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SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

Fie1d of the Invention 

This invention re1ates to a semiconduct~r device and 

a method for manufacturing the semiconductor device, and 

particu1ar1y to techno1ogy for contro11ing the formation of 

impurity-doped regions in a sem:l.conductor 1ayer by a method 

of working a gate e1ectrode of the device by dry etching. 

The invention can for examp1e be appl.ied to disp1ays wherein 

thi.s sem:l.conductor device .is used in a disp1ay part, and 

particu1arl.y to l.iquid crystal. displays, organic EL di.spl.ays 

(a light emJ. tting device or a l.ight emitting di.ode) and el.ectronic 

equipment using such displ.ays. The BL (el.ectrol.um:lnescent) 

devices referred to in this specification incl.ude tripl.et-based 

1ight emission devices and/or singl.et-based l.ight emission 

. devices, for exampl.e. 

Description of the Re1ated Art 

When in the fabrication of a semi.conductor device a 

semiconductor 1ayer is formed by dry etching or wet etching, 

or when an :lmpuri ty region is formed in a semiconductor l.ayer 

by doping, a mask ma9e of photoresist is used. 

In dry etching or wet etching, the materi.a1 outside the 

part covered by the mask is removed, and the materia1 which 

is not etched assumes the same shape as the shape of the mask. 
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When dop:ing :is carried out, an impurity reg:ion is formed in 

the part of the semiconductor 1ayer wh:ich :is not covered by 

the mask. 

In recent years, the microminiatur:izat:ion of structures 

of semiconductor devices hav:ing th:in film transistors 

( here:inafter, TFTs) has been progressing. Consequent1y, there 

has been a need for finer pos:l.t:ioning :in mask formation. 

Insufficientl.y fine positioni.ng is a cause of formation defects 

i.n the forming of res:l.st masks. There has been known a method 

whereby to overcome th:is a semconductor dev:ice is fabricated 

by a part of a TFT (for exampJ.e the gate el.ectrode) being formed 

by dry etching and then other parts of the TFT (for exampl.e 

source and drain regions) being formed us:l.ng th:l.s al.ready-formed 

part of the TFT (for exampl.e the gate el.ectrode) as a mask, 

sel.f-aJ.igningl.y. 

With such a method for making a semiconductor device 

sel.f-a1ign:l.ngl.y it is possibl.e to rea1ize a reduction in the 

number of pho"to masks used in the fo:rmi.ng of photoresist masks 

by photo1ithography, and f.ine position.i.ng :ls unnecessary. 

·Becauseofthis,thetechnol.ogyiscurrentJ.yrece:l.vingattention. 

For the form:l.ng of an :impurity region in a semiconductor 

1ayer, the method of doping the semiconductor l.ayer with a 

group 15 (of· the periodic tabl.e) impurity el.ement such as 

phosphorus or arsenic or a group 13 (of the periodic tab1e) 

impurity e1ement such as boron is used. 
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Doping a semi.conductor layer with a group 15 impurity 

element forms an n•type region. and do~i.ng with a group 13 

:l.mpurity element forms a p-type region. and in th1.s way source 

and drain regions are formed 1.n a semiconductor layer. 

A characteristic of a TFT is 1.ts OFF current (the current 

which flows tbrough the channel region when the· TFT 1.s OFF; 

in thi.s specification. I0~). When the characteristics of a 

TFT are bei.ng evaluated. it is desi.rable that the value of 

th:l.s Io:rt: be small . 

To make Ioff small. it is beneficial. to form an LDD (Li.ghtl.y 

Doped Drain) region in the part of the SeJDiconductor layer 

positioned outside the gate electrode. 

Also, if hot carriers ar1.se in the channel region when 

the 'l'PT 1.s be.1ng driven (i.e. is ON) , this causes the semiconductor 

device to deteriorate. To prevent thi~, 1.t is <iesirabJ.e that 

a second LDD reg.ion be formed in a part of the semiconductor 

layer overlapping wi.th the gate electrode. 

A semiconductor device structure hav.:i.ng an LDD region 

overlapping with the gate electrode across a gate insulating 

£1.lm .1.s known. as a GOLD (Gate-drain overlapped LDD) structure. 

GOLD structures are also called LATID (Large-tilt-angle 

implanteddrain)structuresandITLDD(InverseTLDD)structures. 

For examp1e 1.n ~Mutsuko Hatano, Bajime Akimoto and Takeshi. 

Saka:l., IEDM97 TECHNICAL DIGEST, P523-526, 1997' it is confirmed 

that a GOLD structure w.i.th a s.1.l.icon side wal.l. prov.ides extremely 
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good re1iabi1ity compared to other TF'l' structures. 

In the fabrication of a semiconductor device having a 

TFT, the forming of a mask from photoresist necessitates many 

steps beforehand and afterward. These include for examp1e 

substrate waslll.ng: the app1icat:l.on of resist materi.a1; 

pre-baking; exposing; developing; and post-baking. 

And the photoresist mask must be removed after the etching 

or doping process, and numerous steps are a1so required for 

this remova1. These inc1ude for examp1e ashing with a gas 

se1ected from among 02, H2') and CF 4 : remova1 using chemicals; 

or removal.by means of a combination of ashing and chemical 

treatment. At this time, removal using chemical.s necessitates 

steps such as chemica1 treatment; rinsing with pure water; 

and drying of the substrate. 

Thus there has been the prob1em that using masks made 

from photoresist increases the number of steps required to 

make a semiconductor device. 

And, a1ong wi. th the micromin1.atur1.zati.on of semiconductor 

devices, f:iner pos:Lt:l.oning :l.n mask fo:r:mat:l.on has been regu1.red. 

Insufficiently fine positioning is a cause of formation defects 

of res:l.st masks, as menti.oned above, and t.iine spent repairing 

such defects resu1ts in increased process time and has been 

a cause of increased manufacturing costs. 

The use of masks made from photoresist in the fabrication 

of semiconductor devices has thus increased the number of steps 
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requiredforthefabricationprocess;increasedthetimerequired 

to comp1ete the steps; increased manufacturing costs; and 

affected product yield. 

According1y. reducing the number of masks used is an 

effective way of reducing the manufacturing cost of a 

semiconductor device. 

llso. when the characteristics of a 'l'F'l' in a semiconductor 

device are considered, it is desirable that a first LDD region 

of the Jd.nd mentioned above be formed in the semiconductor 

layer, as this is effective in reduci.ng Ioff. which :Ls an important 

characteristic of a 'l'F'l'. 

And to prevent deterioration of the semi.conductor device 

it is preferable for the device to have a GOLD structure, and 

by formi.ng a second LDD region.of the kind described above 

so as to overlap with the gate e1ectrode across the gate :Lnsu1ating 

film it is possible to suppress hot carriers forming in the 

channel region and the drain region. 

In this specification document the above-mentioned first 

LDD region w:l.11 be ca11ed the Lou region and the above-mentioned 

second LDD region wi11 be called the Lov region. 

However, to dope the Loff reg.ion and the Lov region with 

an impurity :Lt has been necessary in each case to form a mask 

made of photoresist on the semiconductor layer, and the increase 

in the number of steps resulting from the increase in the number 

of masks needed has been a problem. 
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And. in a semiconductor device having a GOLD structure 

wherein the edge of the gate electrode is positioned on the 

gate insulating film above the boundary between the Lo:rr region 

and the Lov region. fine positioning is necessary in the formation 

of the photoresist masks, and the process has been complicated. 

Consequently,troublehasoftenarisenwhichcausespositioning 

failure at the time of mask formation. 

For these reasons, in the forming of a sem:1conductor 

device having a GOLD structure, because the structure 

necessitates fine positioning control, increased numbers of 

masks and trouble in the formation of photoresist masks have 

been a great problem and have consti.tuted a cause of increased 

manufacturing cost of the semiconductor device. increased ti.me 

required for manufacture, and reduced manufacturing yield. 

To overcome this, the present inventors, having been 

researching the pOssibi.lity of forming an Lou region and an 

Lov region to cons ti. tute LDD regions of a semiconductor device 

having a GOLD structure se1f-a11.gning1y without using masks 

made from photoresist, have invented a fabri.cati.on method for 

forming an Lorf region and an Lov region by doping a semiconductor 

layer-with an .impuri.ty element self-aligni.ngly by means of 

certain gate electrode materials and dry etchi.ng methods. 

By using thi.s inventi.on 1.t 1.s possible to form an Loff 

region and an Lov regi.on by doping the semi.conductor layer with 

an impurity element se.lf-aligningly and thereby to reduce the 
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number of masks requJ.red and el.J.minate troubl.e assoc:lated w:l th 

the formatJ.on of these masks. Thus it is possibl.e to reduce 

the manufacturi.ng cost of a semi.conductor device and the time 

requ1.red for its manufacture. 

SUMMARY OF THE INVENTION 

In the fabr1.cat1.on of a send.conductor dev1.ce, J.t J.s 

preferab1e to proir:lde an LDD region. And to sup~ress 

deterioratJ.on of the semi.conductor device, it 1.s desi.rabl.e 

to form a GOLD structure. However, to form an LDD region :it 

has hJ. therto been necessary to form a mask made of photoresi.st. 

Consequent1y, :increased mask numbers and :increased 

manufacturing cost have been a probl.em. However, wJ.th the 

present J.nventi.on J.t J.s possJ.bl.e to form an Lou region and 

an Lov region sel.f-al.1.gnJ.ngl.y and thereby to reduce the number. 

of masks need~d to manufacture a send.conductor device and to 

reduce manufacturJ.ng time and manufactur:lng·cost. 

The edge of a gate el.ectrode :in a s~conductor device 

with a GOLD structure overl.aps wJ.th part of the LDD regJ.on 

across the gate 1.nsul.at1.ng fJ.l.m. In this invention the shape 

of the gate el.ectrode 1.s worked to a taperJ.ng shape, and dopJ.ng 

1.s carr1.ed out sel.f-al.ignJ.ngl.y a number of times usi.ng the 

gate el.ectrode so worked as a mask. In thJ.s way, a source 

region, a dra1.n reg.ion. an Loff region and an Lov region are 

formed. In the dopi.ng, by an impuri.ty be1.ng doped through 
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part of the gate e1ectrode, the Lov reg.ion is formed in a part 

of the semi.conductor 1ayer over1app.1.ng w.ith the gate e1ectrode: 

consequent1y. J.mpur.i ty regions each having a different impur.i ty 

concentrati.on are formed in the semiconductor 1ayer. 

Spec1.f1.ca11y. the .invention prov.ides a method for forming 

a semiconductor device wi.th a GOLD structure se1f-a1igning1y 

by means of a semiconductor dev:l.ce fabr.ication method 1.nc1uding: 

a f:l.rst step of form:l.ng a semi.conductor 1ayer; a second step 

of form:l.ng a gate :l.nsulat:l.ng f:l.lm on the semiconductor layer: 

a th:l.rd step of form:Lng a first conducting film on the gate 

insulating f1.1m; a fourth step of form:l.ng a second conducting 

film on the first conducting film; a f:l.fth step of forming 

a gate e1ectrode of a f:l.rst shape by carrying out dry etch:l.ng 

at 1east once on the second conducting f:l.lm and the f.i.rst 

conducting f1.1m: a sixth step of form:l.ng a first :l.mpur.ity region 

1.n the semi.conductor layer; a seventh step of form:l.ng a gate 

electrode of a second shape by carry:l.ng out dry etch.ing on 

the gate e1ectrode of the first shape: an eighth step of forming 

a gate e1ectrode of a th:l.rd shape by carrying out dry etch.ing 

se1ect1.ve1y on the second conduct.ing film of the gate electrode 

of the second shape; and a n:l.nth step of forming a seco.nu·-.impuri ty 

reg.ion .in the semi.conductor layer. 

In th.is invention, for each of the fi.rst conducti.ng film 

and the second conducti.ng fi.lm a material is se1ected from 

among the refractory metals tungs.ten. tantalum, ti.tanium, and 

8 



mo1ybdenum; nitrides hav1.ng at 1east one of these meta1s as 

a main consti.tuent; and al.1oys containing at 1east one of these 

meta1s. 'l'he first conducting f1.1m and the second conducti.ng 

fi1m are made of different materia1s. 

A high-dens:Lty p1asma 1.s used for the dry etchi.ng, and 

an etching apparatus 1s used w1th which 1t 1.s possib1e to contro1 

independentl.y the power of a p1asma source and a bi.as power 

for generat:Lng a negative bi.as vo1tage on the substrate side. 

From exper:lmenta1 resul.ts obtained by the 1.nventors it was 

discovered that the taper angl.e of the gate e1ectrode edge 

depends on the bi.as vol.tage on the substrate side, and 1t was 

found that by setting the bi.as power of the dry etching apparatus 

h1gher_it is possibl.e to reduce the taper angl.e of the gate 

e1ectrode. By suitab1y control.l.ing the bi.as power 1t is possib1e 

to form a gate el.ectrode havi.ng at 1.ts edge a taper ang1e of 

5 to 80°, and th.is gate e1ectrode .is us~d as a mask for form.ing 

impurity regions. 

In this speci.fication docwnent, for convenience, the 

angl.e that a s1oping side face of a conduct1ng 1ayer makes 

with the horizontal. wi.11 be cal.1ed the taper angl.e: a s1oping 

·si.de face havi.ng th1.s taper angl.e wil.l. be ca11ed a ta;:pering 

shape; and a part having the tapering shape wil.1 be cal.l.ed 

the taperi.ng part. 

In the fifth step dry etching is carried out so that 

a taper angl.e of 5 to 60° is formed on the edge of the gate 
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electrode, to form a gate electrode of a first shape. 

In the seventh step dry etching is carried out w:l.th a 

smaller b:l.as power than in the fifth step. As a result of 

the b:l.as power being made small.er. the taper angle of the gate 

electrode edge becomes larger than in the gate electrode of 

the first shape. Consequently. a gate electrode of a second 

shape. narrower in width than the gate electrode of the f :l.rst 

shape, .is formed. 

In the e:l.ghth step the second conduct:l.ng f il.m .is dry 

etched sel.ecti vely. And in this step the taper angle of the 

edge of the ~econd conducting film of the gate electrode of 

the second shape becomes larger. However. in the eighth step. 

because first conducting film of the gate electrode .is hardl.y 

etched at all., a gate electrode of a third shape wherein the 

width of the second conduct:l.ng film is narrower than that of 

the first conducting film :l.s formed. 

For fo.J:llling the impurity regions. ion doping :l.s used • 

. Besides ion doping, ion injection can alternatively be used. 

In this .invent.ion when dopJ.ng of the Jmpur.i ty 1.s carried out 

a mask made from photoresist :l.s not used and instead the gate 

electrode is used as a mask. Consequently the number of masks 

needed to make the semi.conductor dev.ice .is reduced. If an 

n-type semiconductor device is to be made. in the sixth step 

and the ninth step a group 15 impurity element such as phosphorus 

or arsenic is doped. whereas if a p-type semiconductor device 
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is to be formed a group 13 .impurity el.ement such as boron is 

doped in the s:l.xth step and the ninth step. 

In the sixth step the impurity element is doped through 

the gate insulating film using the gate electrode of the first 

shape as a mask. and thereby a f.irst impurity region :ls formed 

in the part of the semi.conductor l.ayer posi ti.oned outside the 

first shape. Thi.s first impurity region is a source or drain 

region. 

In the ninth step a second impurity region :ls formed 

by the impurity el.ement being doped using as a mask just the 

second conducting fil.m of the tbJ.rd shape gate e1ectrode. 

In the doping condi. t:l.ons :in the ninth step a small.er dose and 

a hi.gher acce1erat:!.ng vol.tage than in the condi.tions at the 

t.ime of the formation of.the first impurity reg:l.on are used, 

so that a second impurity region havi.ng a l.ower impurity 

concentration than the first impurityr~g:l.on :ls formed in the 

semiconductor layer. And the impurity element is doped into 

the sem1conductor l.ayer through the fi.rst conduct:l.ng f i1m of 

the gate electrode of the thi.rd shape and through the gate 

i.nsul.ating fi1m. Of the second impurity regi.on, an Lorf region 

is formed outside the gate electrode of the thi.rd shape a.1d 

an Lov region is foxm.ed in a region not overiapping with the 

second conducting fi1m but overl.apping with the first conducting 

film. 

By using the above means a GOLD structure semiconductor 
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device is formed which has a semiconductor layer including 

a source region,, a drain region,, an LDD region positioned outside 

the gate electrode and an LDD region overlapping with the gate 

electrode: a gate insulating film: and a gate electrode. Just 

two photo masks are needed to form this semiconductor device: 

a photo mask for form:l.ng an island-shaped semi.conductor layer; 

and a photo mask for forndng the gate electrode. After the 

gate.e1ectrode is formed using a mask, the source and drain 

regions and the Loff region and the Lov region are formed in 

the semi.conductor layer self-aligningly. 

By reducing the number of masks using the means described 

above it is possible to reduce the number of manufacturing 

steps and the t.ime needed to produce the semiconductor device; 

reduce manUfaoturing cost: and improve yield. 

·rt is also possible to form a GOLD structure in a 

semiconductor device hav.ing an island-shaped semiconductor 

layer, a gate insulating film and a gate electrode"'by processes 

besides thcit described above, with the same number of masks, 

by changing the process order and the condlt~ons of the dry 

etch.ings and.impurity dop.ings. Below,, a specific manufacturing 

process constituting an example other than that set forth above;·-··· 

.is described. 

