in hg. I:-\. 
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Further, a circuit diagram of a pixel of che EL display device nf Embodiment 2 is sh~)wn 

in Fig. 7B. Reference numeral 501 denotes a source signal lint!, and reference numc::ral 

502 denotes a .gate signal line. A wiring 503 formed on th!:! gate signal line 502 is ;:.1n 

electric power source supply line, and overlaps with the gate signal Line 502. 

5 Reference numeral 504 denotes a switching TFT, and the switching TFT has a 

semiconductor layer 505. A portion of the gate signal line 502 is formed on the 

semiconductor layer 505 as a gate electrode. One of a source region and a drain r~gion 

of the semiconducror layer 505 is connected to rhe source: wiring 50 l. and rhe other is 

connected ro a capacitor wiring 511 by a drain wiring 510. The dectric power source 

10 supply line 503 is connected to a first interlayer insulating film (not shown in the figures) 

by a portion denoted by reference numeral 512, and a storage capaciror is formed by che 

electric power source supply line 503, the first interlayer insularing film, and rhe capacitor 

wiring 511. 

The capacitor wiring 511 is connected ro a gate electrode 506 of an dectric cLLrr<!nt 

15 control TFT 507. The electric current control TFT 507 has a semiconductor layer 508, 

a source region of the semiconductor layer 508 is connected to the electric power source 

supply line 503 th.rough a source wiring 531. and a drain region of the semiconducror 

layer 508 is connected to a pixel electrode 509. 

The electric power source supply line 503 is formed between a second intl:!rlayer 

20 insulating film and a third inrerlayerinsulatingfilm in the presenr invention. The eI~ctric 

power source supply line .can therefore be formed overlapping rhe gate signal line, and the 

aperture ratio can be increased. 

[Embodiment 3] 

An example of forming a capacitor wiring, a gat:e insulating film. and a 

25 semiconductor layer in addition co a structure formed by a sroragc capacitor, a capacimr 

wiring, a firsr interlayer insulating film, and an electric power source supply [in~ is 
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explained in Embodim.em 3. Nore that the same reference symbols are useJ fi.)r porriom; 

shown in Figs. 3A to 6B. 

Fig. 8 shows a cross sectional diagran1 of an EL display J~vice of EmboJim.e::nt 3. 

The EL display device of Embodimenc 3 differs from the EL display device shown by Fig. 

5 6B in that it has a semiconductor layer 600. Other srrucrures have already been 

explained in Embodiment: 1. Embodiment 1 may be referenced regarding a derailed 

structure of the EL display device of Embodiment 3, which is omitted here. 

The semiconducror layer 600 overlaps with a firsr capacitor wiring 122a and a 

second capacitor wiring 122b, sandwiching the gar.e insulating film 106. The: 

10 semiconductor layer 600 has a channel forming region 603, a first impurity region 602 

fornied so as to coma.ct an edge portion of the channel forming i:egion 603, and a second 

impurir:y region 601 formed so as to concact the first impurity region 602. The impurity 

concentration in the first impurity region 602 is lower than thi:: impurity concentration 

in the second impurity region 601. Further, the first itnpuricy region 602 overlaps with 

15 the first capacitor wiring 122a, sandw~ching the gate insulating film 106. 

Note that when the electric current control TFT 202 is a p-channel TFT as in 

Embodiment 3, it is preferable to add a p .. cype impurity element into the first impurity 

region 602 and the second impurity region 601. Conversely, it i.s preferable to add an 

n~type impurity elemem imo the first impuricy region 602 and rh1:: second impurity region 

20 601 for cases in which the electric current conrrol TFT 202 is an n·channd TFT. 

The second capacitor wiring 122b is electrically connected to the drain region 205 
• 

of the switching TFT 201 by the drain wiring 164. Further, ~he electric power source 

supply line 157 c~:mtaccs the first interlayer insulating film 155 on t:he second capacitor 

wiring 122b through the comact hole formed in the second interlayer insulating tUm lj6. 

25 In addition, the dectric power source supply line is connect~J. tO the source regiun t 48 

of the electric currem conrrol TFT 202 through the conract hole formed in Ehe gme 

insulating fllm 106, the first interlayer insulating film 155 and the second imerlay<::r 
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insulating film 156. 

The capacitance value of the smrage capacitor can be incn:ased in accordance wirh 

the structure of Embodiment 3. Note that light emitted from the EL Layer is din::cted 

toward the substrate in Embodiment 3, and cherefore the brighmess of rhe EL Ji.splay 

5 device becomes less due to a drop in the aperture ratio if ch: surfacl;! area of rhc smragc 

capacitor is increased. However, with rhe structure of Emhodirn~m 3, th~ srorng1:: 

capacitor formed by the capacitor wiring 122, the gare insularing film 106, anJ the 

semiconductor layer 600 overlaps with che storage capacitor
0

fonned by the electric power 

source supply line' 157. rhe n'{'St interlayer insulating film 155, and the capacitor wiring 

10 122, and therefore the capacitance value of the storage capacitor can be raised withom 

lowering rhe aperture ratio . 
. 

Note that although an exat'l.tple in which light emit:rcJ frorn the EL layer is dir~cred 

toward the substrate is explained in Embodiment 3, the present invention is nor limired 

to this. and a structure in which the light emitted from the EL layer is direcred above tht! 

15 substrate may also be used. In this case, the cathode of the EL element becomes rh~ pixel 

eleccrode, and it is preferable chat the electric current control TIT be an n-channd 

TFT. 

[Embodiment 4] 

An example of forming an elecrric power source supply line and a shielding film 

20 (black matrix) at the same time is explained in Embodiment 4. Note that the :;a1nc 

reference symbols are used for portions shown by Figs. 3A to 6B. 

Fig. 9 shows a cross sectional di~oram of an EL display device of Embodiment 4. 

The EL display device of Embodiment 4 differs from the EL display device shown by Fig. 

6B in rhat it has shielding films 157a to 157g. Note that oth~r scrucrures have already 

25 been explained in Embodiment l, and therefore Ernbodimem l may be referenced 

regarding a derailed structure Qf the EL display device of Emhodir1.\ent 4. which is omirred 
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here. 

The elecrric power source supply line 157 comacrs the firsr interlayer insulating film 

155 on the second capaciror wiring l22b through the contact hole forined in the St!corn..l 

interlayer insulating film 156. In addirion, the electric power S<Jurce supply line 157 is 

5 connected to the source region 148 of the electric currenc control TFT 202 through rlw 

contact hole formed in the gate insulating film 106, the first interlayer insulating film 155 

and the second interlayer insulating film 156. 

The shielding films 157a to 157g are formed on the second interlayer insulating tllm. 

at the same rime as the electric power source supply line 157. An increase in rhe t)ff 

IO current due to light from external to the EL display device, and light emitted from the EL 

elemenc, being injected to the channel forming regions of the TFTs can be preve.nted by 

forming the shielding films l 57a t:o 157g. 

Further, it is possible to form the shielding films 157a to 157g of Embodiment 4 ar 

the same time as the electric power source supply line 157, and an increase in the number 

15 of process steps is unnecessary. 

Note that it is very important in Embodiment 4 that the shidJing films 15 7 a w 15 7g 

and the electric power sourct! supply line 157 b~ fonned by a material through \.vhich it 

is difficult for light t0 pass. 

Although an example in which light emitted from the EL layer is directed toward 

20 the substrate is explained in Embodiment 4, the present invention is not limited m this, 

and a structure in which the light emitted from t:he EL layer· is directed above the 
f 

substrate may also be used. In this case, the cathode of the EL di:m.~nt becomes th1:: pixd 

electrode, and it is preferable that the electric current control TFT b~ an nrchanncl 

TFT. 

25 Note that it is possible to implemem Embodiment 4 in combination with 

Embodiment 3. 
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[Embodiment 5] 

An example of forming a light shielding film between a substrate and a 

semiconducmr layer of a TFT is explained in Embodim~nc 5. Note char thl.:! same 

reference symbols are used for portions shown by Fig~. 3 A rn 68. 

5 Fig. 10 shows a cross sectional diagram of an EL display d~vice of Emhodimcm 5. 

The EL display device of Embodiment 5 differs from the EL display device shown hy Fig. 

6B in that it has light shielding films 801 and 802. Note that other structures have 

already been explained inEmbodimenc 1, and therefore Embodiment l may be referenct::J 

regarding a detailed structure of the EL display device ofEmbodimem 5, which is mnirreJ 

10 here. 

The light shielding films 80 l and 802 are formed below the semiconducror layer l 04 

of the switching TFT and below the semiconductor layer 105 of the electric current 

control TFT in the EL display device of Embodiment 5. The light shielding films 801 and 

802 overlap with the channel forming region 208 of the semiconductor layer 104 ~)f th~ 

15 switching TIT, and with the channel forming region 213 of the semiconduccor lan:r L05 

of the electric. current control TFT, sandwiching an insulating film (an oxide film in 

Embodiment 5) 803. 

The Light shielding films 801 and 802 can shield light, an~f it is possible to llic any 

material provided that the material can withstand the heat treatment process 

20 temperatures of steps after the: light 11hidding films arc: formed. It i~ possiblt! to u.sc 

materials such as metals and silicon, through which light does nor easily pass, and W i:; 
• 

used in Embodiment 5. Note that it is preferable that the thickness of the light :>bidding 

films 801 and 802 be on the order of 0.1 to 0.5 µm. Further, it is preferable that the 

thickness of the ·oxide film 803 be on the order of 0.5 ro 1.5 µm. In addition. it is 

25 preferable that the distance between the light shielding films 801 and 802 an ... t rhe 

semiconductor layers 104 anJ 105 be on the order of 0. t w 0.5 µm .. 

Not!! thac, although rhe light shielding film is only formed LmJer i:he TFTs r~mn~J 
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in the pixel portion in Embodiment 5, Embodiment 5 is nor Limited co this struc cure. Th~ 

light shielding films may also similarly be formed under th~ TFTs of the driver circuits. 

An increase in the TFT off current due to light injt!cced from under tht! subsrraci:: 

to the channel forming regions is prevented in accordance with rhe above structure in 

5 Embodiment 5. 

If the oxide film 803 does not have a leveled surface, then a problem c.'X:curs in which 

the semiconductor layers formed on top of the oxide film 803 are not ttnifonn[y 

crystallized during crysrallization. The-semiconductor layers are formed directly on th~ 

oxide film 803, and therefore it is preferable co levd the surface of the oxide film 803 

10 before forming the semiconducror layers. 

For example, the oxide 6.lm 803 may be leveled by CMP (chemical mechanical 

polishing). CMP can be performed using a known method. 

Polishing using a mixture of silica gel and an electrolytic solution is performed in 

Embodiment 5. Polishing is performed in the electrolytic solution by applying a pressure 

15 of 100 kg/cm2 to a polishing pad. The pressure during polishing can be selectt:!d frorn 

within the range of 50 to 150 kg/cm1
. Further, polishing is perfom1ed with a gap of 0.1 

µm between the surface being polished and the polishing pad. 

