
SEMICONDUCTOR DEVICE AND ME'rHOD FOR MANUFAC'rURING SAME 

BACKGROUND .Qf.. THE INVENT1:Q!! 

Field of the In_v:en'!:_!.2!L 

This invention relates to a sem1conductor dev1ce and 

a method for manufacturing the semiconductor device, and 

particularly to technology fo.r. controlling the formation of 

impurity-doped regions in a semiconductor layer by a method 

of working a gate electrode of the devic<• by dry etching. 

Tho invention can for example be applj.ed to displays wherein 

this semiconductor device is used in a display part, and 

particularly to liquid crystal displays, organic EL displays 

(a light emj.tting device or a light emi ttj.ng diode) and electronic 

equipment using such displays. The EL ( elcctroluminescen t) 

devices referred to in this specification include triplet-based 

light emission devices and/or singlet-based light emission 

devices, for exainple. 

De~~£iption of the Related Art 

When in the £abri.cation 0£ a scmJ,conductor de.vioo n 

semiconductor layer is formed by dry etching or wet etching, 

or when an impurity region is formed in a semiconductor layer 

by doping, a mask made of photoresist is used. 

In dry etching or wet: etching, tho material outside tho 

part covered by the mask is removed, and t:h<~ material which 

is not etched assumes the same shape as the shap<' of the mask. 
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When doping is carried out, an impurity region is formed in 

the part of the semiconductor layer which is not covered by 

the mask. 

In recent years, the microminiaturizat:ion of structures 

of semiconductor devices having thin film transistors 

( ht~reinafter, TFTs) has been progressing. Consequently, there 

has boon a need for finer positioning in mask formation. 

Insufficiently fi.ne positioning is a cause of formation defects 

in the form.i.ng of resist masks. There has been known a method 

whereby to overcome l:his a semiconductor device is fabricated 

by a pa.rt of a TFT (for example the gate electrode) being formed 

by dry etching and then other parts of the TFT (for example 

source and drain regions) being formed using this already-formed 

part of: the TFT (for example the gate electrode) as a mask, 

self-aligningly. 

With such a method for making a semiconductor device 

se1£-aligningly it is possible to realize a reduction in the 

number of photo masks used in the forming of photoresist masks 

by photoli thography, and fine posi t1oning is unnecessnry. 

Becauseofthis,thetechnologyiscurrentlyreceivingattention. 

For the forming of an i.mpurity region in a semiconductor 

layer, the method of doping the sem.iconductor layer w.i.th a 

group 15 (of the peri.odic table) impur1 ty element such as 

phosphorus or arsen.ic or a group 13 (of the por1od1c table) 

impurity element such as boron is used. 
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Doping a serrt1.conductor layer with a group 15 impurity 

elerrtcnt forms an n·type region, and doping with a group 13 

impurity element forms a p·type region, and in this way source 

and draj.n regions a.re formed .1.n a semiconductor layer. 

A characteristic of a TFT is its OFF current (the current 

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

in this specification, I 0 ;,). When the characteristics of a 

TFT are being evaluated, it is des1.rable that the value of 

this I 0 u be small.. 

To make ! 0 ,. small, it is benefi.c1al to form an LDD ( L1ghtly 

Dopad Drain) region in the part of the semiconductor layer 

positioned outslde the gate electrode. 

Also, if hot carr:l.ers arise in the channel region when 

tha TFT is being d:riven (·i.e. 1$ ON) , this ca us as the semiconductor 

dElvice to deteriorate. To prevent this, it is dcs.irablo that 

a second r,DD region be formed :l.n a p."lrt or the semiconductor 

layer overlapping with thEl ga.te electrode. 

A semiconductor device strtloturEl having an LDD region 

overlapping with the gate electrode across a gate insulating 

fj.JJll .is known as a GOLD (Gate-drain Overlapped LDD) structure. 

GOLD structures are also called LAT ID ( La.rge ·tilt-angle 

implanted drain l structures and ITLDD (Inverse T LDD) structures. 

For example .1.n 'Mutsuko Hatano, Hajime Akimoto and Takesh.1. 

Sakai, IEDM97TECHNICl\LDIGES'r, P523·526, 1997' itisconfi:oned 

that a GOLD structure with a silicon 91de w.al.I. provides extremely 
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good reliability 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 example 

substrate wash.1.ng; the appl1cation of resist material; 

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

And the photoresist mask must be removed after the etching 

or doping process, and numerous steps are also required for 

this removal. These include for example ashing with a gas 

selected from among 0 2 • H20 and c~·.; removal using chemicals; 

or removal by means of a comb1nation of ashing and chemical 

treatment. At this time, removal using chemicals necessitates 

steps such as chemical treatment; rinsing with pure water; 

and drying of the substrate. 

Thus there has been the problem that using masks made 

from photoresist increases the number of steps requ.1.red to 

make a semiconductor device. 

And. along with the microm1n.1.aturization of sem.1.conductor 

dev1.oes, finer posi tloning 1n mask format1on has been requ1red. 

Insufficiently fine positioning is a cause of formation defects 

of resist masks, as rnentioned above, and ti.rne spent repairing 

such defects results in increased process time and has been 

a cause of increased manufacturing costs. 