That 1.s, the invent.ion also provides a method for forming 

a GOLD structure self-aligningly by means of a semiconductor 

device fabrication method including: a first step of forming 
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a semiconductor layer; a second step of f ornd.ng a gate .insulat.ing 

film on the semi.conductor layer: a th.ird step of form.ing a 

f.irst conducting f11m on the gate insulating fil.m; a fourth 

step of forming a second conducting fil.m on the first conduct.ing 

f.ilm: a fifth step of forming a gate electrode of. a first shape 

by carrying out dry etch.ing at least once on the second conduct.ing 

fil.m and the first conducting f .il.m; a s:l.xth step of fo:cm.ing 

a first .impur.ity region in the semiconductor layer; a seventh 

step of forming a gate electrode of a second shape by carrying 

out dry etching se1ectivel.y on the second conducting film of 

the gate electrode of the f.irst shape; an e:Lghth step of form.ing 

a second J.mpurity region .in the semi.conductor.layer; and a 

n.inth step ~£ form.ing a gate electrode of a th.ird shape by 

carry.ing out dry etch.ing se1ectively on the first conduct.ing 

film .in the gate electrode of the second shape. 

In th.is method, for each of the f.irst conduct.ing f.ilm 

and the second conduct.ing fil.m a mater.ial. is selected from 

among the refractory meta1s tungsten, tanta1um. titanium. and 

molybdenum; n.itrides hav.ing at least one of these metals as 

a ma.in constituent; and a11oys containing at least one of the.se 

metals. The f:irst conduct.ing fil.m and the second conducti.ng 

f.11m are made of different mater.ial.s. 

For the dry etch.ing, an etching apparatus is used w.ith 

wh.ich .it .is possible to control.- independently the power of 

a p1asma source and a bias power for generating a negative 
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bias voltage on the substrate side. or a parallel flat plate 

type RIE apparatus. 

In the fifth step dry etching is carried out so that 

a taper ang1e of 5 to 60° is formed on the edge of the gate 

electrode. to form a gate electrode of a first.shape. 

In the seventh step the second conducting fil.m in the 

gate electrode of the first shape is etched se1ect.1ve1y. A1so. 

dry etching is carried out with a sma11er bias power than .in 

the dry etching of the fifth step. As a result of the bias 

power being made sma11er. the taper ang1e of the second conducting 

film edge becomes 1arger than in the gate e1ectrode of the 

first shape. And because the £irst conducting film is hard1y 

etched at a11, a gate e1ectrode of a second shape wherei.n the 

wi.dth of the second conducti.ng film is narrower than that of 

the first conducting film is formed. 

Por forming the impurity regions, ion dop.1.ng is used. 

Besides ion doping, ion injection cail alternatively be used. 

In the s.ixth step the gate electrode of the first shape is 

used as a mask, and a f.1.rst .impur.1.ty region .:l.s formed 1.n the 

semi.conductor 1ayer positioned outside the first shape by an 

impur.ity element being doped through the gate insu1at1ng fil.m. 

This first impurity region becomes a source or drain regi.on. 

In the eighth step a second impurity region is formed 

by dopi.ng the semiconductor layer with an impurity element 

using the second conducting fi.lm of the gate electrode of the 
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second shape as a mask. In the doping cond1.tions 1.n the eighth 

step. a sma1ler dose and a h:Lgher accelerat1.ng voltage than 

in the conditions at the time of the.formation of the first 

impurity region are used. so that a second impurity region 

having a lower .impurity concentration than the £1.rst impur.1 ty 

reg:l.on is formed· in the sem:Lconductor J.ayer. And the impurity 

element .is doped .into the semi.conductor layer through the first 

conducting film of the gate electrode of the second shape and 

through the gate insulating film. 

In the n.inth step. the first conducti.ng f1.1m i.s dry etched 

selecti.vel.y. In the £1.rst conducting fi.1m, because an extremely 

smal.l. taper angle 1.s formed in the part not overl.appi.ng wi.th 

the second conducting fi1m as a result of the seventh step, 

the fi.rst conducting film is etched from its edge and narrows. 

and a gate electrode of a thi.rd shape 1.s formed. At thi.s time. 

a second 1.mpuri. ty reg:l.on has been formed :l.n the semi.conductor 

layer overlapping wi.th the £1.rst conducti.ng film. and as a 

result of the £1.rst conducting film becoming narrow a part 

of the second impurity region comes to be positi.oned outsi.de 

the gate el.ectrode of the third shape. Of thi.s second i.mpuri. ty 

regi.on. the regi.on posi.tioned outside the gate electrode of 

the thi.rd shape becomes an Lo£:f region and the region overl.apping 

with the gate electrode of the third shape becomes an Lov region. 

Al.so by using the means descr:l.bed above. wi. th two photo 

masks it is possible to form a semi.conductor device having 
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a semiconductor l.ayer including a source region. a drain region. 

an Lou region and an Lov region: a gate insu1at.1.ng film; and 

a gate electrode. 

The invention·can be sa.1.d to have a characterizing feature 

in the method by which the gate.electrode is formed. 

That is. the invention further provides a method for 

manufacturing a semi.conductor device -.1nc1udi.ng a semiconductor 

layer formed on an insulating surface. an insu.lating fil.m formed 

on the semiconductor layer. and a gate electrode formed on 

the insulating film. the method including: a first step of 

forming a semiconductor layer on an insul.ating surface: a second 

step of forming an insu1at1.ng film on the send.conductor layer; 

and a third step of formi.ng on the 1.nsulat:Lng film a gate electrode 

made up of a first conducting layer and a second conducting 

layer having at its edge a taper angle larger than a taper 

angle at the edge of the first conducting 1ayer. 

In this method. the edge of the semiconductor layer is 

preferably given a taper.i.ng shape as shown 1.n Figs. 3A through 

3E and Figs. 9A through 9E. 

And in this method, the edge of the first conducting 

.layerpreferab.lyhasataperingshape.andtoobta.i.nthistapering 

shape. 1.n the th:l.rd step. the gate electrode 1.s formed by carryi.ng 

out dry etchi.ng usi.ng a ch.lori.ne-based gas and a fl.uorine-based 

gas or a ch.lori.ne-based gas and a fluori.ne-based gas and 02 

and then carrying out dry etching usi.ng a chlorine-based gas 
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and a fluorine-based gas and Oz. 

Because the second conducting layer has at its edge a 

larger taper angle (45° to 80°) than the taper angle at the 

edge of the first conduct.ing l.ayer ( bel.ow 60° and preferabl.y 

l.ess than 5°) • the second conducting l.ayer .1.s narrower in width 

· than the first conducting layer. 

· The chlorine-based gas is a gas selected from among Cl2 • 

BCL3 • SiCl.4 and CC14 • The fluorine-based gas is a gas sel.ected 

from among CF4 • SF6 and NF3. 

A semiconductor device having a gate el.ectrode having 

a taperi.ng shape obtained by thJ.s method is al.so a characterizi.ng 

feature of the present invention. It :f.s poss:f.ble to obta:f.n 

a GOLD structure TFT sel.f-aU.gn:f.ngl.y by form:Lng a gate electrode 

made up of a first conduct:f.ng layer and a second conducting 

layer with differ:lng taper angles and then carrying out doping 

of an impurity element. 

That is, the invention further provides a method for 

manUfactur.ing a semi.conductor dev.ice .includ.1.ng a sem.iconductor 

layer formed on an insu.l.at.1ng surface. an insulating film formed 

on the semj_conductor layer. and a gate electrode formed on 

the insulating fi1m. :ln which method the gate el.ectrode has 

a layered structure made up of a first conducting layer 

cons ti. tu ting a lower layer and a second conducti.ng layer 

constituti.ng an upper layer and hav:f.ng at :I.ts edge a taper 

angle larger than a taper angle at the edge of the first conducting 
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l.ayer. and the sem:l.conductor l.ayer has a channel.-form:l.ng region 

overlapping with the second conducting layer across the 

insulating film, an LDD region overlapping with the first 

conducting l.ayer across the insul.ating f:l.lm, and a source region 

and a drain region. 

In th:ls method• the edge of the semiconductor layer is 

preferably given a tapering shape as shown in Figs. 3A through 

3E and Figs. 9A through 9E. 

And in this method, as shown in Figs. 3A through 3E and 

Figs. 9A through 9E, the edge of the semi.conductor J.ayer is 

covered by an insul.at.ing fil.m provided between the gate el.ectrode 

and the semi.conductor l.ayer. And as shown in Figs. 3A through 

3E and Figs. 9A through 9E, the 1nsu1ating film has a tapering 

shape in the proximity of the gate el.ectrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA through lD are· charts showing etching 

characteristics of a W film and a TaN fil.m; 

Figs. 2A and 2B are photographs of a gate el.ectrode before 

and after etching; 

Figs. 3A through 3E are views il.l.ustrating steps of etchJ.ng 

and doping a gate electrode in accordance with the invention; 

Fig. 4 is a graph showing variation of the length of 

an LDD region with etching conditions; 

Figs. SA through SC are views il.l.ustrating a process 
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for manufacturing an AM-LCD (Active Matrix Liquid Crysta1 

Displ.ay) in accordance with the invention: 

Figs. 6A through 6C are further views i11ustrating the 

same process for manufacturing an AM-LCD (Active Matrix Liquid 

Crysta1 Disp1ay): 

Fig. 7 :Ls a further view :l.11ustrating the same process 

for manufacturing an AM-LCD (Active Matrix Liquid Crysta1 

Displ.ay): 

Fig. 8 is a sectional. construction view of a ref1ective 

l.iquid crystal. displ.ay: and 

Figs. 9A through 9E views il.l.ustrating steps of etching 

and doping a gate e1ectrode in accordance with the invention. 

Figs. lOA through lOF are views i11ustrating examp1es 

of el.ectronic equipment. 

Figs. llA throu9h llD are views il.1ustrating examp1es 

of e1ectronic equipment. 

Figs. 12A through 12C are views i11ustrating exampl.es 

of el.ectronic equipment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Practicing Mode 

The present inventors carried out a number of exper:lments 

rel.ating to best modes of practicing the invention. These 

wil.1 now be discussed using Figs. IA through 4. The foll.owing 

description wil.1 take as an exampl.e the case of a gate el.ectrode 
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structure wi. th tantal.um ni. tri.de as a l.ower l.ayer and tungsten 

as an upper 1ayer; however. the 1.nventi.on 1.s not 11.mi.ted to 

thi.s gate structure. and 1ayers cons1.st1.ng of any el.ements 

sel.ected from among tungsten. tanta1um, t1.tan1.wn, mol.ybdenum. 

si.lver and copper and so on, or n1.tr1.des havi.ng these e1ements 

as consti.tuents, or a11oys of these el.ements may be su1.tab1y 

se1ected. 

In th:l.s 1.nvent:lon. an apparatus (herei.nafter also ca11ed 

an ICP dry etch:lng apparatus) havi.ng an ICP ( Inducti. ve1y Coupl.ed 

Pl.asma) p1asma source was used as the etchi.ng apparatu~. A 

character:lzi.ng feature of the ICP dry etchi.~g apparatus is 

that an ICP power. which 1.s the plasma source, and a bi.as power, 

whi.ch produces a negati.ve bias vol.tage on the substrate si.de, 

can each be contro11ed independent1y. 

Experment 1 

Fi.rst, character1.st1.cs obta:lned when thi.s ICP dry etching 

apparatus was used to etch a tungsten (W) fi.1m and a tantal.um 

nitride (TaN) fi1m w111 be descr:lbed. · 

When an ICP dry etchi.ng apparatus 1.s used, the.1.mportant 

parameters 1.n the etching are the ICP power, the bi.as power, 

the etching chamber pressure, the etching gas and the fl.ow 

of the etchi.ng gas. The etoh:i.ng rates of a W film ·and a TaN 

film were measured for di.fferent combinations of values of 

these parameters. The resul.ts are shown in Tabl.e 1 and Fi.gs. 
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lA through lD. 

Tab1e 1 

(etch.1.ng rates (E.R.) of Wand TaN. and W taper angl.e) 

ICP bias pressure CF, Cl, o. IE.R.© Tai E. R. @ l/TaN selection ratio W taper anrte 
condition [W] 00 [Pa] [sccli] Cn.t•inl Cn.tainl ©+® [dea:l 

l 500 20 1. 0 -30 30 0 58. 97 66.43 0.889 80 
z 500 60 1. 0 30 30 0 88. 71 118. 46 0. 750 25 
3 500 100 1. 0 30 30 0 111. 66 168. 03 0. &67 18 
4 500 20 1. 0 25 25 10 124. 62 20. 67 &. 049 70 
5 500 60 1. 0 25 25 10 161. 72 35. 81 4. 528 35 
6 500 100 t. 0 ZS 25 10 176. 90 56. 32 3.008 32 
7 500 150 1. 0 25 25 10 200. 39 80. 32 2. 495 ZS 
8 500 200 I. 0 25 25 10 218. zo 102. 87 2. 124 22 
9 500 250 1. 0 25 25 10 232. 12 124. 97 I. 860 19 

10 500 20 J. 0 zo 20 20 - 14. 83 - -
11 500 60 t. 0 20 20 20 193. 02 14. 23 13. 695 37 
IZ 500 100 1. 0 20 20 20 235. 27 21. 81 10. 856 29 
l3 500 150 1. 0 20 20 20 276. 74 38. 61 1. 219 26 
14 500 200 I. 0 20 20 20 290.10 45. 30 6.422 24 
15 500 250 t.O zo 20 20 304. 34 50. 25 6.091 22 

It is to be noted that ·-· in the above Table 1 means that 

measurement 1.s imposs1.b1e because the W surface 1.s changed 

in qual.1.ty during the etchi.ng. 

As the sample structure used for the etching rate 

measurements. a 400nm W f.1.lm or a 300nm TaN film was formed 

by sputtering on a Corning Corp. #1737 substrate, and using 

a photores:l.st mask of a su.1. tab1e shape the W f.1.lm or TaN f.i.l.m 

was hal.f-etched for a sui tabl.e ti.me. '!'he amount of etchJ.ng 

of the W f.1.lm or TaN f:l.lm was then measured with a step measuring 

instrument, and the etch:l.ng rate was cal.cul.ated from this and 

the etching ti.me. The resul.ts are shown 1.n Table 1 and Figs. 

lA and lB. 
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In Table 1, etching rates were evaluated for di.fferent 

bi.as power and etching gas conditions. with the ICP power fixed 

at SOOW and the chamber pressure.fixed at 1.0Pa. 

Tab1e 1 and F:Lg. lA show data on the dependency of the 

etchi.ng rate of the W f i.lm on the bi.as power and tbe etchi.ng 

gas. It can be seen that the etchi.ng rate of the W film increases 

wi.th increas:Lng bi.as power and with the addl.ti.on of oxygen 

(02 ) to the etchi.ng gas. 

Tabl.e 1 and F:l.g. lB show data on the dependency of the 

etch1.ng rate of the TaN fi.lm on the bi.as power and the etchi.ng 

gas. Here it can be seen that al.though 11.ke the etchi.ng rate 

of the W film the etching rate of the 'l'aN fi.lm 1.ncreases with 

:Lncreas.ing bias power, the etch1.ng rate decreases with the 

addition of oxygen to the etch:l.ng gas. 

When the data of Tabl.e 1 was used to obtain the sel.ecti.vity 

of a W film w:Lth respect to a TaN film (the ratio of the etoh:l.ng 

rate of a W fil.m to the etching rate of a TaN f.i.l.m) , as shown 

1.n Tabl.e 1 and Fig. lC 1.t was found that whereas thi.s sel.ect.iv:Lty 

is 1ess than 1 when no oxygen 1.s added to the etchi.ng gas, 

:Lt increases to a maximmo of 13.695 when oxygen .is added to 

the etchi.ng gas. 

Exper.iment 2 

To ver:i.fy thi.s resu1 t. the inventors selected from among 

the conditions shown in Tabl.e 1 and actual.l.y carried out etching 
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on a sample with a layered structure made by forming a TaN 

fil.m on a gl.ass substrate and then forming a W f11m on the 

TaN film. 'l'he etching conditions and optical. microscope 

photographs of the resul.ts are shown in Figs. 2A an~ 2B. 

In Figs. 2A and 2B, an J.nsul.ating.fi1m consisting mainl.y 

of silicon is formed on a Corning Corp. 11737 g1ass substrate, 

and Sil.icon 201 crystal.~ized by means of heat or a l.aser is 

formed on that to a thickness of 55nm as an island-shaped 

semiconductor layer. The i.nsul.ating film is formed to prevent 

the emission of impurities from the gl.ass substrate and may 

be of any substance and thickness as l.ong as it 1.s 1.nsul.ating. 

A gate insul.ating film is formed so as to cover the 

island-shaped semi.conductor layer on the insulating film. 

A TaN ·film to serve as a first conducting f1.1m is formed 

to a thickness of 30mn on this gate J.nsul.ating fil.m, a W fi1m 

to serve as a second conducting film is formed to a thickness 

of 370mn on the first conducting fil.m, and gate el.ectrode and 

gate interconnection masks 202 are formed with photoresist 

on this. 

Fig. 2A shows the resul. t obtai.ned when the second 

conductin·g film was sel.ectivel.y etched using the conditions 

7 in Tabl.e 1 (wherein the ICP power is 500W, the bias power 

is 150W, and the chamber ·pressure is 1.0Pa; Cl.2 , CF4 and 0 2 

are used for the etching gas: and the fl.ows of the gases Cl.2 , 

CF4 and 02 are 25sccm, 25sccm and lOsccm respectivel.y). 
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Fig. 28 is a photograph of the gate electrode obtained 

by using the conditions 1 of Tabl.e 1 (wherein the ICP power 

is 500W, the bias power is 20W, and the chamber pressure is 

1. OPa; Cl.2 and CF" are used for the etching gas; and the respective 

f1ows of the gases Cl.2 and CF, are each 30sccm) to etch the 

W fil.m and the TaN film on the substrate obtained by sel.ectively 

etching the W film under the conditions 7. 