The TFT off current can be suppressed and non .. unifom1ities in the. crysmlhniry nf 

the semiconducror layers con be prevented in accordance with th~ above structure. 

20 Although an example in which light emitted from the EL h1)1er is directed m"varJ 

the substrate is explained in Embodiment 5, the present invenrion is not limited ro rhis, • 

and a structure in which the light emitted from the EL layer is directed above rhc 

substrate may also be used. In this case, the cathode of the EL element becomes the pLxel 

electrode, and it is pr~ferable 1:.hat the electric current c~)ntrol TFT be an n,channd 

25 TFT. 

Nore that it is possible to implemenr EmboJim.ent 5 in combination wirh 

Embodiment 3 and Embodimenr 4. 
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[Embodiment 6] 

An example of fom~ing a gare signal line after forrn.ing a sourcit signal lin1.: is 

explained in Embodiment 6. 

Fig." l lA shows a top surface diagram of an EL display device of Embodiment 6. 

5 Note that Fig. l IB is a cross sectional diagram of Fig. 1 lA cut along the line A·A' _ 

Reference numeral 901 denotes a source signal line, and reference numeral 902 Lkm.m:!S 

a gate signal line. A wiring 903 formed under the gate signal lin~ 902 is an d~crric pL)W1.:r 

source supply line, and the wiring 903 overlaps with the gate signal line 902, sandwiching 

an insulating film. 

10 Reference numeral 904 denotes a switching TFT, ari.d the switching TFT 904 has 

a semiconductor layer 905. A gare electrode 9ZO connected to the gare signal line 902 

i.s formed on the semiconductor layer 905. One of a source region and a drain regiLm ~)f 

the semiconductor layer 905 is connected to the source ::>ignal lin~ 90 l by a s<.mrc~ wiring 

921, and the other is connected to a capacitor wiring 911 by a drain wiring 910. Th~ 

15 electric power source supply line 903 contacts a fust interlay~r insulating film 923 by a 

portion denoted by reference numeral 912, and a storage capacitor is formed by the 

electric power source supply line 903, the first interlayer insulating film 923, and tht: 

capacitor wiring 911. 

The capacitor wiring 911 is connected to a gate electrode 906 of an electric current 

20 control TFT 907. The electric current control TFT 907 has a :st:miconductoi: layer 90S, 

and a source region of the semiconductor layer 908 is connected.to the electric powe-r 

source supply line 903 through a source wiring 93 l, and a drain region of the 

semiconductor layer 908 i5 connected to a pixel electrode 909. 

The electric po~er source supply line 903 is fonneJ betwi:en a ~econd intlO!dayer 

25 insulating film 924 and a third interlayer insulating film 925 wirb. the present invention. 

The electric power source supply line can thus be formed overlapping with rhe gat~ sign.al 

line, and the aperture ratio can therefore be increased. 
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[Embodiment 7] 

In this embodiment, an example will be described in which a crystalline 

semiconductor film used as semiconductor layers in the embodit'l\ent mode is formed by 

a thermal crystallization method using a catalytic elemenc. In the case of using a cacalyric 

5 element, it is preferable co use technologies disclosed in Japanese Patent Laid~Op1;:n No. 

7·130652 and Japanese Patent Laid·Open No. 8· 78329. 

Here, an example will be described in Figs. 12A and 12B in which the technolo~,i-y 

disclosed in Japanese Patent Laid-Open No. 7 -13065 2 is applied to the present invemion. 

First, a silicon oxide film 1202 was formed on a substrate 120 l and then an amorphous 

10 silicon film 1203 was formed thereon. Further, a nickel acetate solution containing 10 

ppm by weight of nickel was applied thereon to form a nickel~containing layer 1204 (see 

Fig. 12A). 

Next, the substrate was subjected to dehydrogenation at 500°C for one hour and 

then was subjected to a heat treatment at 500°C to 650°C for 4 hours to 12 hours (in the 

15 present preferred embodiment, at 550°C for 8 hours) to form a crystalline silicon film 

1205. The crystalline silicon film 1205 fonned in this manner had a very excellent 

crystalline property (see Fig. 12B). 

Also, the technology disclosed in Japanese Patent LaidrOpen No. 8~78329 makc:s 

it possible to crystallize an amorphous semiconductor film selectivdy by doping a co.talytic 

20 element selectively. An example in which dlis technology was applied t:o rhe present 

invention will be described with reference to figs. 13A and 13B. · 

First, a silicon oxicte film 1302 was formed on a glass substrate 1301 and then an 

amorphous silicon film 1303 and a silicon oxide film 1304 were fom1ed in sequenct: 

rhereon. At chat time,. the thickness of the silicon oxide fllm 1304 is m.ade 150 nm. 

25 Next, the silicon oxide film 1304 was patterned to form apertures 1305 sekctivdy 

and then a nickel acetate solution containing 10 ppm by weighr of nickel was n.pplied 

thereon to form a nickd1 conraining layer 1306 and the nickel containing layer 1306 was 
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brought into contact with tht! amorphous silicon film. 1302 only at tht! botmm. llf (h~ 

aperture 1305 (see Fig. 13 A). 

Next, the substrate was subjected ro a heat treatmenr at 500°C co 650°C for 4 hours 

to 24 hours (in the present preferred embodiment, at 570°C for 14 hours) to forn.1 a 

5 crystalline silicon film 1307. In this crystallization proc~ss, a part of the amorphoL1:; :;ilicon 

film in contact with nickel was first crystallized and then crystallization proce~deJ in the 

lateral direcrion. The crystalline silicon film 1307 formed in this way formed a crystalline 

texture including rod·shaped or needle-shaped crystals and each crystal thereof grew 

macroscopically in a specific direction and hence was uniform in crystalline properry, 

10 which is an advantage of this crystalline silicon film 1307. {Sl!e Fi.g. 13B) 

In this respect, in the cwo technologies describeJ ahuve, rht: following caralyric 

elements may be used in addition to nickel (Ni): germanium (Ge), iron (Fe), palladium 

(Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pr)i copper (Cu), and gold (Au). 

The semiconductor layer of the crystalline TFT can be formed by forming a 

15 crystalline semiconductor film (including a crystalline silicon film, a crysralline silicon 

germanium film, or the like) and then by patterning it. Th~ TFT made of a crystalline 

semiconductor film by using the technology of the present preforred embodimem can 

produce an excellent characteristic and hence. hos been required to be of high rcliabiliry. 

However, the adoption·of the TFT structure in accordance with the present invention 

20 can produce a TFT making rhe most use of the technology of the present preferred 

embodiment. 
• 

In this embodiment, a method in which a crystallin1:: scrniconJuctor film was fonncJ. 

by using an amorphous semiconductor film as a starting film, and by using the above 

described catalytic element and then the catalytic element was removed from the 

25 crystalline semiconductor filn'l, will be described as a method of fom1ing thc 

semiconductor layers used in rhe embodiment l. In the prcsenr preferred embo1.lirncnt 

7, rh.e technologies disclosed in Japanese Patent Laid-Opt:n No. 10- l 35468 or Japi.mc:;o;: 
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Patent Laid .. Open No. 10-135469 were used as the method. 

The technology disclosed in the above references is the one removing a camlytic 

element used for the cryscallizationof an amorphous semiconJuci::or film by rhe g~tt~ring 

action of phosphorus after the crystallization. The concentration of th~ catalytic ekmen.t 

5 in che crystalline semiconductor film can be reduced to l x 101
; acon1:;/cm3 or less. rnore 

preferably, 1 x 1016 atoms/cm3 or less, by using this technology. 

The constitution of the present preferred embodin1em will be described with 

reference to Figs. 14A and 14B. Here, a nonalkali glass substrate, typically, c:i 1737 

substrate made by Corning Corp .. was used. Fig. 14A shows a srnre in which an 

10 undedayer film 1402 and a crystalline silicon film 1403 w~r~ fom1ed by using the 

technology of crystallization described in the embodimem 4. Then, a silicon oxide film 

1404 for masking was formed on the surface of the crystalline silicon film 1403 i:o a 

thickness of 150 nm and then apertures were formed by patterning co form regions 

exposing the crystalline silicon film 1403. Then, a phosphorus addition process was 

15 performed to fonn the regions 1405 to which phosphorus was added in the crystalline 

silicon film. 

The substrate in this state was subjected rn a heat treatment in a nirrngen 

atmosphere at 550°C to 800°C for 5 hours to 24 hours (in the embodiment, at 600°C for 

12 hours), whereby dl.e region 1405 to which the phosphorus was aJd~d acted Lm the 

20 crystalline silicon film 1403 as a gettering site to move catalytic elements remaining in the · 

crystalline silicon film 1403 to the regions 1405 to which the phosphorus was add~d. 

Then, the silicon oxide film 1404 for masking and the region 1405 to which th<:: 

phosphorus was ~dded were removed by etching to form a crysralline silicon film in w hie h 

the concentration of che caralytic element used in the crystallization process was reJ.uc~J 

25 t0 1 x iot• atoms/cm3 or less. This crystalline silicon film could be used as it, was as th~ 

semiconductor layer of the TFT in accordance with the present invention describe,.{ in 

i::he embodiment mode. 
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[Embodiment 8] 

An example of fabricating an EL (Electroluminescence} di.splay device usinu ·the 
I:> 

present invention will be explained in embodiment 8. Not\! char Fig. lSA is a mp view 

of an EL display device using the present invention, and Fig. 15B is a cro:is sectional view 

5 thereof. 

In Fig. 15A and Fig. 15B, reference numeral 4001 denotes a substrate, 4002 denotes 

a pixel portiont 4003 denotes a source side driving circuit, 4004 denotes a gate side 

driving circuit. The driving circuits are connected to external equipment, through an FPC 

(flexible printed circuit) 4006 via a wiring 4005. 

10 At this time, a first sealing material 410 l, a covering material 4102. a filer marerial 

4103 and a second sealing material 4104 are provided so as to enclose the pixel portion 

4002, source side driving circuit 4003, and gate side driving circuit 4004. 

A cross sectional diagram of Fig. 15A cut along the line A .. A' is shown in Fig. lSB. 

On the substrate 4001, a driver circuit TFT 4201 incluJed in the source side JL"iving 

15 circuit 4003 (an n,channel TFT and a p,channel TFT are shown here) and a currem: 

controlling TFT 4202 included in the pixel ponion 4002 (a TFT for controlling the 

current flowing to an EL element is shown here) are formed. 

In this embodiment, the driver circuit TFT 4201 is fabricate~ using p,channd TFT 

or n .. channel TFT formirig by a know~ method, and rhe current controlling TFT 4202 

20 is fabricated using p .. channd TFT fomling by a known m~thod. Fun:her, Eh~ :.l1..irng~ 

capi:lcitor (not shown in the figure) connected to the gate of rhe current: controlling TIT 

4202 is provided in the pixel portion 4002. 