In Fig. 2A, the W film has a tapering shape with a taper 

angl.e of 26°; its edge 203 projects outside the resist mask 

by 700 to 800nm; and outside that it can be seen that a TaN 

film 204 remains on the gate insulating film, unetched. 

In Fig. 28, the TaN f.ilm and the W f:U.m have been etched 

simul. taneousl.y and the 'l'aN f:l.l.m that bad remained outsi.de the 

taper.ing W film has been oompl.etel.y etched away. 

Th:l.s Exper:l.ment 2 was carried out on the basis of 

sel.ect:l.vities of a W film with respect to a TaN film obtained 

in Tabl.e 1, and conf~rms that sel.ective etching of a sampl.e 

actua11y hav:l.ng a 1ayered structure of a TaN film and a W film 

is poss.1.bl.e. Al.so, in Experiment l and Exper:l.ment 2 it was 

found from the shape of the W film after etching that there 

is a corzelat.i.on between the tap-er angl.e of the W film and 

the bi.as power. 

Experiment 3 

Next, taper angl.es obtained on etching W films were 
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measured. An insu1ating fi1m consisting mainly of silicon 

was formed on a Corning Corp. 11737 glass substrate, a 400nm 

W film was formed on that and then a photoresist 3.Spm 1ine 

mask was patterned. At this ti.me. a taper ang1e of 60° was 

formed on the edge of the photoresist. 

The insu1ating fi1m is provided to prevent the emission 

of impurities from the g1ass substrate dur.ing etch:l.ng of the 

W film, and as 1ong as there is se1ectivity of W fi1m with 

respect to it under the etching conditions used it may be of 

any type and thickness. The samp1e was etched under "different 

bias power and etching gas condi. t:Lons, and using SBM (Scanning 

Electron Hi:croscopy) its cross-sect:Lonal shape was observed 

and the taper angle measured. 

The results are shown in Tab1e 1. and F:Lg. lD. As the 

b~as power increases from SO to 250 Watts the taper ang1e of 

thew film gently decreases from 37° to 18°, but when the b.:Las 

power :Ls 20W the taper angle is 70° to 80° and thus the . shape 

of the edge of the w film is a1most vertica1. 

The present invention provides a semi.conductor dev.:Lce 

manUfacturing method characterized in that a gate electrode 

has a two-16y~c structure made up of a gate electrode layer 

consisting of a first conducting f:Llm and formed on this gate 

electrode layer another gate electrode layer consisting of 

a second conducting fi1m; the gate electrode 1ayer oonsist:tng 

of the second conducting film is selectively etched through 
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control of an etching gas in dry etching; and a taper angle 

of the edge of the gate electrode J.s controlled through control 

of a b.1.as power producing a negatJ.ve bias voltage on the substrate 

sJ.de in the dry etching. The shape of the gate electrode J.s 

freely worked and the gate electrode J.s used as a doping mask 

to dope an impurity J.nto a source regJ.on, a draJ.n regi.on and 

an LDD regJ.on having an Lott region and an Lov region using 

self-alignment. 

Second Practicing Mode 

Next, Fi.gs. 3A through 3E, wh1oh are cross-secti.onal 

views showing one end of a gate electrode, wi.11 be used to 

explaJ.n 1n detai.l a method for us:lng the results of Experiments 

1, 2 and 3 described above actually to form a source region, 

a drain region, an Lotf reg:i.on and an Lov regi.on 1n a semiconductor 

layer by dOping respecti.ve regions of the semi.conductor l.ayer 

sel.f-alJ.gningly, wJ.th the gate electrode as a mask. 

Fi.rst, the followi.ng sample i.s prepared. On a glass 

substrate 301, an insulating fi1m 302 consisti.ng mainly of 

s11i.con i.s formed to prevent the di.ffus1on of i.mpur1.t1.es from 

the glass subs~rate. Then, an i.s1antl-"shaped semi.conductor 

layer 303 and, covering th~s, a first shape gate insulating 

film 304A are formed on the insulating fi.lm 302. 

A TaN film to serve as a first conducti.ng fi.lm i.s formed 

to a thickness of 30nm on this sample, and a W film to serve 
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as a second conducti.ng f1.1m 1.s formed to a th.1.ckness of 370nm 

by sputter.1.ng on the f:l.rst conduct.1.ng f.1.lm. Then, a photores.1.st 

mask is formed so as to overlap with a region of the island-shaped 

semi.conductor layer to become a channel reg.1.on. 

A first dry etching is then carried out. . ( F.1.g. · 3A) As 

the etch.1.ng condi. tions, the ICP power :Ls SOOW, the bias power 

is lSOW, the chamber pressure 1.s l.OPa, and Cl2, CF4 and 0 2 

are used for the etch1.ng gas. The respective gas flows of 

the gases Cl2, CF4 and 02 are 25sccm, 25sccm and lOsccm. These 

etching cond.1.tions are the conditi.ons 7 shown 1.n Table l, and 

thus·.1.t is poss.1.ble to form a taper shape of taper angle 26° 

in the W fi1m and the select1.v1.ty of the W fi1m w.1.th respect 

to the TaN film :l.s about 2.5. Here, the W f:l.lm is dry-etched 

sel.ectivel.y using these conditions. In the etchi.ng, the 1:1.ght 

emiss.1.on strength of the plasma :l.s monitored to detect the 

end point of the etching of the W f:l.lm. 

Preferab1y, after the end po.1.nt is detected, over-etch.1.ng 

1.s carried qut so that there 1.s no occurrence of etch1.ng residues 

or the 11.ke, and here, to prevent the 'l'aN f.1.lm bei.ng etched 

excessi ve1y by a 1ong over-etch1.ng, a 10-t over-etch.1.ng is carr:l.ed 

out. 

As a resu1 t of th:l.s first dry etch.1.ng, the W f1.1m 

constitut:Lng the second conduct:l.ng f1.1m becomes a f.1.rst shape 

gate electrode layer (second conduct.1.ng layer) 306A hav.1.ng 

a taper angle of 26°, and the TaN f1.1m constitut.1.ng the first 
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conducting film, although it is etched through 13 to 14mm in 

the over-etching. remains over the whole substrate and becomes 

a first conducting film 305A. 

In the first dry etching. another gas selected from among 

chlorine gases such as Cl.2, BCL3 • SiCl,. and CC14 , f l.uori.ne gases 

such as CF,., SF5 and NF3, and 02. or a mixed gas having these 

as main constituents may alternativel.y be used. 

At this time, because the TaN film performs the role 

of a stopper layer. the first shape gate insul.ati.ng film 304A 

is not etched. 

Then. without the photoresist being removed, a second 

dry etching is carried out. As the etching conditions,· the 

ICP power is made soow, the bias power is made 2ow. the chamber 

pressure is made 1.0Pa, and Cl2 and CF4 are usEtd for the etchi.ng 

gas. The respective fl.ows of the gases Cl2 and CF4 are each 

30sccm. These are the conditions 1 shown in Table 1. The W 

film and the TaN film are etched at substantially the same 

etch:Lng rate, and become second shape gate el.ectrode layers. 

305B, 306B. 

In the second dry etching, dur:lng over-etching of the 

TaN film. the first shape gate insulat:lng filiii is etched by 

13.8 to 25~8nm and becomes a second shape gate insu1ating film 

304B. 

In the second dry etching, another gas se1ected from 

among chl.orine gases such as Cl2 , BCL3 , SiCJ.4 and CC14 , fl.uori.ne 
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gases such as CF4, SF& and NF3, and 02. or a mixed gas having 

these as main constituents may a1ternatively be used. 

Next. without the photoresist being removed, a f.irst 

dop.ing .is carried out, to form a source reg.ion and a dra.in 

reg.ion in the semi.conductor 1ayer 303. Here. to form n-type 

regions in the semi.conductor 1ayer, phosphorus was doped in 

a dose of l.5xl015 atoms/cm2 with an acce1erating vo1tage of 

SOkV. An n-type source reg:l.on and an n-type dra.in region 308 

were thereby formed .in the parts of the semi.conductor 1ayer 

doped with phosphorus. (Fig. 3B) 

Next. w.ithout the photoresist being removed. a third 

dry etchi.ng is carried out. (Fig. 3C) As a resu1 t of the second 

dry etch:l.ng, the photoresist 307A has become a second shape 

photoresist 307B. As the etching cond:l.ti.ons of the third dry 

etching, the ICP power is made SOOW, the bi.as power is made 

20W, and the chamber pressure :Ls made l.OPa. C12 and CF4 are 

used for the etching gas. The respective f1ows ·of the gases 

C1z and CF 4 are each 30sccm. 

Both the W fi1m and the TaN f1lm are etched :l.n th:l.s third 

dry etching. As a resu1 t of the third dry etching. the tapering 

part of the gate e1ectroae formed by the first and second dry 

etchings assumes a 1arger ang1e and the width of the gate electrode 

narrows. so that third shape gate electrode layers 305C. 306C 

are formed. 

In this third dry etching, the part of the second shape 
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gate insulating film 304B which does not over1ap with the second 

shape gate electrode layer 305B is slightly etched. And as 

the second shape gate electrode is etched and narrows in width 

to become the third shape gate electrode, the gate insu1ating 

film progressively exposed to the plasma also-is gradually 

etched, and a third shape gate insulating fi1m 304C.having 

a tapering shape is formed. Here, in the third dry etching, 

about 60nm of the gate insulating-film is etched. 

In the third dry etching, another gas selected from among 

chlorine gases such as Cl2, BCL3, Si Cl, and CCl,, fluorine gases 

such as CF4 , SFG and NF3, and.02. or a mixed gas having these 

as main constituents may alternativel.y be used. 

In the third dry etching it is preferable for SF6 to 

be used in the gas for etching the lf film and the 'l'aN film, 

because this makes it possible to obtain a high selectivity 

with respect to the gate insul.ating film. 

When SF6 :ls used in the gas for the third dry etching, 

for example the ICP power is made 5001', the bias power is made 

lOW, the chamber pressur.e is made l.3Pa, Cl.2 and SP~ are used 

for the etching gas, and the respective flows of the gases 

Cl.2 and SF6 are made 20scom ana·4osccm. At this t:ime the etching 

rate of the w·film is 129.Snm/m:l.n, the etching rate of the 

gate insul.ating film·is 14.0nm/m, and the se1ectivity of the 

w film with respect to the gate insul.ating fi1m is 9. 61. When 

the third dry etching is carried out with these conditions. 
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the gate insulating film is only etched by about Srun. 

An experiment was carried out to evaluate the etching 

rates of a W film. an Si~ film and a TaN film usin,g C12 and 

SF6 or Cl2 , SF6 and 0 2 under conditions other than those mentioned 

above. The results are shown in Table 2. 

Table 2 

(etching rates (R. E.) and selection ratios of tungsten (W) 

and a gate insulating film (GI) and tantalum nitride (TaN) 

under various etching conditions) 

Clz SF6 Oz ICP BIAS PRESS WH..R. GI B. R. TaN E.R. selection ratio 
[seem] [W] [W] (pa] [nm/11in] [nm/min] [nm/min] W/SiON W/TaN 
0 60 0 500 20 1. 0 94. 7 26. 9 3. 78 
10 50 0 500 zo 1. 0 90. 3 28. 3 3. 43 
20 40 0 500 20 I. 0 113. 4 31. I 3. 87 
30 30 0 500 20 l. 0 105. 6 37. 5 2. 98 
40 20 0 500 20 1. 0 94. 5 37. 7 2. 67 
20 40 0 500 10 1. 3 129.5 14. 0 85. 1 9. 61 l. 52 
20 40 0 500 20 1. 3 185. 1 44.3 137. 5 4.45 1. 35 
20 40 0 500 30 1. 3 173. 0 57. 2 3. 19 
20 40 0 700 20 1. 3 251. 2 49. 9 135_. 0 5. 44 1. 86 
20 40 0 900 20 1. 3 358. 1 65. 2 5. 81 
20 40 0 700 10 l. 3 274. 3 29. 8 107. 4 9. 33 2. 56 
10 50 0 500 20 1. 3 140. 6 27. 6 144. I 5. 43 0. 98 
10 50 0 500 10 1. 3 104. 3 12. 8 111. 2 8. 36 0. 94 
30 30 0 500 20 1. 3 153. l 48. 2 116. 4 3. 36 l. 32 
0 60 0 500 20 1. 3 146. 5 
10 50 0 500 20 1. 3 144. 1 

20 40 0 500 20 1. 3 137. 5 

30 30 0 500 20 1. 3 116. 4 

40 20 0 500 20 1. 3 86. 1 

50 10 0 500 20 I. 3 52. 3 

25 25 10 500 20 1. 0 131. 1 32. 7 4. 25 

20 20 20 500 20 I. 0 136. 9 28. 0 5. 10 
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When Cl.2 and SF 6 or Cl.2• SF 6 and 0 2 are used for the etching 

gas in the third dry etching. conditions shown J.n Tabl.e 2 may 

be suitabl.y sel.ected and used. 

Next. wJ.thout the photoresist beJ.ng removed, a fourth 

dry etching is carr1.ed Qut. (Fig. 3D) As a result of the third 

dry etching, the photoresist 307B has changed in shape to a 

thi.rd shape photoresist 307C. As the etchJ.ng condi.tions of 

the fourth dry etching, the ICP power is made 500W, the bias 

power is made 20W, the chamber pressure is made l.OPa, and 

Cl.2, CF 4 and 0 2 are used for the etching gas. The respect:l ve 

flows of the gases Cl.2, CF4 and 0 2 are made 25sccm. 25sccm and 

lOsccm. 

In this fourth dry etchJ.ng, as a resul. t of the bi.as power 

being made 20W, a sti.11 greater taper angle of 70° 1.s formed 

at the edge of the thi.rd shape gate electrode (the W film). 

And the width of the W f:llm of the gate el.ectrode narrows 

further to form a fourth shape gate electrode layer 306D. 

'l'hus, a fourth shape gate el.ectrode having a gate el.ectrode 

layer 306D narrower in width than the gate el.ectrode l.ayer 

305D is formed by the fourth dry etching. 

And. in the fourth dry etching, because the W fi1m of 

the third shape gate el.ectrode is etched sel.ectivel.y, the end 

of the TaN fi1m of the fourth shape gate electrode is exposed. 

Since 0 2 was added to the etching gas of the fourth dry etching. 

the etching rate of the TaN film provided as the lower layer 
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of the gate electrode is. from Table 1, 20.67nm/m:l.n, and is 

sl.ow compared to the W film etching rate of 124.62nm/min, so 

that the TaN film undergoes very 11ttle etch.ing. 

Consequentl.y, after the fourth dry etching, the TaN f:llm 

constituting the l.ower layer of the fourth shape gate el.ectrode 

has the same width as in the third shape gate electrode, and 

a fourth shape gate el.ectrode layer 305D having a taper:Lng 

shape at its edge is formed. 

In the fourth dry etching, a gas selected from among 

chlorine gases such as Cl2, BCL3, s1c1, and eel.,, fl.uor:Lne gases 

such as CF4 , SF6 and NF3 , and 0 2 , or a mixed gas having these 

as main constituents may al.ternativel.y be used. 

In the fourth dry etch.f.ng, the part of the thJ.rd shape 

gate insul.atJ.ng f:l1m 304C which does not overlap with the third 

shape gate el.ectrode layer 305C is slightly etched and a fourth 

shape gate insulatJ.ng fi.lm 304D is formed. 

In the third and fourth dry etch:Lngs the part of the 

gate insulating film which does not overlap with the fourth 

shape gate electrode layer 305D is etched by 57 to 73nm, and 

the gate insul.atJ.ng film is etched by a maximum of 88nm by 

the first through fourth dry etchings. 

However, in the second, third and fourth etchJ.ngs, and 

particularly in the t~ird etching, when SF5 is used in the 

etching gas, the gate insulating £1.l.m is onl.y etched by a maximum 

of 20nm. 
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As a resu.lt of the first. second, third and fourth dry 

etch:i.ngs. a gate e1ectrode and a gate insulating f1.1m are formed 

which have the foll~ing characteristics. The gate electrode 

layer 305D has a l.onger shape in the channel. l.ength direct.ion. 

that is. a greater width. than the gate el.ectrode layer 306D. 

The fourth shape gate insul.at.1.ng fi1m 304D is made up of ·a 

first gate insulating film region 309. having a first thickness. 

overlapping with the gate electrode (the TaN fil.m); a second 

gate insul.ating film region 310. having a second thickness. 

outside the gate el.ectrode; a third gate insu.lating fi.1m region 

311, changing in thickness from the first thi.ckness to the 

second thickness between the first gate insulating film region 

and the second gate insulating film region i and, for convenience. 

a fourth gate insul.ating film region 312 •. denoting the part 

of first gate insulating film region 309 which overlaps with 

the fourth shape gate electrode layer 306D. The first gate 

insulatingfilmregion,whichincludesthefourthgateinsulating 

film region, is the thickest. and the second gate insulating 

film region is the thinnest. 

In the first, second, third and fourth dry etchings, 

thefirstandseconddryetchingscanbecarriedoutconsecutively 

by changing cond:I. ti.ons in the same chamber, and the third and . . 

fourth dry etchings.can al.so be carried out consecutively by 

changing condi.tions in the same chamber. 

When the fourth dry etching is finished, the mask 307D. 
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having changed to a fourth shape in the fourth dry etch1.ng, 

is removed. Here, the mask 307D can be removed with an 02 gas 

plasma using an RIE dry etchJ.ng apparatus. 

Then, us.1ng the fourth shape gate electrode as a mask, 

a second doping is carried out to form in the semiconductor 

layer 303 se1f-al.igning1y an·n-channel semiconductor 1ayer 

to constitute an LDD region. (Fig. 3B) Here also, for 

convenience, regions in the semiconductor layer 303 wi11 be 

named, in correspondence with the first through fourth gate 

insulating film regions named above. 

That is, the semi.conductor J.ayer region over.lapping with 

the first gate insul.ating film region wil.1 be cal.l..ed the f:Lrst 

semiconductor l.ayer region 313; the semi.conductor l.ayer region 

overl.app1.ng with the third gate insulating film region will 

be ca.ll.ed the third semi.conductor layer region 314; and the 

semiconductor I.ayer region over.lapping with the fourth gate 

insul.ating f1.1m region wil.l. be cal.l.ed the fourth semi.conductor 

1ayer region 315. Here the fourth semi.conductor I.ayer region 

315 constitutes a channel region, through which a current fl.ows 

when the semiconductor device is ON. 

However, because the region overl.apping with the second 

gate insulating fil.m region 310 is the source region or ·the 

drain region 308, this region wil.l. be cal1ed the second 

semiconductor l.ayer region 308. 

At this time, it is important that an impurity .1.s doped 
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into the f .1.rst semi.conductor layer reg:ion 313 through the gate 

electrode J.ayer 305D and the f:Lrst gate :Lnsul.at:Lng f:Ll.m regi.on 

309. 

Us:Lng phosphorus as the dopant, and w:L th dop:lng condi. ti.ons 

of dose: 3.5xl012 atoms/cm2
, accelerating voltage: 90kV, an 

n-channel. LDD reg:ion havi.ng a lower impurity concentrati.on 

than the source region or the drain regi.on 308 formed 1.n the 

f:Lrst doping :Ls formed 1.n the fi.rst semiconductor l.ayer reg.ion 

313 and the th.ird semi.conductor layer region 314. 

And 1.n the LDD regi.on, the first semiconductor J.ayer 

regi.on 313, because it overl.aps w:Lth the gate el.ectrode 1~yer 

305D across the first gate i.nsul.ati.ng fi.1m reg:lon 309, becomes 

an Lov regi.on. 

In the second dop:lng the semi.conductor layer regions 

313 through 315 and 308 become semiconductor J.ayer regions 

each having a different impurity concentration, and there is 

the characteristic that the value of the impurity concentrat.ion 

in the source regi.on and the drain region 308 is the h.ighest, 

the value in the channel. reg.ion 315 is the lowest, and the 

val.ue .in the Lov regi.on 313 is lower than the val.ue :ln the Loff 

reg:Lon 314. 

The impurity concentration in the Lov region is J.ower 

than :Ln the Loff region because the films positioned above the 

Loff region 314 and the Lov reg.ion 313 and thei.r fi.lm thicknesses 

are different. When an impur.ity is doped into semiconductor 
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·layer regions through films formed on the semi.conductor layer 

reg.ions, if the thicknesses and/or the materials of the films 

differ, the amounts of impurity reaching the semiconductor 

layer reg~ons di.ffer and the impurity concentrations of the 

semi.conductor 1ayer regions w.111 be different. · 

Above the Loff region 314 there is formed the third gate 

insulating film region 311, which.changes in thickness from 

the above-mentioned first thickness to the above-mentioned 

second thickness. 

Above the Lov region 313, on the other hand, there is 

form~d the first gate insulating film region 309, which has 

the above-mentioned first thickness. and on the first gate 

insu1ating film region 309 there is formed the fourth shape 

gate electrode layer 305D. 

Consequently,whendopingofanimpurityelementiscarried 

out, the amount of the impurity reaching the semi.conductor 

layer is lower in the Lov region than in the Loff region. and 

the resuJ. ting impur:L ty concentration of the Lov reg:l.on is lower 

than that of the Lott re9ion. 

In the pract1.cing mode described above, the gate el.ectrode 

is made up of two layers and the gate electrode :Ls worked freely 

with :l. t be1.ng a characterizi.ng feature of the practicing mode 

that a 26° to 70° tapering shape is formed on the edge of the 

gate electrode (W film) and the W film of the gate electrode 

i.s etched selectively with respect to the TaN film of the gate 
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electrode. And by dop1.ng an 1.sland-shaped semi.conductor layer 

w:l.th an impur:l.ty using the gate electrode as a mask. 1.t J;s 

possible to form a source region. a drain region. an Lov region 

and an I.off region in the semiconductor 1ayer self-a11.gn.ingly. 

and thereby form an n-channel semi.conductor dev1.ce hav1.ng a 

GOLD structure. 

In this pract1.c1.ng mode the gate electrode was used as 

a mask to form an LDD reg.ion havi.ng and Loff reg1.on and an Lov 

region self-aligningly. but when a send.conductor devi.ce 1.s 

actually bei.ng made. the lengths of these regi.ons 1.n the channel 

length d1.rect1.on (hereinafter s.imply called the LDD length, 

the I.off length and the Lov l.ength) infl.uence the character1.st1.cs 

of the semiconductor device. And the optimum val.ues of the 

LDD length. the Loff length and the Lov length d1.ffer accord.ing 

to the purpose for wh.ioh the semiconductor device 1.s to be 

used. Therefore. there is a need for the ability to control. 

the values of the LDD l.ength. the Loff length and the Lov J.ength 

in each manufactur1.ng process. 

The mechanism by which the LDD region. the LOff regi.on 

and the Lov reg.1.on are formed wi.l.l now be explai.ned aga1.n us1.ng 

Figs. 3A through 3B. 

From Fi.g. 3B, the LDD length is the length of the channel 

length direction component of the portion pos1.tioned outs1.de 

the res.ist of the taper1.ng part of the second shape gate electrode 

layers 305B and 306B formed by the second dry etching: the 
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Loff length 1.s the J.ength through which the gate el.ectrode I.ayer 

305B is etched in the channel length direction in the third 

dry etching; and the Lov l.ength 1.s the length through which 

the gate electrode I.ayer 306B al.one is etched sel.ectiv~l.y in 

the channel l.ength direction in the fourth dry.etching. 

In other words. the LDD l.ength can be contro11ed by 

contro11ing the taper angle of the gate ·eiectrode obtained 

through the first and second dry etchings; the Lo£:f length can 

be control.l.ed by contro11ing the amount by which the J.ower 

gate electrode layer (the TaN fi1m) is etched. i.e. the etching 

time. in the third dry etching; and ·the~ length can be control.1.ed 

by control.ling the amount by will.ch the upper gate el.ectrode 

layer (the W film) is etched. i.e. the etching time. in the 

fourth dry etching • 

. In thi.s connection, w:lth the taper angl.e of the gate 

el.ectrode obtained through the first and second dry etchings 

made 26°. the Loff l.ength and the Lov 1en·gth were measured for 

different etching times in the third and fourth dry etchings. 

The results are shown in Tabl.e 3. 

Tabl.e 3 (etching peri.od and Loff length and Lov J.ength) 

sample name A B c 

third etChing period [sec] 40 50 60 

fourth etching period [sec] 40 30 20 
Loff length [nm] 180 320 480 
Lov length [nm] 780 620 420 
LOO length[nm] 960 940 900 
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The total. thickness of the gate el.ectrode 1ayer consisting 

of the first conduct:l.ng film and the gate e1ectrode 1ayer 

consisting of the second conducting film here is 400nm. and 

the LDD reg:ion 1e~gth is 820nm; however. :l.n practi.ce thi.s wi1l. 

become about lOOnm 1onger as a resul.t of etching of the resist 

mask in the channel. l.engt~ directi.on in the third and fourth 

dry etchi.ngs. 

When th~ third and fourth etching times were made 80sec 

in total. and an eval.uation of the Loff l.ength and the Lov l.ength 

under three different combinations of the respective etching 

times was carried out. it was confi.rmed that when the third 

etching ti.me .i.s .i.ncreased and the fourth etching time is reduced 

the Loff l.ength becomes l.onger and the Lov l.ength becomes shorter. 

It was found that w.i.th the LDD l.ength made a maximmn the I.off 

l.ength and the Lov 1ength can be free1y contro11ed by means 

of the third and fourth dry etchings. 

Preferred Embodiments 

First Pref erred Embodiment 

In this preferred embo<liment a process for using the 

technol.ogy of the invention to make TFTs having n-channe1 and 

p-channel. semiconductor 1ayers usi.ng five masks and to 

manufacture a refl.ecting-type liquid crystal displ.ay will be 
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described in detail. 

(Figs. SA through SC) In this preferred embodiment. a 

Corning Corp. 11737 g1ass substrate 501 of barium boros:l.1.icate 

g1ass or al.um.ino-boros.11:1.cate g1ass was used. Al.ternat:l.ve1y. 

a quartz substrate. a s.11:1.con wafer or a heat-res:l.stant p1ast:l.c 

substrate may be used. 

A base film 502 :l.s formed on the s:l.de of the substrate 

501 on wh:l.ch the TFT .is to be made. Th.is base film 502 :ls 

for preventJ.ng the d:l.ffusion of impur:l.ties from the substrate 

SOl and may be any insu1ating film having si1:1.con as a main 

constituent. such as a s:l.1icon oxide film, a si1icon nitride 

fi.1m or a si1icon oxide ni tr:l.de fi1m. By pl.asma CVD or sputterJ.ng 

one or more of these .insu1atJ.ng f1lms may be se1ected.and formed 

1.n 1ayers as necessary. In this preferred embodiment. the 

base film was given a two-layer structure. 

As a first 1ayer insulating film S02a. a silicon oxide 

nitride f:l.lm 1.s formed to a thickness of 10 to 200nm (preferably 

50 to lOOnm) with SiH,. NH3 and N20 as the r~acti.on gas. In 

this preferred embodiment the first I.ayer of the base fi.lm 

was made a sili.con oxide ni.tri.de film 502a (composition Si=32t. 

0=27%. N=24%. H=17t) and formed to a thickness of 50nm. 

Next. a second layer of base fi.lm 502b is formed. A 

si.l.icon oxide n:l.tr:l.de film 502b :l.s formed by pl.asma CVD to 

a thickness of 50 to 200mn (preferab1y 100 to 150nm) w.ith S.1H4 

and N20 as the reaction ~as. In this preferred embodiment. 
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a silicon oxide nitride film 502b of thickness lOOnm ( composi t:l.on 

Si=32%. 0=59t. N=7t, H=2t) was formed. 

Then, semiconductor 1ayers 503 through 507 are formed 

on the base film 502. For the semiconductor l.ayers 503 through 

507, noncrystal.line films are formed by ordi.nary means such 

as plasma CVD or sputtering and then crystallized using a known 

crystallization method such as laser crysta11izat1.on or thermal 

crystallization and patterned to form island-shaped 

semiconductor 1ayers. The semiconductor 1ayers are formed 

to a thickness of 25 to 80nm (preferabl.y 30 to 60nm) • At this 

ti.me silicon or a sil.icon-germanium alloy is preferab1y used 

as the semiconductor material. 

In thi.s preferred embodiment. a noncrysta111.ne silicon 

fi1mwasformedto5Snmbyp1asmaCVDandthenaso1utioncontain:l.ng 

nickel. was held over the noncrystal.l.ine silicon film. This 

noncrystal.J.ine si1icon film -was dehydrogenated by being 

heat-treated for l hour· in an oven heated to 500°, after which 

the temperature of the oven was raised and crystal.l.ization 

carried · out for 4 hours at 550°. To further promote 

crystal.l.ization a linear annea1i.ng process was carried out, 

and a crysta11.ine silicon film was obtained. 

In the forming of the noncrystal.l.ine silicon fi1m, to 

prevent contand.nation by :tmpur:l.ties at the interfaces between 

the first and second layer base films 502a and 502b and the 

semi.conductor layers 503 through 507, preferably the films 
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are formed consecutive1y in the same chamber as the 502b or 

inadifferentchamberbywayof anevacuatedpreparationchamber, 

without the substrate being exposed to the atmosphere. 

The necessary parts of this crysta11ine si1icon fil.m 

were masked by photo1ithography and the isl.and-shaped 

semi.conductor layers 503 through 507 were formed by dry etching. 

For the dry etching, by CF4 or another f1uorine gas and 0 2 

being used for the process gas, the crystalline silicon film 

is e~ched together with the photoresist so that the edges of 

thesemiconductor1ayersassumeataperingshapeandthecoverage 

in the formation of gate .insulat:ing films and insulating films 

betweenlayersthereafterisgood. Inthispreferredembodiment, 

the crystalline silicon film was etched using an RIB apparatus 

with an etching chamber pressure of 13.3Pa. an RF power of 

500W, and 0 2=45sccm, CF4=50sccm as the process gas, and 

semi.conductor layers 503 through 507 made from the crystal.l.ine 

silicon fil.m having a tapering shape with a taper ang1e of 

22 to 38° at their edges were formed. 

For threshold value control of the TFTs, :in the 

semiconductor layers 503 through 507, a sma11 quantity of an 

±mp1;1rity element (a group 13 atom such as boron or a group 

15 atom such as phosphorus) may be added to the channe1 regions. 

In this preferred embodiment. boron was doped into the 

semiconductor 1ayers 503 through.507 over their entire faces 

to a dose of 5xl013 atoms/cm2 and with an acce1erating vo1tage 
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of 30kV. 

A gate insu1ating fi1m 508 is formed on the substrate 

so as to cover the semiconductor 1ayers 503 through 507. The 

gate insu1ating film 508 is formed to a thickness of 40 to 

150nm using an ordinary method such as p1asma CVD or sputterJ.ng. 

As the materia1 of the gate insu1ating fi1m, an oxide or a 

nitride consisting mainly of silicon, or an oxide of a meta1 

such as tanta1um or aluminum is used. In this preferred 

embodiment, a silicon nitride film (composition Si=32t, 0=59t, 

N=7%, H=2t) was formed to a thickness ·of 115nm by plasma CVD. 

And in this preferred embodiment, the gate insulating film· 

508 was formed as a single layer: however, a1ternativel.y it 

may be a structure of two or more layers of film se1ected from 

insulating films consisting maj_Jlly of silicon or oxide films 

of metals such as tantalum and aluminum. 

And when a silicon oxide fi1m is used·, it can be formed 

by plasma CVD by mixJ.ng TEOS (Tetraethyl Orthosil.icate) and 

02 and effecting e1eotrical discharge at a react1on pressure 

of 40Pa, a substrate temperature of 300 to 400°, and a 

high-frequency (13.SMHz) power density of 0.5 to 0.8 W/cm2 • 

Good characteristics can be obtained from a silicon oxide 

film made in this way by therma11y annealing it thereafter 

at 400 to 500°C. 

Next, a first conducting film 509 and a second conducting 

film 510 are formed on the gate insulating film 508. For each 

44 



of the conducting films a materia1having1ow resistivity and 

having heat-resistance i:s des1.rab1e. and they are formed from 

an e1ement se1ected from tungsten. tanta1um. titanium. 

mo1ybdenum, sil.ver. and copper and so on. a nitride containing 

one of these el.ements. or an al.1oy combining two or more of 

these el.ements. 

The first conducting film 509 ·and the second conducting 

fi1m 510. after subsequent steps. function as gate el.ectrodes 

and gate interconnections. It is a characterizing feature 

of this invention that the gate el.ectrode has two l.ayers. and 

h~re the gate el.ectrode has a l.ower gate el.ectrode l.ayer 

consistingofthefirstconductingfilni509andhavingathickness 

of 20 to lOOnm and an upper gate el.ectrode l.ayer consisting 

of the second conducting film 510 and having a thickness of 

100 to 400nm. 

In this preferred embodiment TaN was chosen for the first 

conducting fil.m 509, and formed to a thickness of 30nm by 

sputtering. Thesecondconductingfilm510ispreferabl.yformed 

with the same apparatus as the apparatus used for formi.ng the 

first conducting film 509 and is preferabl.y formed consecutivel.y 

in an apparatus having a pl.ural.ity of targets in a singl.e 

fil.m-forming chamber or an apparatus ha!ing a pl.ural.ity of 

film-forming chambers. This is so as to fo:cm the fil.ms 

consecuti vel.y in the same apparatus without exposing the 

substrate to the atmosphere and thereby prevent the occurrence 
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of contam:tnation by impurities of the interface between the 

first conducting film 509 and the second conducting film 510. 

Tungsten (W) was chosen for the second conducting film 

510 and formed to a thickness of 370nm a1so by sputtering. 

A tungsten film can a1so be formed by p1asma CVD. However. 

for its use as a gate electrode layer. the resistivity of the 

Wfilmshou1dbekeptbe1ow20µQcm. Inthispreferredembodiment, 

by using a 99.9999i or 99.99i pure tungsten target and a1so 

paying amp1e attention to ensuring that there is no mixing 

of impurities from the gas phase during film-forming, it was 

possib1e to realize a resistivity of 9 to 20µCcm. 

Next. using a photores:Lst mask made by photol.i thography, 

·the f:l.rst conduct.ing film 509 and the second conducting film 

510 are dry etched _to form gate e1ectrodes and gate 

interconnections. Resist masks 511 through 517 are formed 

on the second conducting film 510. 

In this preferred embodiment. a dry etching apparatus 

hav:l.ng an ICP (Inductivel.y Coupl.ed PJ.asma) pl.asma source was 

used for the dry etching of the gate e1eotrodes. ThJ.s will. 

be exp1~ined here with reference to Figs. 3A through 3E. Figs. 