An interlayer insulating film (leveling film) 4301 made from a resin m.arerial is 

formed on the dri~er circuit TFT 4 20 I and the currem conrrolling TFT 4 202, and a pixd 

electrode (anode) 4302 elecrrically connecred to a drain of the current contmllin.~ TFT 

4202 thereon. The pixel electrode 4302 is formed from a transparent conductive film 

having large work function. As [he transparent conductive film, an indium oxidt: and cin 
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oxide compound or an indium oxide and zinc oxide cornpound can be utilized. Further, 

the above mentioned transparent conductive film with which is doped gallium can also 

be used. 

Then, an insulating film 4303 is formed on the pixel electrode 4 302, and an opening 

5 portion is formed on the pixel electrode 4302. At rhe opening porrio11, an EL 

(Electroluminescence) layer 4304 is formed on the pixd electrode 4302. A kn.~lwn 

organic EL material or inorganic EL material is used as tht: EL layer 4304. Both of low 

molecular type (monomer based) organic EL materials and high molt:cular rype (polymt!r 

based) organic EL materials can be used as the organic materials. 

10 A known technique of evaporarion merhod or painting method may be used w fom1 

the EL layeJ: 4304. The EL layer may have a lamination structure by fredy combining a 

hole injecting layer, a hole transporting layer, a light emirting layer, an electron 

rransporting layer, and an electron injecting layer, or a single layer structure. 

On the EL layer 4304, a cathode 4305 made of a conductive film having a 

15 lighr .. shielding property (t:ypically1 a conductive film comprising aluminum, cupper, or 

silver as a main component, or a lamination film of those and orher conductive film) is 

formed. It is preferable co remove as much as possible any moisture or oxygen exisring in 

the interface between rhe cathode 4305 and the EL layer 4304. It is therefore necessary 

to use a method of.depositing continuously Lhe cathode 4305 and the EL layer 4304 in 

20 vacuum or depositing the EL layer 4304 in an atmosphere of ni~rogen or in a rare gas 

anuosphere, thereby a cathode 4 305 is formed without exposing to oxygen and moisture. 

The above film deposition becomes possible in embodiment 8 by using a multi,chamber 

method (cluster.tool method) film deposition apparatus. 

Then, the cathode 4305 is electrically connected to rhe wiring 4005 in rhe n::gion 

25 denoted by reference numeral 4306. The wiring 4005 for imparting a prcJcn::rmineJ 

voltage to the cathode 4305 is connected to the FPC 4006 rhrough an anisotropic 

conducting film 4 307. 
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As mentioned above, an ELdi=ment is made from the pixddl'!ctrode (anuJe} 4302. 

the EL layer 4304 and the cathode 4305. The EL element is enclosed with a covt'.rinu 
I:'> 

material 4102 which is laminated with the substtate 4001 through a first sealing material 

4101 and a first sealing material 4101, and sealed with a filer material 4103. 

5 Materials such as a glass material, a metal material (typically, a stainless steel plat~), 

a ceramic material, and a plastic material (including a plastic film) can b~ ust!d ::i.s rhc 

covering material 4102. As a plastic material, an FRP (fiberglass-reinforced plastic} 

material, a PVF (polyvinyl fluoride} film, a Mylar film, a polyester film, and an acrylic film. 

can be used. It is preferable to use a sheet structure in which aluminum foil is sandwichi::J 

10 by a PVF film or a Mylar film. 

Note that, for a case in which rhe emission direction of lighr l;'!ntitt~J ti-om the EL 

element is directed to the covering marerial side, it is nec~ssary for che covering material 

m possess transparency. In the case, a transparem material such as a glass plate, a plasric 

plate, a polyester film or an acrylic film can be used. 

15 Additionally, a filler material 4103 is formed using ultraviolet curing resin or 

thermally curable resin. PVC (polyvinylchloride:), acrylic, polyimide, epoxy resin, silicon~ 

r~sin, PVB (polyvinyl butyral), and EVA (ethylene vinyl ClCl!tate) can ht! U:>t:d as thi:: tHler 

material. If a dry_ing agent (preferably, barium oxide) is formed on rhc inside l)f rhe filler 

material 4103, then it can suppress the degradation of the EL element. 

20 Further, spacer may be contained in t:he filler material 4103. At this timt!, the spacer 

is formed by using barium oxide, thereby the spacer itself has a hygroscopic property . 
• 

Further, in the case of providing the spacer, it is effecrive char a resin fi.lm is provided l>l'l 

the cathode 43q5 as a buffer layer for relaxarion of pressure from the spacer. 

Further,_ the wiring 4005 is electrically connected to rhe FPC 4006 via the 

25 anisotropic conductive film 4307. The wiring 4005 transmits signals forwarding the pixel 

portion 4002, source side driving circuit 4003 and gate side driving circuit 4004 tt) th~ 

FPC 4006 and are electrically connected to external equipment through the f PC 
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4006. 

Also, in the present embodimentt a second sealing material 4104 is provided co 

cover an exposure portion of rhe first sealing material 410 l and portion of the:: FPC 4006 

to obtain the structure in which the EL el~ment is completely shut out from che oursidt:. 

5 In this way, the EL display device has a cross sectional structure shown in Fig. lSB. 

[Embodiment 9] 

The EL display device of the present invemion can have the structure which 

provides any TFTs in the pixel. It is possible to provides l to 6 TFTs or mnre. The 

10 present invention can perform not limited ro the pixel strucrure of the EL ~isplay 

device. 

[Embodiment 10 J 

A driver portion of an EL display device of the present invention is explained in 

Embodiment 10 using Fig. 18. 

15 An example of a block diagram of the EL display device of the present invention is 

shown in Fig. 18. The EL display device of Fig. 18 has, in accordance with TFTs fom1ed 

on a substrate, a pixel portion 1601, and a source signal line driver-circuit 1602 and a gace 

signal line driver circuit 1603 formed in the periphery of rhe pixel portion. Nore rhat the· 

EL display device of Embodiment 10 has one each of the source signal line drivt:r circuit 

20 and the gate signal line driver circuit, bur rhere are no limits on ·rh~ number of source 

signal line driver circuits and gate signal line driver circuitS in the present invention. 

The source signal line driver circuit 1602 basically has a shift register 1602a, a larch 

(A) 160Zb, and a latch.(B) 1602c. 

A clock signal CLK and a start pulse SP are input ro rhe shift regisrer 1602a in the 

25 source signal line driver circuit 1602. The shift register 1602a gt!nerates timing signals in 

orde::r based upon the clock signal CLK and the start pulse SP. and th~ timing signals are 
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supplied one after anorher to downstream circuirs. 

The timing signals from the shift register circuit 1602a rnay be buffer amplified by 

a circuit such as a buffer (nm shown in the figure). The Load capacitance (parasicic 

capacitance) of a wiring which supplies the timing signals is laxge because many of rhe 

5 circuits and elements are connected to the wiring. The buffer is formed in order to 

prevent dullness in the rise and fall of the timing signal. generated due to the large load 

capacitance. 

The riming signals buffer amplified by a buffer from the shift register 1602a are 

supplied to the latch (A) l602b. The latch (A) 160Zb has a pluraliry of latch srnges for 

10 processingdigiraldatasignalscontainingimage information. The larch (A) 1602b writes 

in and maintains a digital dara signal simultaneously wirh the input of the timing 

signal. 

Nore rhat the digital data signal may also be input in order to the plurality of Latch 

stages of the latch (A) I602b when writing in the digital data si&'Ilal ro the latch(A) 

15 160Zb. However, the present invention is not Lim.iced m chis structure. The pluralicy of 

latch stages of the latch (A) 1602b may be divided imo a number of groups, and che 

digiral data signal may be input to the respective groups ar the same time in parallel, 

performing so .. called partitioned driving. The number of groups at this time is called the 

partitioned number. For example, this is referred to as partidoned drive with '-l divisions 

20 when the larches are divided into groups every four stag~s. 

A period until the digital data signal is completely writren into all of rhe lmch srage::; 

of the latch (A) 1602b is referred ro as a line period. Namely, rhe line period begins ac 

the point when the digital data signal is written into the leftmost stage latch within the 

latch (A} 1602b, and is completed when the digital data signal is wrinen imo rhe 

25 rightmost srage latch. In practice, there are times when che line period include::~ the 

addition of a horizoncal return period to the above line peri()Lt. 

A latch signal is supplied to the larch (B) 1602c when one line period is compl~r~. 
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The digital data signal written into and scored in the latch (A) 1602b is sent all ac one~ 

at this instant to the larch (B) 1602c, and is written intn all nf che srcwe:: larch~:; of rhe ,.., 

lacch (B) 1602c, and stored. 

Write,in of the digital data signal is again performed, in order, to the latch (A) 

5 1602b after it has completed sending the digital data signal to the latch (B) 1602c, based 

on the timing signal from the shift register 1602a. 

The digital data signal written into and stored in che larch (B) 1602b is input w 
-~ """:·: 

source signal lines during the second one line period. 

An image is display in the pixel portion in accordance with the digital daca signal 

10 input co the source signal lines. 

[Embodiment 11 J 

The first etching process for forming the first shape conducting layers is perform~d 

at one set of etching conditions in Embodiment 11 but may also be perfom1ed under a 

plurality of etching conditions in order t? increase the unifonuity in the film reduction 

15 and the shape of the gate insulating film. An example of forming a fust shape conducting 

layer by performing the first etching process under two etching conditions is shown in 

Embodimenr 11. 

Further, borh sides of the conducting layer are formt:d. so as co have a raper, o.nJ 

LDD regions are formed in both side of che channel forming reiPon, with the present 

20 invention, bur Embodiment 11 is explained in accordance with a process of 

manufacruring1 using enlarged diagrams of one side of the vicinity of a conducting layer 

in an nrchannel TFT of a driver circuit in Figs. 19A ro 190. ·Note that, for simplicity, a 

base film and a subsrrace are not shown in the figures. 

First, the same state as that of Fig. 3B is obtained in accordance with Embodiment 

25 1. However, although Ta is used as the first conducting film in Embod.imem 1. Ta:'.\!, 

which has extremely high heat resistance characteristics, is used in Embodiment 11 as the 
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first conducting film. The first conducting film is formed having a film rhicknes:s of 20 to 

100 nm, and the second conducting film may be formed wir:h a film thickness betwc~n 

100 and 400 nm. A first conducting film made from TaN wirh a film thickness of 30 nm, 

and a second conducting film made from W having a film chickness of 370 nm are 

5 laminated and formed in Embodiment 11. 

A first shape mask 1505a is formed next fmin resist, etching is performed by ICP. 

and a first shape second conducting layer 1504a is form~d. A mi.xt::d gas ofCF4, Cl=, and 

0 2 is used as an etching gas having high selectivity wirh respi::ct to TaN h~rc:, and 

therefore the state shown in Fig. 19A can be obtained. Several etching condirions1 and. 