SA through- SC and Figs. 6A through 6C. In Figs. 3A through 

JE. a gate electrode layer 305. a gate electrode 1ayer 306. 

a gate insulating film 304 and a photoresist 307 after different 

dry etchings are shown in detail.. In the first dry etching 

step the second conducting film 306A is sel.ectivel.y etched 
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and a gate e1ectrode 1ayer 305A and a gate interconnection 

.layer. and a gate e1ectrode layer 306A and a gate interconnection 

1ayer. having first shapes. are formed. In Figs~ 3A through 

3E on1y the gate e1ectrode is shown. and the gate interconnection 

is not shown. 

Inthispreferredembodiment.asthedryetchingconditions, 

the ICP power was made soow. the bias power was made lSOW, 

the etching chamber pressure was made 1 • OPa. and C12, CF 4 and 

02 were used for the process gas. The flows of the gases C12• 

CF4 and 02 respectivel.y were 25sccm, 25sccm and lOsccm. 

Here. the tungsten, which is the second conducting fi1m, 

was sel.ect.1ve1y etched, and a tapering shape having a taper 

ang1e of 23° was formed ·at its edge. The W film of the gate 

electrode is se1ective1y etched because as a result of the 

process gas containing 0 2 the etching rate of the tungsten 

rises and the etch:l.ng rate of the TaN film fal1s. and as a 

result of the bias power being set to 150W a gate electrode 

havi~g a sma11 taper ang1e is formed. 

In the first dry etch:l.ng, another gas se1ected from among 

chl.orine gases such as Cl.2 • BCL3 • SiCl.4 and CCl.4. f1uorine gases 

such as CF4• SF6 and NF3 • and 02 , or a mixed gas having these 

as main constituents may a1ternative1y be used. 

Because· the gate el.ectrode layer 305A is onl.y etched 

about 13 to 14nm by the over-etching of the gate electrode 

layer 306A and remains present over the entire face of the 
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substrate. the gate i.nsu1ati.ng f:Um posi. ti.oned underneath the 

gate e1ectrode 1ayer 305A i.s not etched and bas the shape shown 

w:l.th the reference numera1 304A. 

A second dry etchi.ng :l.s then carr.ied out. The photoresi.st 

mask has now assumed a f:l.rst shape 307A as a resu1t of the 

first dry etchi.ng. Th:l.s photoresist 307A is not removed and 

is used as it is. In the etchi.ng the condi.ti.ons are changed 

but the process i.s carried out i.n the same apparatus and the 

same chamber. 

As a resu1t of the changes to the process gas and the 

process condi.ti.ons :l.n the etch:l.ng the TaN f.i1m gate e1ectrode 

1ayer and the W fi.lm gate e1ectrode 1ayer are etched 

simu1taneous1y. and a gate e1ectrode 1ayer 3058 and a gate 

e1ectrode 1ayer 306B having a second shape are formed. In 

this preferred.embodiment, the ICP powe~ was made soow. the 

bias power was made 20W. the etching chamber pressure was made 

l.OPa, and C12 and CF, were used for the process gas. The f1ows. 

of the gases ~12 and CF4 were each 30sccm. 

As a resu1t of the bi.as power be:l.ng made smal.1er than 

in the first dry etch.1.ng, the taper ang1e of the edge of the 

gate el.ectrode bec0mes l.arger and the width of the gate el.ectrode 

narrows. And because the process gas does not contain 02 the 

tungsten and the TaN f1.1m are etched at the same time, and 

a gate e1ectrode I.ayer 3058 and a gate e1ectrode I.ayer 306B 

having a second shape are formed. In the second dry etching 
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the gate·insu1ating film 304A is etched about 13.8 to 25.Bnm 

and becomes a second shape gate insu1ating film 304B. 

In the second dry etchi.ng, another gas se1ected from 

among ch1orine gases such as C12, BCL3, SiC1, and cc1,, f1uorine 

gases such as CF,, SF6 and NF3 , and 02, or a ~ed gas having 

these as main constituents may a1ternative1y be used. 

The part of the semiconductor 1ayer over1apping with 

the tapering part of the second shape gate e1ectrode across 

the gate insu1ating f:llm becomes an LDD region when a subsequent 

third doping is carried out. In this preferred embodiment, 

because the gate insu1ating film thickness is 400nm and the 

taper ang1e is about 26°, the 1ength of the LDD region is about 

820nm p1us the approximate1y lOOnm by which the resist mask 

is etched in the channe1 direction. 

As a resu1t of the second dry etch:l.ng the resist mask 

assumes a second shape 307B. Without this resist mask 307B 

being removed, a second doping step is carried out, to form 

an n-channe1semiconductor1ayer. An impuritye1ement (a group 

15 e1ement such as phosphorus or arsenic) imparting the n type 

is doped into a source region and a drain region wi. th the second 

shape gate e1ectrode as a mask. 

In this preferred embodiment, phosphorus was doped at 

a dose of l.5x1015 atoms/cm2 with an acce1erating vo1tage of 

80kV, whereby source or drain regions 308 of impurity 

concentration lxl020 to lxl021 atoms/cm3 were formed. (Fig. 
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3B) 

Fig. 3B corresponds to Fig. SB: the second shape gate 

electrode layer 305B corresponds to 518 through 524; and the 

gate electrode layer 306B corresponds to 525 through 531. 

However.· 521, 524. 528 and 531 are not gate electrode layers. 

And the source or drain regions 208 through 211 correspond 

to 532 through 536 •. However, 536 is a source region and not 

a drain region. 

Next, without the resist mask being removed, a third 

dry etch:lng step .is carried out. In the th:lrd dry etching 

step the second shape gate electrode layer 3058 and gate electrode 

layer 306B are both etched, and also the taper1.ng part whose 

taper angle was 26° 1.n the second shape assumes a larger angle, 

and a gate electrode layer 305C ~d a gate electrode layer 

306C of a third shape are formed. 

A semi.conductor layer region 314 which does not overl.ap 

with the th:i.rd shape gate electrode layer 305~_but overlaps 

with the second shape gate electrode layer 305B becomes an 

Lon region as a result of the subsequent thi.rd dop:lng step. 

The amount by which· the gate electrode layer 305C 1.s etched 

·-·in the channel length d'Lrection and the length of the Loff region 

are controlled by way of the th:1rd dry etching time. 

As the etching apparatus, an ICP dry etching apparatus 

was again used. As the etching conditions, the ICP powex: was 

made SOOW, the bias power was made 20W, and the etch:l.ng chamber 
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pressure was made l.OPa. Cl.2 and CF4 were used for the process 

gas. The flows of.the gases Cl.2 and CF .. were each 30sccm. 

The second shape gate electrode J.ayers 3058, 3068 were etched, 

and third shape gate electrode J.ayers 305C, 306C were formed 

as described above. At thi.s time, the etching t~e was adjusted 

so that the amount by whi.ch the gate electrode l.ayer 305C was 

etchedinthechannel.l.engthdirection,whi.chessentiall.ybecomes 

the LOff length, became 480nm. 

In the third dry etching, another gas selected from among 

chl.orine gases such as Cl.2 , 8CL3 , Si.Cl., and CCl.4 , fluorine gases 

such as CF4 , SF6 and NF3 , and 0 2 , or a mi.Xed gas having these 

as main constituents may alternatively be used. 

In the thi.rd dry etchi.ng the part of the gate insulating 

fi.l.m which does. not overl.ap w:I. th the gate electrode l.ayer 305C 

is etched to form a third shape gate insul.at:l.ng f:l.l.m 304C. 

A fourth dry etchi.ng 1.s then carried out. As a resul.t 

of the thi.rd dry etching, the resist mask has a third shape 

307C. Thi.s res1.st mask 307C 1.s not removed and i.s used as 

1.t is. The etchi.ng conditions are changed and the process 

is carried out 1.n the same apparatus and the same chamber. 

In the fourth dry etching, the gate electrode layer 306C 1.s 

selectivel.y etched again. By conditi.ons such that the gate 

electrode l.ayer 305C 1.s not etched being used, a shape wherein 

the gate electrode layer 305C is longer than the gate el.ectrode 

layer 306C 1.n the channel. length direction is obtained. 
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In the fourth shape gate electrode obta.:l.ned as a result 

of the fourth dry etching, a semiconduc~or layer region 313 

wh.:l.ch does not overlap w.:l.th the W film gate electrode layer 

across the gate msulating film but overlaps with the TaN f.:l.lm 

gate electrode l.ayer becomes an Lov region .:l.n a subsequent doping. 

The Lov region is formed to a l.ength obtained by subtracting 

the Lo£f length determined by the third dry etching from the 

length of the LDD reg.:l.on. 

In th.:l.s preferred embodiment, the ICP power was made 

soow, the bias power was made 20W, and the etching chamber 

pressure was made 1. OP a. Cl2 • CF.. and 02 were used for the 

process gas. The flows of the gases Cl2 , CF4 and 02 were 25sccm, 

25sccm and lOsccm respect.:l.vely. The third shape W f.:l.lm gate 

electrode layer was selectivel.y etched, and by the taper angle 

of the edge thereof being further increased a gate el.ectrode 

layer 306D hav.:l.ng a fourth shape, narrower .in width than the 

th.:l.rd shape gate electrode l.ayer 306C, was formed. 

The TaN film gate electrode l.ayer .:l.s only etched about 

7nm, and a fourth shape gate electrode l.ayer 305D of substant.:l.al.ly 

the same width as.the third shape gate electrode layer 305C 

.:l.s formed. 

The fourth. shape gate electrode layer 305D becomes l.onger 

by 420nm on either s.:l.de of the gate electrode than the gate 

electrode layer 306D (840nm over the gate w.:l.dth as a whole), 

and .:l.n th.:l.s preferred embodiment a Lov region 313 of length 
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420nm was obtained. 

In the fourth dry etch:Lng. another gas se1ected from 

among ch1or:Lne gases such as C12. BCL3. SiC14 and CC14. f1uor:Lne 

gases such as CF4• SF6 and NF3• and 02. ·or a mixed gas having 

these as main constituents may a1ternatively b~ used. 

Fig. 3D corresponds to Fig. SC: the fourth shape gate 

electrode layer 305D corresponds to 538 through 544; and the 

gate electrode layer 306D corresponds to 545 through 551. 

However. 541, 544, 548 and 551 are not gate electrode layers. 

After the fourth dry etching is finished, the photoresist 

mask 307D is removed. The mask may be removed by 02 ashing. 

H20 ashing. ash:Lng with a gas mixture of 02 and H20, ashing 

with one of these gases with nitrogen or a fluorine gas such 

as CF4 added. or by some other known method such as remova1 

with a chemical. In this preferred embodiment. the mask 307D 

was removed by~ ashing using an RIE dry etching apparatus. 

Next, a third doping is carried out to form an LDD region. 

(F:l.g. 3E) Usi.ng the fourth shape gate electrode layer 306D 

an n-type region havi.ng a lower impurity dens:l.ty than the source 

and drain regions is formed in the first semiconductor 1ayer 

region 313 and the third semiconductor layer r~gion 314. Because 

~n the semi.conductor layer region 313 .the impurity is doped 

into the Lov region through the gate electrode layer 305D and 

the gate insulating film 309, the doping is carried out at 

a low density and a high accelerating voltage. 
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In this preferred embodiment, an Lou reg:l.on 314 and an 

Lov reg:l.on 313 were formed w:l.th a dose of 3.5xl012 atoms/cm2 

and an accel.erat:l.ng vol.tage of 90kV. 

A1though :l.n th:l.s preferred embodiment the res:l.st mask 

307D was removed after the fourth gate e1ectrode etch:l.ng, :l.t 

may a1ternat:l.vel.y be removed after the th:l.rd dop:l.ng. 

Fig. 3E corresponds to Fig. 6A: the Loff reg:l.on 314 

corresponds to·55 7 through 561; and the Lov region 313 corresponds 

to 562 through 566. However. 556. 561 and 566 do not functi.on 

as Lov or Loff reg1.ons. 

Then. a photores1.st mask 567 is new1y formed and a p-type 

sem:l.conductor l.ayer is formed by a fourth dopi.ng step. (Fig. 

6B) By dopi.ng w1.th an impur:l.ty imparting the p type, p-type 

semiconductor l.ayer reg:l.ons 570 through 575 are formed. 

At th:l.s t:l.me, an impur:l.ty imparti.ng the n type has been 

added to the semiconductor l.ayer reg:l.ons 570 through 575, but 

by doping the impurity imparting the p type. to a ooncentrat:l.on 

of 2x1020 to 2xl021 at ODIS/ cm3 a p-type semiconductor l.ayer function 

can be obtained w:l.thout probl.ems. 

In thi.s preferred embodiment, boron was used with a dose 

of 3x1015 atoms/cm2 and an accel.erating vo1tage of 20 to 30kV, 

whereby p-type sem:l.conductor l.ayer reg:l.ons 570 through 575 

were formed. 

After the photoresist mask 567 :l.s removed, a first 

inter-1ayer insu1ating fil.m 576 is formed over the entire face 
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of the substrate. In this step a 150nm fi1m of Sil.icon oxide 

nitride was formed by pl.asma CVD. but of course some other 

method such as sputtering may al.ternat:ivel.y be used. and the 

film is not 11.mited to si1icon ox1.de n:itride and may be some 

other insu1ating film consist:ing ma:in1y of si1~con. And :in 

an insul.ating film consisting mainl.y of sil.icon it may be 

singl.e-layer or a 1ayered film of two or more types. 

Next. a step of activating the 1.mpur:ity el.ement added 

to the semi.conductor l.ayer :is carried out. This activation 

stepiscarriedoutbythermal.anneal.ingusingafurnaceanneal.:l.ng 

oven. The anneal.ing M8:Y be carried out in a nitrogen atmosphere 

with an oxygen concentration of· lppm or bel.ow and preferabl.y 

O.lppm or bel.ow at 400 to 700°C and typical.J.y 500 to sso0 c. 
and in this preferred embo~ent the activation was carr:ied 

out with a heat-treatment of 550°C. 4 hours. Besides thermal. 

anneal.ing. l.aser anneal.ing or rapid thermal. anneal.ing (RTA) 

can a1ternative1y be applied. 

This activation step may be carried out before the first 

inter-J.ayer insul.ating fil.m 576 is formed (Fig. 6C): however, 

here, because heat is appl.ied in the activation step, when 

the material used for the gate electrode and so on is vu1nerabl.e 

to heat. preferabl.y a silicon ox1.de fi1m. a sil.icon nitride 

fi1m or a sil.icon ox1.de nitride f.:i.1m is formed as a protective 

fil.m, or as in th.is preferred embod.iment the first .inter-1.ayer 

f.i1m is made to function as a protective fil.m. 
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After that. a heat-treatment of 1 to 12 hours at 300 

to 550°C in a 3 to 1004 hydrogen atmosphere is carried out. 

and a step of hydrogenating the semiconductor layer is performed. 

In this preferred embodiment. a hydrogenation of l hour 

in a 100% H2 , 350°C atmosphere was carried out. This 

hydrogenation may a1ternative1y be conducted in a hydrogen 

p1asma atmosphere. 

Next, a second inter-1ayer insulating film 578 consisting 

of an organic resin film such as acrylic or polyamide which 

can be formed by sp.in coating is formed on the first inter-layer 

insu1atingfi1m576 (Fig. 7). The secondinter-1ayer insu1ating 

f:l.lm is formed by spin coat:ing with the object a1so of f1attening 

the substrate on which the semi.conductor device is formed. 

In this preferred embodi.ment, acrylic was formed to a 

film thickness of 1600nm. 

After that, the gate insu1ating film 537, the fi.r~t 

inter-layer insu1at:l.ng f:l.lm 576 and· the second inter-l.ayer 

insu1at:Lng film 578 positioned on the source and drain regions 

and the gate interconneot:l.on are etched to form contact holes 

for connecting w:i.th intermed:i.ate interconnections 579 through 

588. As the etching method of the insulating films at this 

time, etching matched to the different fi1ms should be carried 

out so that to make the coverage in the forming of the intermediate 

interconnections good a tapering shape of taper ang1e 45 to 

80° is obtained, and for exam.p1e etching of the organic resin 

56 



film such as acry1ic or po1yamide and the si1icon oxi.de nitride 

fi1m used for the first inter-layer :l.nsu1ating film 576 is 

possible with a gas m.ixture of CF, and 02. However. to etch 

the gate insulating film formed on the semi.conductor 1ayer 

it is necessary to use condi.tions wh:l.ch provide a high se1ectivi ty 

with respect to the semiconductor layer. Gases sui tab1e for 

sel.ective1y etching the si1:Lcon oxide nitride of the gate 

insulating f1.1m w:I. th respect to the semi.conductor 1ayer siU.con 

inc1ude CHF3 and C,F8 and the 11.ke. CHF3 and c,F, can a1so be 

ca11ed f1uorine gases: however. they are gases having a high 

se1~ctivity with respect to si1icon, and because the:Lr use 

is different from the other f1uorine gases referred to in this 

specification document they are taken in this document not 

to be :Lnc1uded among f1uor:Lne gases. 

In this preferred embodiment, with an RIE apparatus and 

using CF4 • He and 0 2 gas. a chamber pressure of 66. 7Pa. an RF 

power of 500W and CF4 • He and 0 2 gas flows of 5sccm, 40sccm 

and 95sccm respectivel.y, the second :l.nter-1ayer insu1at:l.ng 

film 578 was etched; w:l.th the same RIB apparatus and using 

CF,, He and 0 2 gas, a chamber pressure of 40. OP a. an RF power 

of 300W and CF4 • He and 0 2 gas fl.ows of 50sccm. 35sccm and SOsccm 

respectively, the·sil.icon oxide nitride of the first :l.nter-l.ayer 

insul.at:Lng film 576 was etched; and with the same RIE apparatus 

and using CHF3 , a chamber pressure of 7.3Pa, an RF power of 

BOOW and a CHF3 gas flow of 35sccm, the silicon oxide nitride 
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of the gate J.nsu1at1.ng £1.1m was etched se1ect1.vel.y wi.th respect 

to the semi.conductor J.ayer. 

Then • .intermedi.ate .interconnecti.ons 579 through 588 are 

formed. For the 1.ntermedi.ate 1.nterconnecti.ons. so that they 

function as pixel. e1ectrodes and ref1ectJ.ng electrodes. 

preferabl.y a metal. mater1.a1 having a hi.gb ref1ectiv1.ty .is used, 

and in thi.s preferred embodiment Ti. and an a1J.oy of Al. and 

Ti were formed 1.n 1ayers. Usi.ng sputteri.ng, a Ti. fi.1m was 

formed to a thi.ckness of 50nm. and then an a11oy fi1m of A1 

and Ti. was formed to a tbi.ckness of soonm J.mmec:'li.atel.y thereafter. 

After a mask is formed with photoresist, the intermedi.ate 

interconnecti.ons are dry etched usi.ng chl.ori.ne or a gas 

contai.ni.ng chl.orine. In thi.s preferred embodi.ment. the 

intermedi.ate .interconnect.ions 579 through 588 were formed by 

carrying out dry etchi.ng usi.ng a gas made by mi.:xing chlori.ne 

and boron tr1.ch1or1.de 1.n the same proporti.ons. 

In the way descri.bed above. it is possi.bl.e to form on 

the same substrate a dr:lv.ing c.ircuit 606 havi.ng an n-channe1 . 

TFT 601, a p-cbanneJ. TFT 602 and an n-channe1 TFT 603, and 

a pixel. part 607 having a pixel. TFT 604 and a hol.di.ng capacitance 

605 • In thi.s specifi.cat.ion thi.s substrate wil.1 for conveni.ence 

be ca11ed an acti.ve matri.x substrate. 

Next. with reference to Fig. 8. a method for manufactur.ing 

a ref1ective active matrix type 1iquid crystal. disp1ay using 

the act:i.ve matr.ix substrate shown .in F:i.g. 7 wil.J. be described. 
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First, a spacer 589 obtained by patterning a resin film 

on the active matrix is formed. The disposition of the spacer 

may be determined freel.y. A spacer may al. ternativel.y be provided 

by scattering partic1es of a few pm in size. 

Next, an orienting fi1m 590 made of po1yamide resin or 

the 1ike for orienting 1iquid crysta1 in the pixe1 part of 

the active matri.x substrate is provided. After the orienting 

film was formed, a rubbing treatment was carried out to orient 

the 1iquid crysta1 mo1ecul.es with a fixed prechiJ.t angl.e. 

Then, a facing substrate 591 is prepared. On the facing 

substrate are formed a light-bl.ocking film 592, a transparent 

el.ectrode 593 and an orienting film 594. The l.ight-blocking 

£i1m 592 is made by forming a Ti film, a Cr film or an Al film 

or the like to a thickness of 150 to 300nm. 

A rubbing treatment is carried out on the orienting fi1m 

594. Then, the active matrix substrate on which the pixel. 

part and th,e driving c:l.J:;cuit are formed and the facing substrate 

are fixed together face-to-face with a seal.ant 595. 

Afterthat,ai1qu1dcrystal..mater~aJ.5961spouredbetween 

thetwosubstrates. FortheJ.iquidcrysta1materia1.anord.1.nary 

1iquid crystal. material. may be used. For exampJ.e besides TN 

J.iquid crystal. a thresholdiess anti-die1ectric mixed J.iquid 

crystal. showing an electro-optical. responsiveness such that 

its transmi tti vi ty changes contin~ous1y with the magnetic fieJ.d 

can be used. Such threshol.dl.ess anti-dielectric mixed J.iquid 
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crystals also include those showing V-type electro-optical 

responsiveness. After the liquid crystal material 596 is poured, 

the device is sealed completely with a sealing agent. 

In this way the reflective active matrix liquid crystal 

display shown in Fig. 8 is completed. 

Second Pref erred Embodiment . 

Inthispreferredembodiment,amethodisexp1ainedwherein 

SF6 is used in the etching gas when forming the gate electrode 

by dry etching in the first preferred embodiment, to obtain 

a higher sel.ectivity w1.th respect to the gate insu1ating f1.lm. 

In this preferred embodiment the steps up to the form:l.ng of 

the gate electrode and from the third doping onward after the 

formation of the gate electrode are exactly the same as in 
. . 

the first preferred embodiment and therefore will not be 

described again here. 

A first conducting £1.lm 305 and a second conducting f:l.1m 

306 formed in accordance with the first preferred embodiment 

are dry etehed us1ng a res1.st mask 307 made by photol.1.thography. 

As in the first preferred embodiment, a TaN f:l.1m was used 

for the first conducting f1.lm and a W film was used for the 

second conducting film. 

In this preferred embodiment, a dry etching apparatus 

having an ICP (Ind~ctively Coupled Plasma) plasma source was 

used for the dry etching of the gate electrode. 
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The ICP power in the first dry etching was made SOOW, 

the bias power was made 150W, the etching chamber pressure 

was made 1. OPa, and Cl.2. CF 4 and 0 2 were used for the process 

gas. The fl.ows of the gases Cl.2, CF4 and 02 were made 25sccm, 

25sccm and lOsccm respectivel.y. 

The tungsten of the second conducting fil.m was se.1ectivel.y 

etched, and a tapering shape having a taper angl.e of 23°was 

formed at its edge. The W fil.m of the gate el.ectrode is 

sel.ective.1y etched because as a resul.t. of the process gas 

containing 0 2 the etching rate of the tungsten rises and the 

etching rate of the TaN film f al.1s. And as a resul. t of the 

bias power being set to lSOW. a gate el.ectrode having a smal.1 

taper ang.1e is formed. 

Because the gate el.ectrode l.ayer 305A is onl.y etched 

about 13 to 14nm by the over-etc~ing of the W f:l.lm gate el.ectrode 

1ayer and remains present over the entire face of the substrate, 

thegateinsul.atingfilmpositionedunderneaththegatee.1ectrode 

layer 305A is not etched and has the shape shown with the reference 

numeral. 304A. 

In the first dry etch:l.ng Cl.2, SF6 and 02 may al.ternativel.y 

be used for the etching gas. 

A second dry etching is then carried out.· The photoresist 

mask has now assumed a first shape 307A as a resul.t of the 

first dry etching. This photoresist 307A is not removed and 

is used as it is. In the etching the conditions are changed 
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but the process can be carried out in the same apparatus and 

the same chamber. 

As a resul.t of the changes to the process gas and the 

processconditions:Lnthedryet~ng,theTaNfilmgateel.ectrode 

.I.ayer and the W film gate. el.ectrode l.ayer are etched 

simul.taneousl.y, and a gate el.ectrode l.ayer 305B and a gate 

e.lectrode l.ayer 306B having a second shape are formed. In 

this preferred embodiment, the ICP power was made 500W; the 

bias power was made lOW.; the etching chamber pressure was made 

1 • 3Pa; and Cl.2 and SF 6 were used for the process gas. The fl.ows 

of the gases C12 and SF6 were made lOsccm and 50sccm respectivel.y. 

As a.resul.t of the bias power being made smal.l.er than 

in the f:Lrst dry etching, the taper angl.e of the gate el.ectrode 

edge increases and the width of the gate narrows. The etching 

rate of the W film at this time is 104nm/min and the etching 

rate of the TaN film :Ls lllnm/min, so the two films are etched 

at almost the same rate. A gate el.ectrode l.ayer 305B and a 

gate e~ectrode l.ayer ~06B having a second shape are formed. 

At this ti.me, the TaN fi1m that had rema.ined after the 

first dry etching is etched for about 8 seconds. After that, 

to compl.etely remove etching res:Ldues of the TaN film, an 

over-etching of 15 seconds is carried out. By this over-etching. 

the gate insulating film positioned underneath the TaN film 

is etched by about 3. 2nm and becomes a second shape gate .insul.ating 

fil.m 304B. 
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The part of the semiconductor 1ayer overl.apping with 

the tapering part of the second shape g~te e1ectrode across 

the gate insu1ating film becomes an LDD region when a subsequent 

third doping is carried out. In this preferred embodiment, 

because the gate insu1ating film thickness is 400nm and the 

taper angl.e is about 26°, the 1ength of the LDD region is about 

820nm pl.us the approximately lOOnm by which the resist mask 

is etched in the channel direction. 

As a result of the second dry etching the resist mask 

assumes a second shape 3078. Without this resist mask 3078 

being removed, a second doping step is carried out, to form 

an n-channel. semiconductor layer. An impurity element (a group 

15 element such as phosphorus or arsenic) imparting then type 

is doped into a source region and a drain region with the second 

shape gate electrode as a mask. 

In this preferred embodiment, phosphorus was doped at 

a dose of l.Sxl015 atoms/cm2 with an accelerating voltage of 

80kV, whereby source or drai.n regions 308 of impur:l ty 

concentrat1on lx1020 to lxl021 atoms/cm3 were formed, 1n a source 

region or drain region in a sel.f-adjustment way. 

Next. without the resist mask be:f.ng removed. a third 

dry etching step is carried out. In the third dry etching 

step the second shape gate electrode layer 3058 and gate electrode 

layer 306B are both etched, and etching is· carried out so that 

also the tapering part whose taper angle was 26° in the second 
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shape assumes a larger angle. and a gate electrode layer 305C 

and a gate electrode 1ayer 306C of a thi.rd shape are formed. 

A semi.conductor l.ayer region 314 whi.ch does not overl.ap 

w1.th the th1.rd shape gate electrode l.ayer 305C but overlaps 

wi.th the second -shape gate el.ectrode 1ayer 305B becomes an 

Loff regi.on as a result of the subsequent th1.rd dopi.ng step. 

The amount by whi.ch the gate electrode 1ayer 305C i.s etched 

1.n the channel. length di.recti.on and the l.ength of the Lou regi.on 

are control.l.ed by way of the thi.rd dry etchi.ng time. 

As the etchi.ng apparatus. an ICP dry etohi.ng apparatus 

was agaJ.n used. As the etching condi. ti.ons. the ICP power was 

made SOOW, the bi.as power was made lOW. and the etchi.ng chamber 

pressure was made l.3Pa. Cl.2 and SF6 were used for the process 

gas. The fl.ows of the gases Cl.2 and SF, were made lOsccm and 

SOsccm respecti.vel.y. The TaN fi.lm gate el.ectrode layer and 

the W fi.1m gate electrode l.ayer were etched. and a gate electrode 

1ayer 305C and a gate electrode l.ayer 306C havi.ng th:lrd shapes 

were formed as descrJ.bed above. At thi.s ti.me. the etc~ng 

time was made 40 seconds so that the amount bywh.ich the TaN 

f.11.m gate electrode layer was etched i.n the channel length 

d:lrecti.on. whi.ch essenti.a11y becomes the Loff l.ength. became 

480nm. 

In the thi.rd dry etclllng the part of the gate .insulating 

film which does not overlap wi.th the gate el.ectrode layer 305C 

is etched by about 5.8nm and becomes a thi.rd shape 304C. In 
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the steps up to here the gate insul.ating fil.m has been etched 

by about 9.0mn. 

A fourth dry etching i.s then carri.ed out. As a resul.t 

of the thi.rd dry etchi.ng, the resi.st mask has a thi.rd shape 

307C. Thi.s resi.st mask 307C i.s not removed and i.s used as 

it is. The etching conditi.ons are changed and the process 

i.s carri.ed out i.n the same apparatus and the same chamber. 

In the fourth dry etching, the gate el.ectrode l.ayer 306C i.s 

sel.ecti.vel.y etched agaJ.n. By conditi.ons such that the TaN 

film gate el.ectrode l.ayer is not etched being used, a shape 

wherei.n the Taff film gate el.ectrode I.ayer is .longer than the 

W f il.m gate el.ectrode l.ayer in the channel. l.ength di.rection 

is obtai.ned. 

In the fourth shape gate el.ectrode obta:l.ned as a resu1 t 

of .the fourth dry etchi.ng, a semiconductor l.ayer regi.on 313 

which does not overl.ap wi.th the W fi.lm· gate electrode l.ayer 

across the gate i.nsulati.ng film but overlaps wi.th the TaN f.il.m 

gate electrode l.ayer becomes an Lov regi.on i.n a subsequent third 

doping. 

The Lov region i.s formed to a 1ength obtained by subtracting 

the !.off l.eng~q determ:l.ned by the t~rd dry etchi.ng from the 

length of the LDD regi.on. 

In this preferred embodiment, the ICP power was made 

500W, the bi.as power was made 20W, and the etching chamber 

pressure was made 1.0Pa. Cl2 , SF6 and 0 2 were used for the 
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process gas. The flows of the gases Cl2. SF, and 02 were each 

20sccm. The third shape W film gate e1ectrode 1ayer was 

selectively etched. and by the taper angle of the edge thereof 

being further increased a gate electrode layer 3060 having 

~ fourth shape. narrower in width than the third shape gate 

electrode layer 306C. was formed. 

The TaN film gate electrode layer is on1y etched by a 

few nm. and a fourth shape gate electrode layer 3050 of 

substantially the same width as the third shape gate electrode 

layer 305C is formed. 

The fourth shape gate electrode layer 305D becomes longer 

by 420nm on either side of the gate electrode than the gate 

electrode layer 306D (840nm over the gate width as a whole), 

and in this preferred embodJ.ment a Lov region 313 of length 

420nm was obtained. 

In the fourth dry etch:l.ng the gate insulat:ing film is 

etched by about o. Snm. And the amount by which the gate 
. 

insulating film is et9hed in the first. second. third and· fourth 

etch:ings is 9.5nm. Whereas in the first preferred embodiment 

the amount by which the gate· :insulat:ing film was etched in 

the first, secQud, third and fourth e:tch:l.ngs was a maxi.mum 

of.88nm. in this preferred embodiment. because SF6 was used 

in the etching gas. the selectivity with respect to the gate 

insulating film was higher and it was possible to reduce the 

amount of etching of the gate insulating film by about· 89t. 
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After the fourth dry etching is finished. the photoresist 

mask 307D _is removed. The mask may be removed by 0 2 ash:ing. 

H20_ ashing. ashing with a gas mixture of ~ and H20, ashing 

with one of these gases with nitrogen or a f1uorine gas s~ch 

as CF4 added. or by some other known method such as remova1 

with a chemi.ca1. 

In thi.s preferred embod:l.ment. the mask 307D was removed 

by 0 2 ashing using an RIB dry etching apparatus. 

By using the method described above it was poss~bl.e to 
... 

form a gate e1ectrode of the same shape as in the fi.rst preferred 

embodiment and to keep the amount by which the gate 1.nsu1ating 

fi1m was .etched to 9.Snm. 

A1though in this preferred embodiment SF6 was used in 

the etching gas in each of the second, thi.rd and fourth dry 

etchings, a1ternative1y dry etching may be carried out with 

conditi.ons in whi.ch CF4 is used, as in the fi.rst preferred 

embodiment. For examp1e. CF 4 may be used in the first, second 

and fourth dry etchings and SF6 used on1y in the third dry 

etch1.ng. 

And a1though here the description has been given using 

the examp1e of a ga1;~_~1ectrode structure hav!ng tanta1umnitride 

as a 1c;>wer 1ayer and tungsten as an upper ~ayer, the gate structure 

is not l.imi ted to this, and 1aye_rs consisting of any e1ements 

se1ected from among tungsten. tantal.um, titanium. mo1ybdenum, 

sil.ver and copper and so on, or nitrides having these e1ements 
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as constituents. or alloys combining elements among these, 

may be suitably selected. 

Third Preferred Embodiment 

In this preferred embodiment. with reference to Figs. 

9A through 9E. there will be explained a method for, in the 

method of forming an n-channel semi.conductor layer having an 

Lov region and an Loff region in accordance with the first preferred· 

embocliment, maJd.ng the :lmpuri ty concentrations of the Loff reg.ion 

and the Lov region substantiall.y equal by using different 

conditions from the first preferred embodiment in the etching 

of the gate electrode and changing the timing at which doping 

is carried out. 

In the same way as in the first preferred embodiment, 

an insulating film 902, a crystalline island-shaped 

semiconductor layer 903, a gate insulating fil.m 904, a first 

conducting f:l.l.m 905 and a second conducting fi1m 906 are formed 

on a glass substrate 901, and a photoresi.st mask 907 is formed 

on thi.s. 

As :l.n the f:l.rst preferred embocliment, a.TaN film was 

used for the lower l~y~r of the gate electro.de and a W film 

was used.for the upper layer. And a dry etching apparatus 

having an ICP plasma source or an RIE dry etchi.ng apparatus 

was used for the dry etching of the gate electrode. 

In the same way as in the first preferred embodiment, 
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a first dry etching is carried out. The etching is conducted 

with Cl2 , CF4 and 0 2 being used for the etching gas; an ICP 

power of SOOW: a bias power of 150W; an etching chamber pressure 

of 1.0Pa; and flows of the gases Cl.2. CF, and 0 2 of 25sccm. 

25sccm and lOsccm respect:lvel.y. 

At this t.i.me the W film gate el.ectrode 1ayer is etched 

sel.ectively, and a first shape gate electrode layer 906A havi.ng 

a taperi.ng shape of taper angl.e 26° formed at 1 ts edge is obtai.ned. 