10 their relationship to the etching rate of rhe second conducting layer (W), che etching rare 

of the first conducting layer (TaN}, and the taper angle of the second conducting layer 

(W) are shown in Table 1. 

[Table 1] 

Note that a taper angle indicates the angle formed between a horizontal plane and 

15 a side face of a material layer in this specifl.catiotl, as shown in the upper right diagram of 

Fig. 19A. Further, for convenience, the side face of a shape having a raper angle is 

referred to as a taper, and a portion having the taper is reforred ro as a tapered portion 

throughout this specification. 

Further, the angle formed between a horizontal plane and the side face of i:he second 

20 conducting layer (W) (a taper angle a l) can be freely set with a range of 19 to 70° hy 

using one of the conditions 4 to 15 within Table 1, for example. Note that the etching 

rime may be suitable set by ~he operator. 

Furrher, reference nurrieral 1501 in Fig. 19A denotes a semiconducror lay~r. 

reference numeral 1502 denotes a gate insulating film, and reference numeral 1503 

25 denotes a first conducting film. 
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Etching is performed next with a second set of t:::tching conditions with .thl:! mask 

1505a left in place as is, forming a fi.rst shape first conducting layer 1503a. Note th~t the 

gate insulating film 1502 is also somewhat etched when performing etching under the 

second set of etching conditions, becoming a first shape gate insulating film 1502a. A 

5 mixed gas made from CF4 and Cl1 is used here as the etching gas under the second ::;et of 

etching conditions. Any of rhe conditions 1 ro 3 of Tnble:: l, for examplt!, may he used as 

rhe second set of etching conditions. Film reduction of the gate insulating film 1502 can 

thus be suppressed by performing the first etching process at two sets of etching 

conditions. (See Fig. 198.) 

10 Note char the first shape second conducting layer 1504a in Fig. 19B is also ecch~d 

somewhat when performing etching Uf!..der the second St=t L)f ecching cnndit:ions, hue the 

amount is microscopic (approximately 0.15 µm, namely 0.3 µm of che overall line width), 

and therefore it is shown in the figure as having the same shape as in Fig. 19 A. 

A second etching process is performed next with the mask lSOSa left in place as is, 

15 and a second shape conducting layer shown in Fig. l 9C is obtain~d. Etching is performed 

under etching conditions using a mixed gas made from CF. •• Cl:;. and 0 2 as rh~ sernnJ 

etching process in Embodiment 11. Any of the conditions 4 m 15 uf Table l m.ay he used 

for the etching condiciou.~ here, and the erching ti.m.e may be suitably dcc:erm.ined. 

Further, the width of each conducting layer in the channel longitudinal direction can be 

20 freely set in accordance with the etching conditions. A second shape mask 1505b, a 

second shape first condqcc:ing layer 1503b, a second shape second conducting layer l 504b. 

and a second shape gate insularing film 1502b are fi.)rmed by che s~conJ etching 

process. 

Note thatthesec~ndshape first conducting layer 1503bcorresponds t:o che firscgnk 

25 electrode, and that the second shape second conducting layer 1504b corresponds co the 

second gate electrode in Embodiment: 1 L 

A raper angl~ ct 2, which is larger than the taper angle a l, is formt:J in th<: .st:cund 
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shape second conducting layer 1504b, and an extrem.ely small taper angle ~ is fomu~d in 

the second shape first conducting layer 1503b. 

A first doping process is performed next with the mask l 505b left in place as is. (St!t: 

Fig. 19C.) N-type conductivity imparting phosphorous is added to the setn.icc.m1..lucmr 

5 layer 1501 here using ion doping with the second shape second conducting lay~r lj04h 

as a mask. Further, the first doping process is performed in a sta[e in which rht: rnask 

1505b remaining as is here, but the first doping process may also be performed afrer 

removing the mask 1505b. 

Impurity regions 150la and 150lb are formed in accordance with the first doping 

10 process. Further, the semiconductor layer overlapping the second conducting ·layt:r, 

sandwiching the gate insulating film and rhe first conducting layer, becomes a channel 

forming region. Note t:har, although not shown in the figures, rhe impurity regions 150 la 

and 150lb are formed on both sides of the channel forming region, and have linear 

symmetry. 

15 Further, the ion introduction depth in doping becom~s shallower rhe thicker [he 

film thickness of the material layer arranged over the semiconduccor layer becmnl!s. 

Therefore, the impurity region ISOla which overlaps with the firsr conducting layer. 

sandwiching the gate insulating film, namely a first LDD region (Lov region) is influenced 

by the tapered portion having the sidewall wich Ult! taper angle p, and rhe concenr:rntion 

ZO of the impurity element added within the semiconductor layer c_hanges. The impuriry 

element concent:ration decreases rhe thicker the film thickness becomes, and the impurity 

element: concentration increases the thinner the film rhickncss becomes. 

Further, there are also cases in which a tapered portion is form.ed in the gate 

insulacing film in accordance with the etching conditions when performing i:he second 

etching process. The semiconductor layer is also influenced by this capered porcion. in 

such cases, and the concentration of the impurity dernent added within the 

semiconductor film changes. 

60 



On the other hand, the film thickness of the gate insulating film is nearly Cl)n:mmc 

in the impurity region 150 lb which does nor overlap with th~ first conducting lay~r. and 

the second LOO region (Loff region) 1 and therefore the in.lpurity conc~ncration is nl::.1rly 

constant. 

5 Although not shown in the figures, a resist mask is formed next. covering a pmtion 

of the switching TFT. The length of the Loff tegion in the switching TFT is dererm.\ned 

here by controlling the size of the resist mask. 

A second doping process is performed next. An impurity element which impans a 

one conductivity type ro a semiconductor. n~t)lpe conductivity imparting phm;phnrus, b 

10 added here to the semiconductor layer 1501 using i.on doping with tht: second shap~ first 

conducting Layer 1503b and the second shape second conducting layer 1504b as masks. 

The second doping process performs doping of a higher concentration than in the first 

doping process, and impurity regions 150lc and lSOld are formed. 

In addition to the impuritY concentration added by the first: doping prncl:!S::i, the 

15 impurity region 150 ld, namdy a source region or a drain region, becomes even more high 

· concentration in accordance with the second doping process. 

Funher, the impurity region 150 le is not doped because it overlaps with the first 

conducting layer, and it has the identical concentration distribution as the impuriry region 

150ta: The impurity region lSOlc is therefore also a first LDD region. How~ver, iL 

20 becomes further high concencration depending upon i:h~ doping conditions. hi that case, 

it is .influenced by the tapered portion having a sidewall with a taper angle ~ in the second 
• 

doping process, similar to the first doping processt and the impurity is added wh:hin rhe 

semiconductor l~yer. 

On t:he other hand, only regions of the switching TFT noc covered by [he rcsis[ 

25 mask are doped, forming source regions or drain regions. Further. the second LDD region 

lSOlb, which is covered by the resist mask and does noc overlap wit:h the conducting 

layer, remains as is. 
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The resist mask of the swicching TFT is removeJ next. 

The EL panel of Fig. 68 may be manufactured by performing subsequent proc~:;sini:: 

in accordance with the processes of Embodiment l from Fig. 4C onward. 

The driver circuit n~channel TFT and the switching TFT are thus separarely maJe 

5 in accordance with the above method. 

The driver circuit n-channel TIT is prepared with: a channel forming n.:gion 

overlapping with a second conducting layer, sandwiching a gace insulating film; first LD D 

regions on bm:h sides of the channel forming region; and sourc~ regions or drain region::> 

contacting the first LDD regions. The switching TFT is prepared with: a channel 

10 forming region overlapping a second conducting layer, sandwiching a gate insulating film; 

first LDD regions on both sides of the channel forming region; second LDD regions 

conracting the first LDD regions; and source regions or drain regions contacting the 

second LDD regions. 

Further, the first LDD regions overlapping the first conducting layer, san1.lwiching 

15 the gate insulating film, have an impurity element concentration distribution which 

increases as distance from rhe channel forming region increases. Nore that the impurity 

concentration in rhe first LDD region contains a region having a concentration gradient 

in a range of ar least lxl017 to lxl018 atoms/cm3
• Provided char ·the LDD r~gion has this 

type of continuous concentration distctbudon, il is t:ffc:ctivc in lowering t:he off curr~nt. 

20 Further, reliability increases the longer the length in the channel longitudinal direction 

in the first LDD region becomes . 
• 

In practice, the boron included in the regions 149 to 152 with respect co a boron 

doping process (see Fig. 4C) in the electric current comrol TFT is also influenced by the 

thickness of the firsr conducting layer in which a taper is positiori.eJ on the semiconduc cor 

25 layer similar to the first doping process, and the concemracion of the impurity dt:ment 

added within the impurity region changes. The impurity concentration is reJuc~d t:hl;! 

thicker the film thickness becomes, and the impurity concentration increases che thinner 
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rhe film thickness becomes. 

Note that it is possible co freely combine Embodime::nr 11 wirh any of EmboJim~ms 

1to10. 

Furthermore, the selectiviry with the gate insulating film 1502 is extremely high 

5 when the etching gas of Embodiment 11 (gas mixture of CF 4 and Cl2) is substitut~J by a 

gas mixture ofSF6 and Cl~, or when rhe gas mixture ofCF.p Cl~, anJ O! is substirurcd hr 

a gas mixture of SF6, C12, and 0 2, and therefor~ the:: tllm r~Juction can be aJi.litionally 

suppressed. 

[Embodiment 12] 

10 By using an EL material in which phosphorescence from a trip lee st:ate excitation can 

be ucilized in light emission in the present invention, t:ht: external light emission quamum 

efficiency can be increased by a large amount. By doing so, ir become::; possible w make 

the EL element into a low power consumption, long life, and low weight. 

A report of utilizing triplet state excitations and increasing the external light 

15 emission quantum efficiency are shown in the following paper. Tsucsui, T., Adachi, C.. 

and Saito, S.1 Photochemical Processes in Organized Molecular Sysrems, Ed. Honda, K., 

Elsevier Sci. Pub., Tokyo, 1991, p. 437. 

The molecular formula of the EL material (coumarinpigment) r~ported in the abnve 

paper is shown below. 

20 [Chem 1] 

Baldo, M.A., G'Brien, D. F., You, Y., Shousrikov, A., Sihlt!y, S., Thompson, M. E., 

and Forrest, S. R., Nature 395 (1998) p. 151. 

The molecular formul.a of the EL material {Pt complex) reported in the abovt: papt!r 

is shown below. 
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[Chem 2] 

J?aldo, M. A., Lamansky, S., Burrows, P. E., Thompson, M. E., and Forrest, S. R., 

Appl. Phys. Lett., 75 (1999) p. 4, and Tsutsui, T., Yang, M.J., Yahiro, M., Nakamura, K., 

Watanabe, TG .• Tsuji, T., Fukuda, Y., Wakimoto, T., and Maynguchi, S., japan Appl. 

5 Phys., 38 {12B) 1999, L1502. 

The molecular formula of the EL material (Ir complex) reported in the above paper 

is shown below. 