The TaN film gate el.ectrode 1ayer is etched by about 13 to 

14nm as a resul.t of over-etchi.ng of the W film but· remains 

present over the entire face of the substrate, consti.tuti.ng 

a first shape gate e1ectrode layer 905A. 

In the £1.rst dry etch:Lng, another gas sel.eoted from among 

ch1or1ne gases such as Cl.2 • BCL3 , Si.Cl., and CCl.4, fl.uori.ne gases 

such as CF4 , SF6 and NF3 , and 0 2 , or a mixed gas havi.ng these 

as mai.n constituents may a1ternative1y be used. 

At t~s time, because the first shape gate electrode 

1ayer 905A is present over the entire face of the substrate, 

the gate ~nsu1at1.ng f1.1m is not etched and renuU.ns a first 

shape gate el.ectrode layer 904A. 

Then. in the same w~y: ~s i.n the first preferre~ embodiment. 

wi.thout the_resi.st mask being removed, a second dry etching 

is carried out. Cl2 and CF 4 were used for the etching gas: 

the ICP power was made 500W: the bias power was made 20W; the 

chamber pressure was made l.OPa; and the respective flows of 
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the gases Cl.2 and CF4 were each made 30sccm. The first shape 

gate e1ectrode 1ayers 905A and 906A are etched simul.taneousl.y 

to form second shape gate e1ectrode I.ayers 905B and 906B. 

At thi.s ti.me, the part of the gate 1nsu1ating f11m 904A 

pos:l.ti.oned outsi.de the gate el.ectrode layer 905B 1.s al.so·etched, 

and forms second shape gate insul.ati.ng f1.lm 904B. 

In the second dry etching, another gas se1ected from 

among chl.ori.ne gases such as Cl.2 , BCL3, SiCl.4 and CCl.4, f1uori.ne 

gases such as CF,, SF6 and NF3, and 02, or a llllxed gas havi.ng 

these as mai.n constituents may al.ternat:l.vel.y be used. 

Next, in the same way as 1.n the f1.rst preferred embod:lment, 

a second dop:l.ng is carr:l.ed out. Here, the first doping .i:s 

taken to be a doping carr:l.ed out in the channel. regi.on for 

controll.1.ng the threshoid characteri.st:l.c of the TFT after the 

formation of the semiconductor I.ayer cons1.st1.ng of the 

crystal.l.ine sil.1.con f:l.lm. 

By doping wi. th an impurity imparting the n type, source 

and drain regions are formed :l.n the semiconductor l.ayer 908. 

In this preferred embodiment, phosphorus was chosen as the 

:lmpuri.ty and doped at a dose of 1.5xl015 atoms/cm2 w1.th an 

accel.erating vol. tage of so~v ... 

Next, a .third dry etching is carr1.ed out. Here al.so 

an ICP dry etching apparatus is used, and the dry etching 1.s 

carried out w1. thout the resi.st mask bei.ng removed. Cl.2, CF 4 

and 02 were used for the etching gas; the ICP power was made 
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SOOW; the bias power was made 20W; the chamber pressure was 

made l.OPa; and the respective flows of the gases C12 • CF4 and 

0 2 were made 25sccm. 25sccm and lOsccm respectively. 

By etch.ing be:l.ng carried out with the conditions used 

in the fourth dry etching of the first preferred emQodJ.ment 

the W fi1m gate e1ectrode layer is etched selectively and a 

third shape gate electrode layer 906C having a larger taper 

angle than the first and second taper shapes is formed. 

The TaN film gate electrode layer is harclly etched and 

rema:l.ns present, but the TaN .film that becomes exposed as the 

W film is etched in t~e channel l.ength direction is gradually 

etched from its edge and forms a third shape 905C having an 

extremely sma1l. taper angl.e of l.ess than 5°. 

In the third dry etching, another gas sel.ected from among 

chlorine gases such as Cl2 • BCL3 , SiCl4 and CC14 • fl.uor:Lne gases 

such as CF4, SF& and NF3 , and ~. or a mixed gas having these 

as main constituents may alternatively be used. 

At this ti.me, the part of the second shape gate insulating 

film 904B positioned outside the second shape TaN fi1m gate 

electrode layer is etched and forms a third shape gate insul.at.1.ng 

film 904C. 

A third doping is then carried out. Using the third 

shape gate electrode layer 906C as a mask, an impurity imparting 

then type is doped through the gate electrode layer 905C into 

the part of the semiconductor layer 909 which does not overlap 
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with the W film gate electrode layer but does overlap with 

the TaN.film gate electrode layer. 

The edge of the third shape gate electrode layer 905C 

has an extremely small taper angle of less than 5°. as mentioned 

above. and thus its film thickness has a distribution. And 

in correspondence with that film thickness distribution, a 

slight distribution also arises in the impurity concentration 

obtained in the semiconductor layer as a result of the third 

doping: however. this i$ smaller than the difference in the 

impurity concentration between the L~f region and the Lov region 

which arises in the first preferred embodiment. 

In this pref erred embodiment phosphorus was chosen as 

the impurity and doped to a dose of 3.5xl012 ;J.toms/cm.2 with 

an accelerating vol.tage of 90kV. whereby an n-type LDD region 

909 with an impurity concentration lower than that of the source 

and drain regions 908 is formed in the semiconductor layer 

90·9. 

A fourth dry etching is then carried out. The third 

shape gate electrode layer 905C is etched to form a fourth 

shape gate electrode layer 9050. 

The edge of the third sha:;te ... gate electrode layer ...905C 

has a tapering shape, and by dry etching being carried out 

anisotropica1ly the third shape TaN film gate electrode layer 

is gradually etched from its edge toward the position where 

it overlaps with the third shape gate electrode layer 906C, 
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so that the width of the fourth shape gate el.ectrode I.ayer 

905D thus formed is narrower than that of the third shape gate 

electrode layer 905C. 

As a resul.t of the fourth dry etching. part of the LDD 

region 909. al.1 of which had overl.apped with the third shape 

gate electrode l.ayer 905C, comes to be positioned outside the 

fourth shape gate el.ectrode. Consequentl.y. the LDD region 

909 becomes an Lo~~ region 910 and an Lov region 911~ 

However, because the TaN film gate el.ectrode l.ayer is 

a thin film having an extremely smal.J. taper angl.e. if etching 

conditions which resul.t in a high etching rate are used there 

is a possibil.ity of the TaN film being etched away entire1y. 

In this preferred embodiment the fourth dry etching was 

carried out. using a para11e1 fl.at pl.ate type RIE dry etching 

apparatus and with a chamber pressure of 6.7Pa, an RF power 

of BOOW, and a 35sccm fl.ow of CHF~ as the etching gas. Here 

it is not particu1ar1y necessary for an RIE dry etching apparatus 

to be used, and al.ternativel.y an ICP dry etching apparatus 

may be used. 

At this time almost al.1 of the gate insul.ating film 904C 

which did not overl.ap with the third s~~pe gate el.ectrode J.aye.E_ 

905C is etched in the ~ourth dry etching. but even if this 

gate insul.ating film is etched through comp1ete1y this does 

not constitute a pro bl.em in the manufacture of the semiconductor 

device. The reason for this is that because CHF3 is being used 
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as the etching gas the gate insu1ating f i1m. can be etched 

se1ectively with respect to the s~licon of the semiconductor 

layer. And because also when a contact hole for connecting 

an intermediate interconnection with the semi.conductor 1ayer 

is formed, in the etching of the silicon oxide nitride fi1m 

which is the first inter1ayer insu1ating film in the first 

preferred embodbnent, conditions can be used, such as CHF3 , 

such that silicon ox.tde nitride film is etched selectively. 

When in this kind of etchingwi th CHF3 there is insufficient 

etching of the TaN fi1m. etching may be carried out for 5 to 

20 seconds using an etching gas of C12 , CF4 , and~ to pre-etch 

the TaN film before the etching with CHF3 is carried out. 

After the fourth dry etching the photoresist 907 is 

removed. 

By app1ying this preferred embodiment to the first 

preferred embodiment it is possible to make a semiconductor 

device having~ Lon region and an Lov region·using five masks, 

as in the first preferred embodiment. and it is possible to 

make a sem1condUctor dev1ce whereill the 1mpur:Lty concentrat1ons 

of the LOff region and the Lov region are equa1. 

Al.though here the description ha~tJ~een given using the 

examp1e of a gate electrod~ structure having tantalum nitride 

as a lower layer and tungsten as an upper 1ayer. the gate structure 

is not. limited to this, and l.ayers consisting of any elements 

selected from among tungsten, tanta1wn, titanium, mo1ybdenum. 
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silver and copper and so on, or nitr.1.des having these elements 

as constituents. or a1l.oys combining elements among these may 

be suitably sel.ected. 

Fourth Preferred Embodiment 

In.this preferred embodiment, with reference to Figs. 

9A through 9E. there wil.1 be exp1ained a method for. in the 

forming of the gate electrode by dry etching in the third preferred 

embod.iment. using SF6 in the etching gas to obtain a higher 

se1ectivity with respect to the gate ipsu1ating fil.m. The 

steps of this preferred embodiment other than the steps for 

forming the gate electrode are exactly the same as in the th.ird 

preferred embodiment and the first pref erred embodiment and 

therefore wi11 not be described again here. 

In the same way as in the third preferred embodiment. 

an insu1ating film 902, a crysta1l.ine isl.and-shaped 

semiconductor 1ayer 903, a gate insul.ating film 904, a first 

conducting f:l.1m 905 and a second conducting film 906 are formed 

on a gJ.ass substrate 901, and a photores:l.st mask 907 :ls fo:cDled 

on this. 

As in the third preferred embod:l.meP..t .. ~ a 'l'aN fi1m was 

used for the lower layer of tpe gate electrode and an W film 

was used for the upper layer. And as in the third preferred 

embodiment a dry etching apparatus having an ICP p1asma source 

or an RIE dry etching apparatus was used for the dry etching 
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of the gate e.lectrode. 

A first dry etching is carried out. The etching 1.s 

conducted with C.12. CF 4. and 02 being used for the etching gas; 

an ICP power of SOOW: a bias power of 150W: an etching chamber 

pressure of 1. OPa; and respective fl.ows of the gases Cl.2 , CF4 , 

and 0 2 of 25sccni, 25sccm and lOsccm. 

At this ti.me, the W film gate el.ectrode I.ayer is etched 

se.lectivel.y, and a first shape gate el.ectrode l.ayer 906A having 

a tapering shape of taper ~gl.e 26° formed at its edge is .obtained. 

The TaN film gate e.lectrode .layer is etched by about 13 to 

14nm as a resul.t of over-etching of the W film but remains 

present over the entire face of the substrate, constituting 

a first shape gate el.ectrode I.ayer 905A. 

At this ti.me, because the first shape gate el.ectrode 

.layer 905A is present over the entire face of the substrate, 

the gate insul.ating film is not etched and remains a first 

shape gate el.ectrode I.ayer 904A. 

Cl.2. SF& and~ may alternative.ly be used for the etching 

gas in the first dry etching. 

. Then, without the resist mask being removed, a second 

dry etching is carried out. Cl.2 and SF11 were used :for the etching 

gas; the ICP power was made 500W:. the bias power was made lOW; 

the etching chamber pressure was made l.3Pa; and the fl.ows 

of the gases Cl.2 and SF& were made lOsccm and 50sccm respectivel:y. 

The first shape gate el.ectrode .layer 905A and the first shape 
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gate electrode 1ayer 906B are etched simu1taneous1y and form 

second shape gate electrode layers 905B and 906B. 

At this time. the part of the first conducting fi1m 905A 

positioned outside the W fi1m is etched for about 8 seconds. 

Afterthat,toremoveetchingresiduesoftheTaNfi1mcomp1ete1y, 

an over-etching of 15 seconds 1.s carried out. In this 

over-etching. the gate insu1ating film 904A underneath the 

gate e1ectrode 1ayer 905A is etched by 3.2nm and becomes a 

second shape gate insu1at1.ng film 904B. 

Next, a second doping is carried out. Here, the first 

doping is taken to be a doping carried out in the channe1 region 

for contro111.ng the threshold characteristic of the TFT after 

the fo:cmati.on of the semiconductor 1ayer. 

By doping with an impurity impart1.ng then type, source 

and dra1.n regions are formed in the semiconductor 1ayer 908. 

In this preferred embodiment, phosphorus was chosen as the 

impurity and doped at a dose of. 1. 5xl015 atoms/cm2 with an 

accelerating voltage of 80kV. 

Next, a thl.rd dry etch~ng ~s carr~ed out. Here a1so 

an ICP dry etching apparatus is used, and the dry etching is 

carried out without the res:ist mask being remov~c!· C12. SF6 

and 02 were used for the etch:ing ga~; the ICP power was made 

500W: the bi.as power was made lOW; the etching chamber pressure 

was made 1.3Pa; and the respective flows of the gases C12, 

SF6 and 02 were each made 20sccm. 
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As a result of the bias power being made smal.ler than 

in the f:t.rst dry etch.ing, the W f.ilm gate e1ectrode 1ayer is 

etched se1ect.ivel.y and a th1.rd shape gate el.ectrode l.ayer 906C 

having a l.arger taper ang1e than .in the first and second shapes 

is obta:l.ned. 

The TaN f .il.m gate el.ectrode 1ayer .is hardl.y etched at 

a1l. and remains present, but the 'l'aN film that becomes exposed 

as the W film .is etched in the channel. l.ength direction is 

g:i:--adua11y etched from its edge and assumes a third shape 905C 

having an extremel.y sma11 taper angle of l.ess than 5°. 

At th.is time, the part of the second shape gate insul.ating 

f.ilm 9048 pos.1.t.ioned outside the 'l'aN fil.m gate el.ectrode 1ayer 

is etched by 37. 3. and a third shape gate .insul.at.ing fi1m 904C 

is formed. As a resul.t of the etch.ing carried out so far the 

gate insulating film has been etched by 40.Snm. 

Whereas .in the third preferred embodiment the gate 

insu1at.ing f.ilm was etched by about 64.4nm .in the first, second 

and third etclrl.ngs, .in th.is preferred embodiment, by us.ing 

SF6. it was poss.ib1e to reduce the amount by which the gate 

insul.ating film is etched by about 42i. 

Next. a third doping is carried out. Us.in~--~~e third 

shape gate el.ectrode l.ayer 906C as a mas~. an impurity imparting 

then type is doped through the gate electrode l.ayer 905C .into 

the part of the semi.conductor l.ayer 909 which does not over.lap 

with the W fil.m gate electrode l.ayer but does overlap with 
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the TaN film gate e1ectrode l.ayer. 

The edge of the third shape gate el.ectrode 1ayer 905C 

has an extremel.y smal.l. taper angl.e of l.ess than 5°, as ment1.oned 

above, and thus 1.ts film thickness has a distribut1.on. In 

correspondence with that fil.m thickness distribution, a sl.ight 

d:lstr:lbution a1so ari.ses in the impuri.ty concentration obtained 

in the semi.conductor 1ayer as a resul.t of the thi.rd doping; 

however, this is sma11er than the difference in the 1mpur1.ty 

concentration between the Lotf region and the Lov region whi.ch 

arises 1.n the first preferred embodiment. 

In this preferred embodiment phosphorus was chosen as 

the 1.mpuri.ty and doped to a dose of 3.Sx1012 atoms/cm2 with 

an accel.erating vo1tage of 90kV, whereby an n-type LDD region 

909 w:Lth an impur1.ty concentration l.ower than that of the source 

and drain regi.ons 908 is fo:cmed in the semi.conductor 1ayer 

909. 

A fourth dry etching is then carried out. The third 

shape gate e1ectrode l.ayer 905C 1.s etched to form a fourth 

shape gate e1ectrode iayer 905D. 

The edge of the third shape gate el.ectrode l.ayer 905C 

has a tapering shape, and by dry etching being carr~~.d out 

anisotropica11y the third shape TaN fi1m gate el.ectrode 1ayer 

is gradua11y etched from its edge toward the position where 

it overl.aps with the thi.rd shape gate el.ectrode l.ayer 906C, 

so that the width of the fourth shape gate el.ectrode l.ayer 
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905D thus formed is narrower than that of the th.ird shape gate 

e1ectrode 1ayer 905C. 

As a result of the fourth dry etching. part of the LDD 

region 909, a11 of which had overlapped with the third shape 

gate e1ectrode layer 905C, comes to be positioned outside the 

fourth shape gate electrode. Consequent1y. the LDD region 

909 becomes an Lof:r region 910 and an Lov region 911. 

However. because the gate e1ectrode 1ayer 905C 1.s a thin 

f.ilm (TaN film) having an extreme1y sma11 taper ang1e, 1.f etching 

conditions which resu1t in a high etching rate are used there 

is a possibi1i ty of the gate e1ectrode 1ayer 905C being etched 

away entire1y. 

In this preferred embod:Lment the fourth dry etching was 

carried out usJ.ng a para11e1 f 1at p1ate type RIE dry etching 

apparatus and with a chamber pressure of 6.7Pa, an RP power 

of aoow; and a 35sccm f1ow of CHP3 as the etchJ.ng gas. 

At this t:lme a1most a11 of the gate insu1ati.ng film 904C 

which did not over1ap with the third shape gate e1ectrode 1ayer 

905C is etched in the fourth dry etching, but even if this 

gate insu1ati.ng film is etched through comp1ete1y this does 

not cons ti. tute a problem in the manufacture of the semicond~.ct.or 

device. The reason for this is that because (:!HF3 is be~ng used 

as the etching gas the gate insulating film can be etched 

se1ecti ve1y with respect to the semiconductor 1ayer (silicon) . 