[Chem 3] 

Provided that the phosphorescence emission from triplet state excitations can be 

10 utilized, then in principle it is possible co realize an external light emission quamum 

efficiency which is 3 tO 4 times higher than that for cases of using the fluorescence 

emission from singlet state excitations. 

Note that it is possible to implement the constitution of Embodimenc 12 hy freely 

combining it with the constitution of any of Embodimems 1 to 11. 

15 [Embodiment 13] 

The EL display device fabricated in accordance with the pri::sem invemion is of rhe 

self -emission type, and rhus exhibits more excellent recognizabilii:y of the displayed image 
• 

in a light place as compared to the liquid crystal display device. Furthermore, the EL 

display device ~s a wider viewing angle. Accordingly, rhe EL display device can be 

20 applied to a display portion in various electronic devices. For example, in order to view 

a TV program or rhe like on a large,sized screen, the EL display device in accordance with 

dlt! 1.m:sem invention can be used. as a displ.ay porrion of an EL display devicl! (i.l!., a 

display in which an EL display device is installed imo a frame) having a diagonal si:c of 
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30 inches or larger {typically 40 inches or larger.) 

The EL display includes all kinds of displays to be use::<l for displaying infommtion, 

such as a display for a personal computer, a display for receiving a TV broadcasting 

program, a display for advertisement display. Moreover, the EL display device in 

5 accordance with the presem invention can be used as a display portion of other various 

electric devices. 

Such electronic devices include a video camera1 a digiral camera, a goggles·cype 

display (head mount display), a navigation system, a sound reproduction device (an car 

audio equipment.' an audio set or the like), nore·size personal computert a game m.achin~. 

10 a portable information terminal (a mobile compure::r. a portahlc rdephone, a p<:)rtabl~ 

game machine, an electronic book, or the like), an image r~production apparatus 

including a recording medium (more specifically, an apparatus which can reproduce a 

recording medium such as a digital versatile disc (DVD), and includes a display for 

displaying the reproduced image), or the like. In particular, in rhe case of che portable· 

15 information terminal, use of the EL display device is preferable, since the portable 

informarion terminal that is likely to b~ viewed from a cilced direction is often i:e4uireJ. 

to have a wide viewing angle. figs. 16A to 17B respectively show various specific 

examples of such electronic devices. 

Fig, 16A illustrate~ an EL image display device which includes a frame 2001, ~ 

20 support table 2002. an EL display portion 2003. or the like. The presem invention is 

applicable to the display portion 2003. The EL display is of the EL display type and 

therefore requires no back light. Thus, the display porti<.m ch.er~of can have a rhickni::ss 

thinner than that of the liquid crystal display device. 

Fig. 16B illustrates a video camera which includes a main body 210lt a display 

25 portion 2102, an audio input portion 2103, operation switches 2104, a battery 2105, an 

image receiving portion 2106, or the like. The self,emission device in accordance with 

the presem invenr:ion can be used as rhe:: EL Jisplay portion 2102. 
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Fig. 16C illustrates a portion (the right~half piece} of display device of head m()LinE 

type, which includes a main body 2201, signal cables 2202, a ht!ad mount banJ 2203, a 

screen portion 22041 an optical system 2205, an self-en-~ission J~vict! 2206, m th~ like. 

The present invention is applicable to the EL display device 2206. 

5 Fig. 16D illustrates an image reproduction apparatus including a recording m~d.iun.1 

(more specifically, a DVD reproduction apparatus), which-includes a main body 230 l, a 

recording medium (a DVD or the like) 2302, operation switches 2303, a display porti<.>n 

(a) 2304, another display portion (b) 2305, or the like. THI! display portion (a) 2304 is 

used mainly for displaying image information, while rht! display portion (b} 2305 is usl..!d 

10 mainly for displaying character information. The EL display device in accordance with 

the present invemion can be used as rhese display portions (a) 2304 and (b) 2305. The 
-

image reproduction apparatus including a recording medium further includes a game 

machine or the like. 

Fig. 16E illustrates a goggle cype display (head mounted display), which indud~s a 

15 main body 2401, a display portion 2402 and an ann portion 2403 or the like. The EL 

display device in accordance with che present m:vemion is applicable to che display 

portion 2402. 

Fig. 16F illustrates a personal computer which includes a main body 2501. a frame 

2502, a display pon:ion 250.3, a key board 2504, or the like. Th~ EL Jisplav device in 

20 accordance with the present invention can be used as the di.splay portion 2503. 

When the brighter luminance of light emitted from che EL material becomes 

available in the future, the EL display device in accordance with the present invention 

will be applicable to a from-type or rear~type projector in which light including omput: 

image information is enlarged by means of lenses or rh.e like to be projected. 

25 The afore~entioned electroriic devices are mmc likely to be used for dispby 

information distributed through a telecommunication pach such as lntem~r, a CA TV 

(cable television system), and in parricular likely t:O display moving picture information. 

1iiMliii 
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The EL display device is suitable for displaying moving pictures since the EL ma[erial can 

exhibit high response speed. 

A portion of che EL display device that is emining light cmi.sumes power, so it i.s 

desirable to display information in such a manner that the light entitting portion therein 

5 becomes as small as possible. Accordingly, when the EL display device is applied to a 

display portion which mainly displays character information, e.g., a display portion of a 

portable information terminal. and more particular, a portable telephone or an audio 

equipment, it is desirable m drive the EL display device so thai:che character information 

i.s formed by a lighc~emitting portion while a non ... emission portion corresponds m the: 

10 background. 

With now reference ro Fig.17 A, a portable telephone is illustrated, which includes 
. 

a main body 2601, an audio output portion 2602, an audio input portion 2603, a display 

portion 2604, operation switches 2905, and an anrenna 2606. The EL display device in 

accordance with the present invention can be used as the display portion 2604. The 

15 display portion 2604 can reduce power consumption of che portable telephone by 

displaying white .. colored characters on a black,colored background. 

Fig. 17B illustrares a sound reproduction device, a car audio equipment in concrete 

term, which includes a main body 2701, a display portion 2702, and operation switchi!s 

2703 and 2704. TI1t! EL d:i!,"'Play device in accordance with the pres~nt invention can b~ 

2C used as the display portion 2702. Although the car audio equipment of tilt! 111ounr t:ype 

is shown in the present embodiment, the present invention is also applicable ro an audio 

of the portable type or home set cype. The display ponion 2702 can reduce power 

consumption by_ displaying white,colored characters on a black,colored background, 

which is particularly advantageous for the audio of the portable rype. 

25 As set forth above, the present invention can b~ applied variously co a wide: range 

of electronic devices in all fields. The electronic device in the present embodintent can 
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be obc:ained by rn:ili:iing an EL display device having rhe (tmr°i!.(urai:iun in which rh~ 

structures in Embodiments 1 through 12 are freely combint:J. 

[Embodiment 14] 

A second shape first gate electrode (TaN) becomes various shapes in accmd4rnci: 

5 with etching conditions such as those recordeJ in Embod.im~nr 11. A simuhu:ion and a 

comparison are performed in Embodiment 14 on a shape A of Fig. ZOA tlnJ a shape B of 

Fig. 20B. 
' 

The shape A shown in Embodiment 11 is shown in Fig. 20A. Fig. ZOA is idemical 

to fig. 190, and therefore the same reference symbols are used. Fig. 21 is a graph showing 

10 the relationship with electron temperamre for cases of setting rhe Lov kngrh (t:he l~ngth 

of Lov region in rhe channel longitudinal direction} to 0.4 µrn, O.S ,:.!m, anJ 1.5 ,:..an with 

a film thickness of rhe ·first gate electrode (TaN) set from 15 to 40 nm. Nore that the 

simulation was performed using the impurity element concentration distribution in the 

channel longitudinal direction (the concentration distribution at a deprh of 10 nn'l. from 

15 rhe surface of the semi.conducror layer) shown in Fig. 24. However, rhe simularion was 

performed with the tap~r angle changed in a portion of che fir:;t gate decrrode sid~wall. 

and che locations of tht! changes are positions of 10 nm of film thickness from th.I:! gace 

insulating film as seen in cross section, and at positions separated by 0.13 µm from the 

fir!jt gate dec:tru<le euge portiqn when seen from the cop surface. · 

20 Further, Fig. 20B shows the shape B of Embodiment 14. Fig. 20B differs from Fig. 

ZOA, and there are no locations in which the taper angle changes in a portion t )t" (hl: 

sidewall. A caper angle. y is formed. 

The simulac:ion is· similarly performed in a first gate electrode 1700 shown in Fig. 

20B, and the relationship between rhe electron temperature for cases in which [h~ Lov 

25 leng[h os 0.4 µm, 0.8 µm, and 1.5 µm, with the film thickness of rhe first gate decm.xk 

(Ta~) set from 15 to 40 nm, is shown in Fig. 22. Note that the simulation is pcrt()m1cJ 
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using the concentration dis(ribution of the impurity elem~nt in the channel ~ongiwJinal 

direction shown in Fig. 24. 

Further, the first gate electrode 1700 shown in Fig. ZOB, namely when the TaN film 

thickness is 30 nm, the relationship between the electric field strength in ~he channd 

5 longitudinal direction and (he Lov length, and the relationship between the Lnv lt!ngth 

and the electron temperature are shown in Fig. 23. The tendencies shown in Fig. 23 of 

the electric field structure and the electron temperacure are approximately the same. Ir 

can be said, therefore, that the lower the electron temperature} the less the tendency for 

the degree of the TFT to degrade. 

10 When comparing Fig. 22 and Fig. 23, the shape of Fig. 208 shown in Fig. 22 shows 

a lower electron temperature. In other words, seen from rhe viewpoint of TFT 

degradation, using the shape of Fig. 208 is preferable because rhe dectton temperature 

can be lowered. 

Further, when the Lov length is 1.5 µm, the electron temperature is low, and 

15 therefore it can be inferred that a long Lov length is preferable. 

It is possible co freely combine Embodiment 14 wich any of Embodimems 1 ro 13. 

The lengrh of the gate electrodes in the channel longitudinal direction (hen~after 

referred to simply as gate electrode width) differ as stared above with the present 

invention, and therefore it is possible to make the ion concentration within the 

ZO semiconductor layers arranged under the first gate dectru~e less than the iun 

concentration within the semiconductor layers not arranged under the first gate electrode 

by utilizing the difference in ion penetration depth, due to the differing gate dectrode 

thicknesses. wh~n performing ion injection using the gate dectrodes as masks. 

Further, the Loff regions are formed using a mask, and therefore only the width of 

25 the first gate electrode and the width of the second gate electrode must b~ controlled by 

etching. Control of the Loff region and Lav region positions bt!comes easier compared 

to the conventional examples. It therefore becomes easy w have precise positiLmal 

B ~ep~aced This Sheet Has een 69 

\\\\\\\\I\\~\~\ 11\\ 



alignment of the Lov regions and rhe Loff regions, and it becomes easy to manufacture 

TFTs having desired characteristics. 