And because a1so when a contact ho1e for connecting an 
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intermediate interconnection with the semiconductor layer is 

formed, in the etching of the si1icon oxide nitride f1.:1Jn which 

is the first interlayer insulating film in the first preferred 

embodiment, conditions can be used, such as CHF3, such that 

silicon oxide nitride film is etched selectively. 

When in this kind of etching with CHF3 there is insufficient 

etching of the.TaN film, etching may be carried out for 5 to 

20 seconds using an etching gas of Cl2. CF,, and 02 to pre-etch 

the TaN film before the etching with CHF3 is carried out. 

And SF 6 can be us~d instead of CF,. 

After the fourth dry etching the photoresist 907 is 

removed. 

Byusingthismethoditwaspossibletoformagateelectrode 

of the same shape as in the third preferred embodiment, and 

the amount by which the gate insulating film had been etched 

at the end of the third dry etching was kept down to 40. Snm. 

A1though here the description has been given using the 

example of a gate electrode structure having tantalum nitride 

asalower1ayerandtungstenasanupperiayer,thegatestructure 

is not limited to this, and layers consisting of any elements 

selected from among tungsten. tantalum, titanium, mol.ybdenum, 

silver and copper and so on, or nitrides having these elements 

as constituents. or alloys combining elements among these may 

be suitably selected. 

By using the present invention it is possible to fabricate 
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sel.f-al.1.gn:Lngl.y a TFT havi.ng a GOLD structure and to reduce 

the number of masks and the number of manufacturi.ng steps needed 

to make th.is k.ind of TFT. The characteristics of a semiconductor 

dev.ice hav:Lng tbi.s TFT are improved; its manufactur.ing cost 

1.s reduced; the time needed to manufacture the dev1.ce can be 

shortened; and y1.eld can be improved. 

By means of thi.s 1.nventi.on 1t .is poss1.b1e to manufacture 

an n-channe1 TFT and a p-channel. TFT hav1ng a GOLD structure 

using only f.ive masks. 

F.ifth Pref erred Embodiment 

A TFT formed by 1mp1ement1ng Embodiment 1 or 2 mentioned 

above .is util.ized for various e1ectro-opt1.cal. devi.ces (act1.ve 

matr.ixl.1.qu1.dcrysta1d1splay,act.ivematr1.xBLd1spl.ay,active 

matr.ix EC di.splay). Namely, the present .invent.ion can be 

appl.ied to all. of electronic equ.ipments 1.ncorporat.ing the 

el.ectro-opt.ical. device .in .its d~splay porti.on. 

The fol.l.ow:l.ng can be g:l.ven as examples of such el.ectronic 

equ1.pments: a v1.deo camera; a d1.g1.tai camera; a projector; 

a head mounted d1spl.ay (a goggl.e type d1.spl.ay) : a car nav1.gat:l.on 

system; a oar aud.i:o system; a personal. computer; a portabl.e 

informat.ion termi.nal. (such as a mobil.e computer, a mob.ile 

telephone. or an electron:l.c book) • Examples of those electronic 

equ1.pments are shown 1.n Figs. 10, 11 and 12. 

F1.g. lOA .illustrates a personal computer whi.ch 1.ncl.udes 
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a main body 2001. an image .input portion 2002. a d.isp1ay port.ton 

2003, a key board 2004. or the 1.tke. The present .invention 

can be applied to the disp1ay port.ion 2003. 

F.ig. lOB .111.ustrates a video camera which .tnc1udes a main 

body 2101. a disp1ay portion 2102. an audio input portion 2103. 

operation switches 2104. a battery 2105, an image receiving 

portion 2106, or the l.ike. The present .invention can be app1ied 

to the displ.ay portion 2102. 

Fig. lOC i11ustrates a mob.t1e computer which inc1udes 

a main body 2201. a camera section 2202, an image receiving 

sect.ton 2203, operation switches 2204. a disp1ay portion 2205, 

or the l.ike. The present i.nvention can be appl.ied to the d.tspl.ay 

portion 2205. 

F.ig. lOD .illustrates a goggle type display which inc1udes 

a ma.in body 2301. a d.tspl.ay portion 2302. and an ai:m sect.ion 

2303. The present i.nvention can be applied to the -d:l.spl.ay 

portion 2302. 

Fig. lOE i11ustrates a p1ayer usi.ng a recording med.tum 

wh1ch records a program (berei.nafter referred to as a recording 

med:l.um) and i.ncl.udes a main body 2401. a displ.ay port.ton 2402, 

a speaker sect.ton 2403,. a recording medium 2404. and operat.ion 

switches 2405. This pl.ayer uses DVD (d:l.gital. versatile di.so). 

CD. etc. for the recording med1.um, ·and can be used for music 

appreciation. film appreciation, games and Internet. The 

present invention can be applied to the displ.ay portion 2402 • 
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Fig. lOF illustrates a digital camera which includes a 

main body 2501, a display portion 2502, a view finder portion 

2503. operation switches 2504, and an image receiving section 

(not shown in the figure) . The present invention can be appl.ied 

to the display portion 2502. 

Fig. llA is a front type projector which i.ncl.udes a 

projection device 2601 and a screen 2602. The present invention 

can be appl.ied to the liquid crystal. di.splay device 2808 which 

comprises one portion of the projection dev:f.ce 2601 and other 

dr:f.ving circuits. 

Fig. llB is a rear type projector which 1.ncl.udes a main 

body 2701, a projection device 2702, a m:l.rror 2703, and a 

screen 2704. The present invention can be applied to the liquid 

crystal displ.ay ~evice 2808 whi.ch comprises one portion of 

the projection device 2702 and other driving circuits. 

Fig. llC is a diagram which shows an exampl.e of the structure 

of the projection devices 2601 and 2702 of Figs. llA and llB. 

The projection devices 2601 and 2702 comprise: an optical light 

source system 2801• mirrors 2802 and 2804 to 2806• a di.chro:l.o 

mi.rror 2803; a prism 2807; a liquid crystal display device 

_2808; a phase differentiating plate 2809; and a projection 

optical system 2810. The projection optical system 2810 

comprises a plurality of optical. lenses hav:l.ng a projection 

J.ens. Though the present embodiment shows an example of 3-plate 

~ype, the present invention is not limited to this example 
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and a sing1e p1ate type may be used for instance. Further, 

an operator may appropr.1.atel.y d:l.spose an opt.t.cal. I.ens, a fi.l.m 

which has a funct.1on to pol.arize 1ight, a fi.lm which adjusts 

a phase d:l.fference and an IR f.1.1m, etc 1.n the optica1 path 

shown by an arrow in F.1.g. llC. 

F.1.g. llD is a diagram showing an exampl.e of a structure 

of the opt.1.ca1 11.ght source system 2801 of Fig. llC. In the 

present embodiment the optica1 l.ight source system 2801 

comprises: a refl.ector 2811; a 11.ght source 2812; 1ens arrays 

2813 and 2814: a po1arizer conversion e1ement 2815; and a 

condenser lens 2816. Note that the optical light source system 

shown in Fig. llD is mere1y an examp1e and the structure is 

not 1imited to this example. For .instance, an operator may 

appropriate1y dispose an opt1.ca1 I.ens, a film which has a 

function to po1arize light, a film which adjusts a phase 

difference and an IR f:l.lm, etc. 

IntheprojectorshowninFig.11,acasewhereatransmission 

type e1ectro-opt1.ca1 device is used is described and a ref1ection 

type eJ.ectro-opt.1.caJ. device and an EL disp1ay device are not 

described. 

Fig. 12A is a portabl.e tel.ephone which incl.udes a main 

body 2901, a voice output portion 2902. a voice input portion 

2903, a displ.ay portion 2904, operation swi.tches 2905, and 

an antenna 2906. The present invention can be app1ied to the 

display portion 2904. 
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Fig. 12B is a portable electronic book which includes 

a main body 3001, di.splay portions 3002 and 3003, a memory 

medium 3004, an operation switch 3005 and an antenna 3006. 

The present invention can be applied to the display portions 

3002 and 3003. 

Fig. 12C is a di.splay which includes a main body 3101, 

a support stand 3102, and a display portion 3103, etc. The 

present invention can be applied to the di.splay portion 3103 • 

. The display of the present invention is advantageous for a 

large size screen 1.n particular, such as a display equal to 

or greater than 10 :inches ( especia11y equal. to or greater than 

30 inches) in the opposite ang1~. 

As mentioned above, the application range of the present 

invention is extremely wide, and the invention can be applied 

to electronic equipments in al.1 fields. Further, any 

constitution of the electronic equipments shown in Embodiment 

1 or 2 may be employed in Embodiment s. 

In the present invention, the light-shielding portion 

1.s formed from a lamination ~i.lm consisting of two layers of 

the colored layers R + B or R + G). As a result, according 

to the present invention, a step of formi.ng a black matrix 

can be omitted. 
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WHAT IS CLAIMED IS: 

1 • A method for manufactur.:lng a sem.:lconductor device, 

comprisJ.ng: 

a first step of foi:ming a semiconductor 1ayer: 

a second step of formJ.ng a gate insu1ating fi1m over 

the semiconductor 1ayer: 

a third step of foi:ming a first conducting fi1m over 

the gate insu1at.:lng fi1m: 

a fourth step of f orm.:lng a second conducting fi1m over 

the first conducting fi1m: 

a fifth step of foxmi.ng a gate e1ectrode of a first shape 

by carry.:lng out dry etchi.ng at 1east once on the second conducti.ng 

fi1m and the first conduct:l.ng film: 

a sixth step of forming a first impurity region in the 

semiconductor 1ayer; 

a seventh step of forming a ga~e e1ectrode of a second 

shape by carrying out dry etching on the gate e1ectrode of 

the first shape: 

an ei~hth step of foxmi.ng a gate e1ectrode of a third 

shape by carrying out dry etchJ.ng se1ective1y on the second 

conduct.:l-ng f.:llm of the gate e1ectrode of the second shape1 

and 

a ni.nth step of forming a second impuri.ty reg.:lon J.n the 

semiconductor 1ayer. 
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2. · A method according to cl.aim 1, wherein the first conducting 

fi1m and the second conduct1.ng fi1m are each made of a material. 

sel.ected from among material.s having as a main constituent 

one of the refractory meta1s tungsten, tanta1um, titanium, 

and mol.ybdenum; al.l.oys conta1.n1.ng at l.east one of these metaJ.s: 

and nitrides having at 1east one of these metal.s as a main 

constituent. 

3. A method according to c1aim 1. wherein 1.n the dry etching 

of the fifth step the gate el.ectrode of the first shape is 

formed using a chl.orine-based gas and a fl.uorine-based gas 

or a chl.orine-based gas and a fl.uorine-based gas and oxygen. 

4. A method according to cl.aim 1, wherein :ln the dry etching 

of the seventh step the gate e1ectrode of the second shape 

is formed us1.ng a ch1or1.ne-based gas and a f1uorine-based gas. 

5. A method accord:lng to c1aim 1. wherein in the dry etching 

of the eighth step the gate e1ectrode of the th~rd shape is 

formed us.ing a ch1or1ne-based gas and a fl.uorine-based gas 

and oxygen.-

6. A method according to cl.aim 1. wherein in the ninth step 

the second impur1.ty reg:Lon is formed in the semi.conductor l.ayer 

by doping an impurity el.ement through the first conducti.ng 
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film of the gate eiectrode of the second shape and through 

the gate :l.nsuiating film. 

7. A method according to c1a1m 1, where:l.n in the ninth step 

an impurity reg.ton :ls formed simuJ.taneous1y :l.n a part of the 

semi.conductor 1ayer positioned outside the gate e1ectrode of 

the third shape and a part of the semi.conductor 1ayer over1apping 

with the gate e1ectrode of the th1.rd shape. 

8. A method for manufactur:ing a semiconductor device, 

comprising: 

a first step of forming a semi.conductor 1ayer; 

a second step of fo:cming a gate insu1ating film on the 

semiconductor 1ayer; 

a third step of forming a first conducting film on the 

gate insuiating film; 

a fourth step of forming a second conduct:l.ng film on 

the first conduct.ing fi1m; 

a fi.fth step of form1.ng a gate e1ectrode of a f:Lrst shape 

by carrying out dry etching at 1east once on the second conducting 

film and the first conducting fil.m; 

a sixth step of forming a first impurity region in the 

semi.conductor 1ayer; 

a seventh step of forming a gate e1ectrode of a second 

shape by carrying out dry etching se1ective1y on the second 
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conducting fi1m of the gate el.ectrode of the first shape; 

an eighth step of formi.ng a second impurity region in 

the semi.conductor l.ayer: and 

a ninth step of forming a gate el.ectrode of a third shape 

by carrying out dry etching sel.ectivel.y on the first conducting 

film in the gate electrode of the second shape. 

9. A method according to cl.aim 8, wherein the first conducting 

film and the second conducting film are each made of a material. 

selected from among material.s having as a main constituent 

one of the refractory metals tungsten, tantal.um, titanium, 

and m.ol.ybdenwn: all.oys containing at l.east one of these metals; 

and nitrides having at l.east one of these meta1s as a main 

constituent. 

10. A method accorcling to cl.aim 8, wherein in the dry etching 

of the fifth step the gate el.ectrode of the.first shape is 

formed using a chl.orine-based gas and a fl.uorine-based gas 

or a chl.orine-based gas and a fluorine-based gas and oxygen. 

11. A method according to cl.aim a. wherein in the dry etching 

of the seventh step the gate el.ectrode of the second shape 

i.s formed using a chl.orine-based gas and a fl.uorine-based gas 

and 02. 
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12. A method according to c1a1.m 8. wherein in the dry etching · 

of the ninth step the gate e1ectrode of the third shape 1.s 

formed using a gas se1ected from among: a gas made up of a 

ch1orine-based gas and a fl.uor:l.ne-based gas; a gas made up 

of a chl.or:tne-based gas and a fl.uor:l.ne-based gas and oxygen; 

13. A method accord:lng to c1ai.ms 8, wherein in the eighth 

step the second impurity region 1.s formed 1.n the semiconductor 

I.ayer by dop:l.ng an impurity el.ement through the first conducting 

fil.m of the gate el.ectrode of the second shape and through 

the gate insul.at:l.ng film. 

14. A method for manufacturing a semi.conductor device 1.ncl.uding 

a semiconductor l.ayer formed over an 1.nsul.ating surface, an 

insul.ating fi1m formed over the semiconductor l.ayer. and a 

gate el.ectrode formed over the insul.ating fil.m, the method 

comprising: 

a first step of form:l.ng a semi.conductor layer over an 

in~ul.at:tng surface; 

a second step-<>£ forming an i.nsul.ating fil.m over the 

semiconductor l.ayer; and 

a third s~ep of forming over the 1.nsul.ating f 1.l.m a gate 

electrode made up of a first conducting I.ayer and a second 

conducting 1ayer hav:l.ng at its edge a taper angl.e 1arger than 
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a taper angle at the edge of the first conducting layer. 

15. A method accord:l.ng to c1aim 14, wherein the edge of the 

semiconductor 1ayer bas a tapering shape. 

16. A method according to cl.aim 14, wherein the width of the 

second conducting !.ayer is narrower than the width of the first 

conducting 1ayer. 

17. A method according to cl.ailil 14, wherein in the third step 

the gate e1eotrode is formed by carrying out dry etching using 

a ch1or:Lne-based gas and a fl.uorine-based gas or a chl.orine-based 

gas and a f1uorine-based gas and 02 and then carrying out dry 

etching using a chl.orine-based gas and a f1uor:lne-based gas 

18. A method according to cl.aim 3, wherein the ch1or:Lne-based 

gas is a gas se1ected from the group consisting of C12 , BCL3 , 

Sic1, and cci.. 

19.,. A method according to. cl.aim 10, wherein the ch1orine-based 

gas is a gas se1ected from the group consisting of Cl.2 , BCL3 , 

SiCl.4 and CC14. 

20. A method according to claim 17, wherein the ch1orine-based 
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gas is a gas selected from the group consisting of C12 • BCL3 • 

SiC1, and cci,. 

21. A method accord:lng to cl.a:lm 3. wherei.n the fluori.ne-based 

gas is a gas selected from the group consisting of CF4 • SF6 

and NF3. 

22. A method accord:Lng to cl.aim 10. where:l.n the fl.uorine-based 

gas is a gas selected from the group consisting of CF,, SF6 

23. A method accord:Lng to c;tai.m 17. wherein the fl.uor.i.ne-based 

gas is a gas sel.ected from the group consisting of CF4 • SP6 

24. A semiconductor device compr.ising: 

asemiconductorl.ayerprovidedoveraninsul.atingsurface1 

an :Lnsul.ating f:Llm prov:Lded over the semi.conductor l.ayer: 

and 

a gate electrode provided over the :Lnsul.at:l.ng film, 

··-····wherein the gate el.ec.trode has a layered structure made 

up of a first conducting l.ayer constituting a l.ower l.ayer ~d 

a second conducti.ng l.ayer constituti.ng an upper l.ayer and having 

at its edge a taper angl.e l.arger than a taper angl.e at the 

edge of the first conducting l.ayer. and 
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wherein the semi.conductor 1ayer has a ohanne1-forming 

region over1apping with the second conducting 1ayer. and has 

an LDD region over1apping with the first conducting 1ayer. 

and has a source region and has a drain region. 

25. A device according to claim 24, wherein the edge of the 

semiconductor 1ayer has a tapering shape. 

26. A device according to claim 25, wherein the edge of the 

semiconductor 1ayer is covered by an 1.nsu1ating film provided 

between the gate electrode and the semiconductor 1ayer. 

27. A device according to claim 26. wherein the insu1ating 

film has a tapering shape in the proximity of the gate electrode. 
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