Furthermore, the electric power source supply line, which is convemionally formed 

from the same film as the gate signal line or the source signal line, is formed becwt:t:n rhe 

5 second interlayer insulating film and che third interlay~r insulacing film. The d~ctric 

power source supply line can thus overlap with the gate signal line, and the aperture:: rotio 

can therefore be increased. 

ilii1irnfflii 
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WHAT IS Ct.AIMED IS: 
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1. A semiconduccor display device comprising; 

a semiconductor film being fanned on an insulating surface; 

a gate insulating film in contact with che semiconductor film; 

a first gate elecrrode in contact with the gate insulacing film; 

a second gate electrode in contact wirh the first gate dectrode; 

wherein the semiconductor film includes, 

a channel forming region, 

LDD regions in conract with the channel forming region, 

a source region and a drain region in contact with the LDD regions, 

wherein a first width of the first gate electrodt: in a channel longitudinal 

direction is wider than a second width of the second gar~ t!lectrode in cht: channd 

longitudinal direction, 

wherein the LDD regions overlap the first gate electrode with che gate 

15 insulating film interposed thereberween. 

20 

Z. A semiconductor display device comprising: 

a semiconductor fl.Im. being formed on an insulating surface; 

a gate insulating film in contact with the semiconductor 6.hlli 

a first gate electrode in contact with the gate insulacing film; 
• 

a second gace elecrrode in contact wich the first gate electrode; 

wherein the semiconductor film includes. 

a channel forming region, 

LDD regions in contact with the channel fom"Ling region, 

a sourct:: region and a drain region in conract wich the LOO regions. 



I 1111111 11111111111 1111111 1111 
* C L M S * 

wherein a firsc widch of the first gace elcccmdc in a channel lon(•itudinal 
/'!> . 

direction is wider than che width of the second gate electrode in thl! channel longitudinal 

direction; 

wherein the LDD regions overlap the first gate dt!ctrode with the aate .., 

5 insulating film interposed therebetween, 

10 

15 

wherein the channel fom1ing region overlaps the ~ccond gate deccrodl: with 

the gate insulating film interposed thereberween. 

3. A semiconductor display device comprising: · 

a semiconductor film being formed on an insulating surface; 

a gate insulating film in contact with the semiconductor t1lrn; 

a first gate electrode in contact with the gate insulating film; 

a second gate electrode in conracr wirh t:hl! first gac~ decrrod~; 

an EL element, 

wherein the semiconductor film includes, 

a channel forming :region, 

LOO regions in contact with the channel fon11ing region, 

... . 

a source reginn and a drain region in concuct with the LOO rl!gions. 

wherein a first width .of the first gate dectrod~ in a channel longitL11.Hn.al 

direction is wider than a second width of the second gate electrode in t:he channd 

20 longitudinal direction, • 

25 

wherein the LDD regions overlap the first gace electrode with [he gate 

insulating film in~erposed therebetween, 

· wherein th.t: ehannd forming region overlaps dlt! Sl!CtH'l.d gcW~ dt:c trod~ with 

the gare insulating film interposed therebecween, 

wherein rhe EL element has an anode, a cathode. anJ nn EL layer being 

formed between the anode a.nd the cathode, 
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wherein the drain region is electrically connected [0 th~ anode tH' the 

cathode. 

4. A semiconductor display device comprising: 

a semiconductor film bdng fonned on an insulating surfac1.:: 

a gare insulating film in contact with the semiconductor film; 

a first gate elecrrode in contact with the gare insulating film; 

a second gate elecrrode in contact with the first: gate dectrode, 

wherein a first width of the first gate electrode in a channel Longitudinal 

direction is wider chan a second width of the second gar~ d~ccrode in chc: channel 

10 longitudinal direction; 

15 

portion, 

wherein the first gate electrode has a tapered shape in cross section in an e~J 

wherein the semiconductor film includes. 

a channel forming region, 

LDD regions in contact with th~ channd forming r~gion, 

a source region and a drain region in conracr with the LDD regions, 

wherein the LDD regions overlap the first gate electrode with the gate 

insulating film interposed therebetween, 

wherein the channel forming region overlaps t:he second gate electrode with 

20 the gare insulating film interposed therebetween. 

5. A device according to claim 1. 

wherein the LDD regions are formed in a self~aligning manner by adding an 

impurity element into the semiconductor film with the:: :;ecuml gate dectroJ~ as a 

mask. 
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wherein a corn:entration of an impurity in tht: LDD regions at least incluJes 

a portion having a concenrration gradient in a range of lxl017 t0 lx10 15 fcm3, 

wherein the concemration of the impurity incrca:>t!s as a distance fmn1 rh~ 

5 channel forming region increases. 

10 

7. A semiconductor display device having a switching TFT and a driver circuit 

TFT, 

each of the switching TFT and the driver circuit TFT including; 

a semiconducror film being formed on an insulming surface, 

a gace insulating film in contact with the sc:miconductor film, 

a first gare electrode in contact with the gate insulating film, 

a second gate electrode in contact with the first gate electrode; 

wherein a first width of the firsr gate electrode in a channel longitudinal 

direction is wider than a second width of the second gate di::ctrode in the channd 

15 longitudinal direction, 

wherein the semiconductor film of the switching TFT includes, 

a first channel forming region overlapping the second gate electrode with 

the gate insulating film interposed therebetween, 

first LDD regions in contact with the tlrst channd forming region and 

20 overlapping the first gate electrode with the gate insulating film in[erposed i:hereh~cwc~n. 

second LDD regions in contact with che firsc LOO regions, 

a first source region and a first drain region in contact with the second 

LDD regions, 

wherein the semiconductor film of rhe driver circuit TFT includes, 

a second channel forming region ov~rlapping rh~ second gate decno,Je 

with the gate insulating film interposed therebi::twec:n, 
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third LDD regions in contact wich the:: :iccnnd channel formin.~ r~~ion 

and overlapping the first gace electrode with th~ g:m.: insulatin.~ film inrcrp11scd 

there between, 

a second source region and a second drain region in contact wich the 

5 third LD D regions_ 

10 

TIT. 

8. A semiconductor display device having a switching TFT and a tlriver circuir 

each of che switching TFT and rhe driver circuit TFT including: 

a semiconductor A.Im being formed on an insulating surface, 

a gate insulating film in contact with the semiconductor film, 

a first gate electrode in contact with the gate insulating film, 

a second gate decaode in contact with the first gnci:: d~ctrodt:. 

wherein a first width of the first gate electrode in a channd longitudinal 

direction is wider than a second width of the second gate electrode in the channel 

15 longitudinal direction, 

wherein the first gate electrode has a tapered shape in cross s~ction in an edge 

portion. 

wherein the semiconducmr film of rhc swirching TFT incluLles, 

a first channel forming region overlapping the second gate d«!ctrode with 

20 che gate insulating film interposed therebetween, • 

first LDD regions in contact with the first channel forming region and 

overlapping the first gate electrode with the gate insulating film interposed there between, 

second LOO regi()ns in contact with rhe first LDD regions, 

a first source region and a first drain region in comact with th~ si::ctmd 

25 LDD regions, 

wherein the semiconductor film of the driver circuic TFT includes, 

i1Uii1ii1iiUf 
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a second channel fom1ing region overlapping the secnrtd gai:c:: c.::kcrrod~ 

with the gate insulating film interposed therebetween1 

third LDD regions in contact with the second channel fom1ing n:gion 

and overlapping the first gace electrode with the gate insulating film inrerpl)SeLi 

5 cherebetween, 

a second source region and a second drain region in contact wii:h the 

third LDD regions. 

9. A device according to claim 7, 

wherein a concentration of an impurity in the first LDD regions at ll:!ast 

10 includes a portion· having a concentration gradient in a range of l:d0 11 to l:d015 /cm3
, 

wherein rhe concentration of the impurity increases as a 1.lisrance from rhe first 

channel forming region increases. 

10. A device according to claim 7, 

wherein a concentration of an impurity in the third LOO regions at least 

15 includes a portion having a concentration gradient in a range l~f lxl011 co lxlOts /cm3
, 

wherein the concentration of rhe impurity incr~ases as a distanc~ from the: 

second channel forming region increases. 

11. A device according to claim 7, 

wherein each of the first LDD regions and the third LDD regions is formed in 

ZO a self,aligning m~nner by adJing an impurity to the:: sem.icrntJuct()r film. wi[h rh~ sewnJ 

gate electrode as a mask. 

12. A semiconductor display device comprising: 

a semiconducror film being formed on an insulating surface: 

76 



5 

10 

· 11111111111111111111111111 1111 
* C L M S * 

a gate insulating film; a first gate detrrode; 

a second gate electrode; 

a first wiringi 

a second wiring; 

a first interlayer insulating film; 

a second interlayer insulating film: 

an intermediate wiring, 

wherein the gate insulating film is formed over the insulating surface to cover 

the semiconductor 6.lm1 

wherein the first gate dectrode and the first wiring ar~ form~J in cnnrnci: with 

the gate insulating film, 

wherein the second gate electrode and the second wiring are formed in co mace 

with the first gate electrode and the first wiring, respectively, 

wherein the first gate electrode and the first wiring are formed from a first 

15 conductive film, 

wherein the ~cc.md gace eleccrode and th~ sc::conJ wiring are fonnc:i..l from a 

second conductive film, 
-

wherein the first interlayer insulating film is fonned to cover· the fi.rst gace 

electrode, the second gate electrode; the first wiring, the second wiring, and the gate 

20 insulating film, 

wherein the secon.d interlayer insulating fihn is fornlt!d t >Vt:r thl! first in t~rluyt:r • 
insulating film, 

wherein the intermediate wiring is formed to cover the second interlayer 

insulating film, 

25 wherein the intermediate wiring is in concactwirh ch~ tlrsc interlayer insularing 

film through a contact hole being formed in rhe second imerlayer insulating film. 
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wherein the imennediate wiring overlaps rhe secon1..I wiring with [h~ first: 

interlayer insulating film imerposeJ therebetween in rhc contact holi::, 

wherein che semicc.mductor 6.lm includes, 

a channd forming region, 

LDD regions in contact with the channel forming region, 

a source region and a drain region in contact with the LOO regions, 

wherein a first width of the first gate electrode in a channel longirndinal 

direction is wider than a second width of the second gace dt:ctrode in tht: channd 

longitudinal direction, 

wherein the channd forming region overlaps the second. gare electrode with 

·the gate insulating film interposed therebetween, 

wherein the LDD regions overlap the first gate electrode with che gate 

insulating film interposed therebetween. 

13. A semiconducr:or display Jevice comprising: 

a semiconductor film being fom1ed on an insulating surface; 

a gate insulating film; 

a first gate elecrrode; 

a second gate electrode; 

a first wiring; 

a second wirillg; 
• 

a first interlayer insulating film; 

a second interlayer insulating film; 

an intermediate wiring; 

an EL dt:menc, 

wherdn the gate insulating film is formeJ over th~ in~ulacing surface tu CtlV~r 

rhe semiconductor film. 
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wherein the first gate electrode and tht! first wiring arc fonned in. corm1ct with 

the gate inwlating film, 

wherein the second gate electrode and the second wirin.g are formed in CL)nrncr 

with the first gace electrode and the first wiring, respectively, 

wherein the first gate electrode and the first wiring are fonned from a firsr 

conductive film, 

wherein the second gate electrode and rh.e secn11-.t wirin,g ar~ formed frl)n.'l :.'I 

second conduccive film, 

wherein the firsr interlayer insulating film is formeJ to cover the firsr gace 

10 electrodet rhe second gate electrode, the first wiring, the second wiring, and the gate 

insulating film, 

wherein the second interlayer insulating film is fonneJ over rh~ fir.st interlayer 

insulating film. 

wherein t:he intermediate wiring is formed ro cover the second inwrlayer 

15 insulating film, 

20 

wherein the intermediate wiring is in contact with the first incerlayer insulating 

film through a first contact hole being formed in the second intt!i:lay~r insulating film. 

wherein the intermediate wiring overlaps the Sl.!COL1Ll witin.g through th~ firs( 

interlayer insulac:ing film in the first concacc holt!. 

wherein the semiconductor film includes, 

a channel forming region, 

LDD regions in contact with the channel forming region, 

a source region and a drain region in conrncr wirh the LDD regions, 

wherein che LDD regions overlap th~ first ~~HL' dt:crwde with ch~ gar~ 

Z5 insularing film inrerposed rhereberween, 

wherein the channel forming region overlaps the ~ecnnd gate electrode with 

the gate insulating film interposed therebetween, 
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wherein the intermediate wiring is connected to the source regic.)n through a 

second contact hole being formed in the gate insulating film, the first interlayer insulming 

film, and the second interlayer insulating film, 

wherein the EL element has an anode, a cathode, and an EL layer form.ed 

5 between the anode and the cathode, 

wherein the drain region is electrically cormected co the anode or rhl.! 

cathode. 

14. A semiconductor display device comprising: 

a semiconductor film being formed on an insuhuing surface; 

10 a gate insulating film; 

a first gate electrode; 

a second gate electrode; 

a first wiring; 

a second wiring; 

15 a first interlayer insulating film; 

a second incerlayer insulating film; 

an intermediate! wiring; 

a shielding film, 

wherein the gate insulating film is formed on the insulating surface w cover 

20 the semiconductor film, 

25 

• 

wherein the first gate electrode and the first wiring are frmned in comae[ with 

the gate insulating film, 

wherein [he second gate electrode and the second wiring are formed in contact 

with the first gate electrode and the first wiring, respectively, 

wherein the first gare electrode and the first wiring are fr)rmed from il tl.rsr 

conductive film, 

1iii~f 
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wherein the second gate electrode and the second wiring are formed from a 

second conducrive film, 

wherein che first interlayer insulating film is forn'leJ rn cover th~ first gate 

eleccrode, the second gate decrrode, the first wiring, rb.1:: s1::conll wiring, an.d the .~ate 

5 insulating film, 

10 

15 

20 

wherein rhe second interlayer insulating film is fom1eJ. over the firsr interlayer 

insulating film, 

wherein the intem1ediate wiring is formed ro cover the s~cond intt!rlayer 

insulating film, 

wherein the intermediate wiring is in contact with rhe firsr interlayer insulating 

6.lm through a com:act hole being formed in the second interlayer insulating film, 

wherein i:he intermediate wiring overlaps the second wiring rhrough che first 

interlayer insulating film in the contact hole; 

wherein the semiconductor film includes, 

a channel forming region, 

· LDD regions in contact with the channd fonnin.!;( region, 

a source region and a drain region in contact with che LDD regions, 

wherein the LDD regions overlap the first gate eleccrode with the gace 

insulating film interposed therebetween. 

wherein the channel forming region overlaps tht: st:cond gat~ dectrodt:: with 

the gate insulating film interposed therebctween, 

wherein the shielding film is formed from a smut:: conductive t1lm as r:he 

intermediate wiring, 

wherein the ·shielding film is formed over the second interlayer insulating 

25 film, 

wh~rdn rhe shidding film overlaps the channd turmin.g re.!!il.m. 
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15. A semiconductor display Jevice comprising: 

a semiconductor film being formed on an insulatin~ surfact:; 

a gate insulating film; 

a first gate electrode; 

a second gate electrode; 

a first wiring; 

a second wiring; 

a first interlayer insulating film; 

a second interlay~r insulating film; 

an intermediate wiring; 

a shielding film; 

an EL element, 

wherein rhe gate insulating film is formed on the insulating surface rn cover 

rhe semiconductor film, 

wherein rhe first gate electrode and rhe first wiring are formed in contact with 

the gate insulating film, 

wherein the second gate electrode and the secnnJ wiring are formed in cnmact 

with the first gate electrode and the first wiring, respectivdy. 

wherein the first gate electrode and the first wiring are fon11e1..l from a first 

10 conductive film, 

wherein rhe ~econd gate electrode and the second wiring an~ fomu:J from a 

second conductive film, 

whc::rein the first imerlayer insulating film is formc::J ro cover the first gate 

electrode, the second gace electrode, the first wiring, the s1::cond wiring, an1..l the gare 

25 insulating film, 

wherein the second interlayer insulating tllm is formed l>Ver the first inr~rbyer 

insulating film, 

82 



5 

10 

15 

20 

25 

111111111111111111111111111111 * C · L .M S ~ 

wherein the imermeJiare wiring is formi::d co cover rhc second intl!rlrwl!r 

insulating film, 

wherein the intermediate wiring is in concact with tht:? first interlayer insulating 

film through a first comacc hole formed in the second incerlciyer insulating t1lm, 

wherein the intermediate wiring overlaps the second wiring through the first 

interlayer insulating film in che first contact hole, 

wherein the semiconductor film includes, 

a channel forming region, 

LDD regions in contact with the channel fom1ing region, 

a source region and a drain region in contact with rhe LDD regions, 

wht:?rein the LDD regions overlap the first gate electrode with rh~ gate 

insulating film interposed cherebecwel!n, 

wherein the channd forming region overlaps rhe second gate deer.rode with 

the gate insulating film interposed therebetween, 

wherein the intermediate wiring is connected to the source region rhrough a 

second contact hole being formed in the gate insulating film, the first interlayer insulating 

film, and the second imerlayer insulating film, 

wherein rht:: shidding film is form.eJ from a same ClHlLlucrive film a~ tht:: 

intermediate wiring, 

wherein the shielding film is formed over the second interlayer insulating 

film, 

wherein the shielding fil.n1 overlaps the channd forming region; 

wherein the EL" element has an anuJe, a C<ltho1..lt:, and an EL layt:r ti.innt:d 
. 

between the anode and the cathode, 

wherein the drain region is electrically connected to the anoJe or rhe 

cathode. 
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16. A semiconJ.uccor display device comprising: 

a light shielding film being formed over a substrace; 

an insulating film being formed over the substrate, said in:;ula(ing film coverin~ 

the light shielding film; 

a semiconductor film being fom1ed over th~ insulacing film: 

a gate insulating film in com:act with the semicu11ducrur film; 

a first gate electrode in contact with the gate insulating film; 

a second gate electrode in contact with the first gare dectmde: 

wherein the semiconductor film includes, 

a chann.d forming r~gion, 

LDD regions in contact with the channd forming regicm, 

a source region and a drain region in com:act with the LDD regions, 

wherein the LDD regions overlap the first ga[e elecrrode with the bJG.te 

insulating film interposed rherebetween, 

wherein the channel forming region ov~rlaps the second gm~ insulating film 

with the gate insulating film interposed thereberween, 

wherein the light shielding film overlaps the chann.el forming region through 

the insulating film. 

17. A semiconductor display device comprising: 

a light shielding film being formed over a subsm1te; 

an insulating film being formed over ch~ substrate, sail.{ insulating film covering 

the light shielding film; 
. 

a semiconductor film being formed over the insulating film: 

a gate insulating film in contact with the semiconJ uctor film; 

a firsr ga[c clccrm<ll.! in cunrnct with rhc gatl! insulating film: 

a second (7ate electrode in contact with rhe fir::;r gact: t.::kcrrnde; b 
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an EL demt:m, 

wherein r:he semiconductor film includes, 

a channd forming region; 

LDD regions in contact with che channd fonning region; 

a source region and a drain region in contact with the LDD regions, 

wherein the LDD regions overlap thr:: first gate electrode wi.Ch rhe gate 

insulating film interposed therebeiween, 

wherein the channel forming region ovedaps the .second gai:e insulating film 

with the gate insulating film imerposed thereberween, 

wherein the light shielding film overlaps the channd forming region through 

the insulating film, 

wherein the EL element has an anode. a C<lthode, and an EL Layer formed 

between the anode and the cathode, 

wherein the drnin region is electrically connected n~ th~ anoJe nr [he 

15 cathode. 

18. A device according to claim 16, wherein th!! insulating film is Leveled by 

CMP. 

19. The semiconductor display device of clain1 in wmbination with a \··kleu 

camera. 

20 20. The semiconductor display device of claim_ l in co111bination with an image 

reproduction device. 

21. The semiconducmr display Ll~vice of claim. l in cmnbinacinn with a h~ad 

mounted display. 
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22. The semiconduci:or display Jevice of claim 1 in cumbinntilln 1.virh u p1.:rsunal 

computer. 

23. A method of manufacturing a semiconductor display device, said merhoJ 

comprising the steps of: 

forming a semiconductor film on an insulating surface; 

fom1ing a gate insulating film in contact wi[h che semiclm1..lucrnr film; 

forming a first conductive film in contact with th1:: gate insulating film; 

forming a second conductive film in conract with the first conductive fihn: 

patterning the first conductive film and the second conJuctive film to fonn a 

to first gate electrode and a second gate electrode; 

15 

20 

adding a first impurity to the semiconduccor film from ~1 sid!! where the fifsr 

gate eleci:rode and the second gate eleccrode are fonuc:J; 

forming a mask on the semiconduci:or film, covering the first gare electrode 

and the second gate elecrrode; 

fomiing a channel forming regiont first LDD regions in cuntacc with tht: 

channel forming region, second LOO regions in comacr wi[h [hi.: first LOO regions, ilnd 
. 

a source region and a drain region in contact with tht: second LDD regions hy addiri.g n 

second impurity having a same conductivity as the first in1purity from a side where rhe 

mask is formed on the semiconductor film, 

wherein the first gate electrode is longer than the second gate electrode in a • 

channel longitudinal direction, 

wherein che channel forming region overlaps th~ st:cond gOtt! elt!Ctrodc with 

the gate insulai:ing filni imerposed therebetween, 

wherein rhe first LDD regions overlap the first gate decrrnde with rhe gate 

25 insulating film interposed thereb~tween. 
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24. A method of 1nanufacwring a semiconductor Jisplay 1.levicc, saiLl 1n-=:th<.ld 

comprising the steps of: 

fom1ing a semiconductor film on an insulacing surfoci;:; 

forming a gace insulating film in contact with th~ semiconductor film; 

forming a first cnnduci:ive film in contact with th1.: ~Olte insulating film: 

forming a second conductive film in comact with thl.! first conJuci:ivt: film; 

patterning the fust conductive film and the second conductive fi.lrn to form a 

first gate electrode and a second gate electrode; 

adding a first impurity co the semiconductor film from a side where ch~ first 

10 gate electrode and the second gate electrode of the semiconducwr fihu are formeJ; 

forming a mask on the semiconductor film to cover the first gate dectroJ1:: and 

the second gate electrode; 

fom1ing a channel forming region, first LOO regions in contact with rhe 

channel forming region, second LDD regions in contact wirh chc:: first LDD regions. and 

15 a source region and a drain region in contact with the second LOO regions by adding a 

second impurity having a same conductivity as the firsr im.purity from a side where the 

mask is formed on che semiconductor film, 

20 

wherein the first gate electrode is longer than the S\!ConJ gate· deccrode in a 

channel longitudinal direction, 

wherein the channel forming region overlaps the second gate electrode with 

the gate insulating film interposed therebetween. 

wherein the first LOO regions overlap the first gate electrode wi1:h tb.t: gar!! 

insulating film interposed therebecween. 

25. A method of manufacturing a semiconductor display d~vice, said m~thod 

25 comprising the steps of: 

fanning a semiconductor film on an insulac:in~ surfac~; 

87 This Sheet Has Been Replaced 

· I llllH 111~1 NI ~11111 · 



111111111111111111111111111111 
* C L M S * 

forming a gare insulating film in contact with the semiconductor tllm; 

forming a first shape first gate electrode and a first shape ~cccmd gate electrode 

in contact with the gace insulating film; 

etching the firsr shape first gatt: dectrodt: and chc: fir~c shapl:! s~ct)fh.I ~me 

5 electrode to form a first gare de;:ctrode having a first mpered portilin and a second gare 

electrode having a second tapered ponion; 

adding an impurity element to impart one conducrivity type into the 

semiconductor film through the gate insulating film. to form second LDD regions and. at 

a same time adding an impuricy element to impart one cnndu<.:t:i\'iry rype intu th~ 

10 semiconducror film through rhe tapered portion of the first gatt: d(!ct:rode ro form fas[ 

LDD regions; 

wherein a concentration of the impurity element in chi! first LDD regions 

increases toward an edge portion of the semiconductor filni.; 

adding an impurity element CO impart Ont: COnduct:ivicy C\'pe wirh the first gme 

15 electrod~ having the:: first capered portion anJ th~ seclmd gate dcccrod~ having the 

second t:apered portion as masks to form a source region il1td a d~~in region. 

20 

25 

26. A method of manufacturing a semiconductor display dt!vice, said method 

comprising the steps of: 

film; 

forming a semiconductor film on an insulating surfac~~ 

forming a gate insulating film in contact with t:hr:: s~n1iclmductor film; . . 

forming a first conductive film in contact with the gate insulating film; 

forming a second conductive film in contact with the first conductive film; 

etching the second conductive film to fom1 a first shape second conduccivL: 

etching the first conductive film m form a first shap1.:: fix:it conductin: film; 
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ecching the first shape firsr gace elecrroJe and th~ first shape secon.d !!ar~ 

electrode to form a first gate electrode having a first tapered ponion. anJ a second ~:ite 

electrode having a second tapered portiOni 

adding an impurity element to impart one conduclivii:y type into the 

5 semiconductor film through the gate insulating film co form second LDD regions and ac 

a same time adding an impurity dentent to impart one:! con.Juct:ivity type inw th~ 

semiconductor film through the first tapered portion of tht! first gan: dt:ctm1..ie tll form 

flrst LDD regions; 

wherein a concentration of the impurity el~menc in the firsc LDD regil)ru; 

10 increases toward an edge portion of the semiconducror film.; 

15 

adding an impurity element to impart one conductivity type with che fir.;c gate 

electrode having the first tapered portion and t:he second gate dectroJe having the 

second tapered portion as masks ro form a source region anJ a drain region. 

27. A device according to claim 2, 

wherein the LDD regions are formed in a self~aligning manner by adding an 

impurity element into the semiconductor film with rhe second gate dectrodc as a 

mask. 

28. A device according co claim 2, 

wherein a concemration of an impurity in the LDD regions ar; least includes 

20 a poi:tion having a concentration gradient in a range of lxl01
; m lxl015 /cm.3, 

wherein the concentration of the impurity increases as a distance from the 

channel forming region· increases. 

29. The semiconductor display device of claim 2 in com.hinarion wirh a vidt:L) 

camera. 
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30. The semiconducmr display Jevice of claim 2 in crnnhin.ation with an im.ag1.: 

reproduction device. 

31. The semiconductor display device of claint 2 in combination with a head 

mounted display. 

5 32. The semiconducmr display device of claim 2 in cu1ubinatilm with a personal 

computer. 

33. A device according to claim 3, 

wherein the LDD regions are fom1ed in a self,alil.!ning mann~r by ad\.ling an 

impurity element into the semiconductor film with i:he ~ccon\.t ~i.ltt: decrrnde as a 

10 mask. 

34. A device according to claim 3, 

wherein a concenrration of an impurity in rhe LDD regh,ns at least induJes 

a portion having a con_cenmition gradient in a range of lx 1017 
tll l:d015 /cm', 

wherein rhe concentration of the impuriry increas~s as a \.lisranc~ from che 

15 channel forming region increases. 

35. The semiconductor display device of claim 3 in cornbination wirh a video 

camera. 

36. The semiconductor display device of claim 3 in combinaEion with an image 

reproduction device. 
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3 7. The semiconductor display device of claim 3 in combination with a hea..I 

mounted display. 

38. The semiconductor display device of claim 3 in cn1nhinarion with a p1.:rsonal 

computer. 

5 39. A device according to claim 4, 

10 

wherein the LDD regions are fom1ed in a self,aligning manner by a.d1.ling an 

impurity element into the serniconductor film with th~ si.:rnnd gate dccrrode a::; a 

mask. 

40. A device according co claim 4, 

wherein a concenrration of an impurity in the LDD regions at least indudt!S 

a port:ion having a concentration gradient in a range of lx10 11 to lxl013 /cm.j, 

wherein the concentration of the impurity increases as a Jistancl.! from the 

channel forming region increases. 

4 L The semiconductor display device of claim 4 in combination with a video 

15 camera. 

42. The semicond1;cror display device of claim 4 in ClHnhinacion with an ima.~e 

reproduction device. 

43. The semiconductor display device of claim 4 in co111bination wich a hc::ad 

mounted display. 
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44. The semiconductor display device of claim 4 in comhination with a pt:r~onal 

computer. 

45. The semiconductor display device of claim. 7 in combinarinn with a vidt:n 

camera. 

5 46. The semiconductor display device of claim 7 in combination with an image 

reproduction device. 

47. The semiconductor display device of claim i in combination with a head 

mounted display. 

48. The semiconductor display device of claim. 7 ir1 combinarion with a pcrsnnal 

10 computer. 

49. A device according to claim 8, · 

wherein a concentration of an impuriry in the first LDD regions ar leasi: 

includes a portion having a concentration gradient in a range o(l::d0 1
; to lxl0 15 /cn13

, 

wherein c:he concentration of the impurity increast:s as n 1..Hsrnnc~ from th~ firsr 

15 channel forming region increases. 

50. A device according to claim 8, 

wherein a concencration of an impurity in the chirJ LOO regions at leasr 

includes a portion having a concentration gradient in a n:ing~ of l.x l01
; to lxl0 1~ /cm;. 

wherein the concentration of the impurity incr:1:1.1s1.:s a~ a .. listanc1.:: fo nn che 

20 second channel forming region increases. 
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S l. A dt!vic~ acconling tu claim. 8, 

wherein each of the first LDD tegions and the third LDD regions is formi.::d in 

a self~aligning manner by adding an impurity to the semiconductor film with tht! Sl:!cnnd 

. gare electrode as a mask. 

5 52. The ::;emiconductor display device of claim 8 in c1.Hnhination with a vh..leo 

camera. 

53. The semiconductor display device of claim 8 in combinarion with an image 

reproduction device. 

54. The semiconductor display device of claim 8 it1 combinminn. with il heaJ 

10 mounted display. 

55. The semiconductor display device of claim 8 in combination wirh a p~rsonal 

computer. 

56. The semiconductor display device of claim 12 in cornbination wich a vid~n 

camera. 

15 57. The semiconductor display device of claim 12 in combination with an irnage , 

reproduction device. 

58. The semiconductor display device of claim 12 in combination with a h~ad 

mounted display. 
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59. The semiconductor display device of clai.n1 12 in combinJ.tion wirh a personal 

computer. 

60. The semiconductor display device of claim 13 in comhination wirh a video 

camera. 

5 61. The semiconductor display device of claim 13 in cmnbinarion with an imag~ 

reproduction device. 

62. The semiconduc.tor display device of claim 13 in comliinarion with a ht!nd 

mounted display. 

63. The semiconductor display device of claim 13 in combination with a personal 

10 computer. 

64. The semiconductor display device of claim. 14 in cPmhinminn with a vid~•:> 

camera. 

65. The semiconductor display device of claim 14 in combinarion with an image 

reproduction device. 

15 66. The semiconductor display Jevice of claim 14 in wmbin::uion \.vic:h a hi..:ad 

mounted display. 

67. The semiconductor display device of claim 14 in cornbinnrion with a pi::rsonnl 

computer. 
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68. The semiconductor display device of claim 1.5 in combinarinn with a vid~o 

camera. 

69. The semiconducmr Jisplay d~vice of claim 15 in combinackm with an im:.ig~ 

reproduction device. 

5 70. The semiconductor display device of claim 15 in combination with a h~ad 

mounted display. 

71. The semiconductor display device of claim 15 in combination with a personal 

computer. 

72. The sem.iconduct0r display device of claim 16 in combination with a vidt:o 

10 camera. 

73. The semiconductor display device of claim 16 in corn.bination with an image 

reproduction device. 

74. The semiconductor display device of claim 16 in comhinaEion wirh a h~ad 

mounted display. 

15 75. The semiconductor display device of claim 16 in combination wirh a personal 

computer. 

76. A device according co claim 17. wherein the insulating film is l~vd1::J hy 

CMP. 
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77. Th~ semiconductor display device of claim 1 i in combination with a vk.lc:u 

camera. 

78. The semiconductor display device of claim 17 in com.bination wirh an hnage 

reproduction device. 

5 79. The semiconductor display device of claim 17 in cornbination with a head 

mounted display. 

80. The semiconductor display device of claim 17 in combination with a p<:!r$Onal 

computer. 
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