'rhe use of rnasks made from photoresist i.n the fabrication 

of sem.iconductor devices has thus increased the number of steps 
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requiredforthefabricationprocess;increasedthetimerequired 

to complete the steps; increased manufacturing costs; and 

affected product yield. 

Accordingly, reducing the number of masks used is an 

effective way of reducing the manufacturing cost of a 

semiconductor device. 

Also, when the characteristics of a TFT in a semiconductor 

device are considered, it is desirable. that a firs_t LDD region 

of the kind mentioned above be formed in the sem.1.conductor 

layer. as this is effective in reducing I 0 a. which .1.s an .1.mportant 

character.1.stic of a TFT. 

And to prevent dote.rioration of the sem.i.conductor dev1ce 

it .i.s preferable for the device to have a GOLD structure, and 

by forming a second LOO region of tho kind described above 

so as to overlap with the gate electrode across the gate insulat.1.ng 

film it :ls possible to suppress hot carriers forming in tho 

channel regton and the dra:3:n region. 

In this specification document the above-mentioned first 

LDD regton wU.1 be called the Loff region and tho above-mentioned 

second LDD reg.ton will be called the Lov region. 

However. to dope the Lor< region and the L 0 v region with 

an impur1ty it 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 i:·esult:l.ng from tho 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 L0 ,. region 

and the r, 0 v region, fj.ne positioning is necessary in the formation 

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

Consequently. trouble has often arisen which causes positioning 

failure at the time of mask formation. 

For these reasons, in the forming of a semiconductor 

device having a GOLD structure, because the structure 

necessitates fine pos.itioning control, increased numbers of 

masks and trouble in the formation of photoresist masks have 

been a great problem and have constituted a cause of increased 

manufacturing cost of the semiconductor device, increased time 

requ.t.red for manufacture, and reduced manufacturing yield. 

To overcome this, the present inventors, having been 

researching the possibility of forming an L0 ,. region and an 

L0 v region to constitute LDD regions of a semiconductor device 

having a GOLD structure se.l.f-aligningly witl10ut using masks 

made from photoresist, have invented a fabrication method for 

forming an L0 ,. reg.ton and an Lov region by doping a semiconducto.r 

layer with an impurity element sel.f-al.1.gn.1.ngly by means of 

certain gate electrode materials and dry etching methods. 

By using this invention .it is possible to form an r.. 0 ,. 

region and an L0 v region by doping the semiconductor layor with 

an impurity element self-aligningly and the.reby to reduce the 

6 



number of masks required and eliminate trouble associated with 

the formation of these masks. Thus it is possible to reduce 

the manufacturing cost of a semiconductor device and the time 

requ.tred for its manufacture. 

SUMMARY OF THE INVENTION 

In the fabrication of a semiconductor device. it is 

preferable to provide an LDD region. And to suppress 

deterioration of the semiconductor device. it is desirable 

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

has hitherto been necessary to form a mask made of photoresist. 

Consequently, increased mask numbers and increased 

manufacturing cost have been a problem. However, with the 

present invention it is possible to form an Lot!' region and 

an Lov region self-alignj.ngly and thereby to reduce the number 

of masks needed to manufacture a sem.iconductor device and to 

r·educc manufacturing time and manufacturing cost. 

The edge of a gate electrode in a semiconductor device 

with a GOLD structure overlaps with part of the LDD region 

across the gate insulating film. In this invention the shape 

of the gate electrode is worked to a taparing shape. and doping 

is carried out self-al.1.gningly a number of times using the 

gate electrode so W<)rked as a mask. In this way, a source 

r·egion, a drain region f an Loff region and an Lnv reglon are 

forme(L In the doping, by an 1.rnpurity being doped through 
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part of the gate electrode, the L 0 v region is formed in a part 

of the semiconductor layer overlapping with the gate electrode: 

consequently, impurity regions each having a different impur1ty 

concentration are formed in the semi.conductor layer. 

Specif1cally. the invention provides a method for forming 

a semiconductor device w1th a GOLD structure self-align1ngly 

by means of a semiconductor device fabrication method includ.ing: 

a first step of forming a semiconductor layer; a second step 

of forming a gate insulating film on the semiconductor layer: 

a third step of forming a first conducting film on the gate 

insulating f1lm: a fourth step of forming a second conducting 

film on the first conducting film: a fifth step of forming 

a gate electrode of a first shape by carrying out dry etching 

at least once on the second conducting film and the first 

conduct1ng film: a sixth step of form1ng a first impurity reg1on 

in the semiconductor layer; a seventh step of forming a gate 

electrode of a second shape by carrying out dry etch.ing on 

the gate electrode of the first shape; an eighth step of forming 

a gate electrode of a third shape by carrying out dry etch1ng 

selectively on the second conducting film of the gate electrode 

of the second shape; and a ninth step of forming a second impurity 

reg:Lon in the sem.iconductor layer. 

In this invent:Lon. for each of the first conducting film 

and the second conducting film a material is selected from 

among the refractory metals tungsten. tantalum, tit<:m1um, and 
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molybdenum; nitrides having at least one 0£ these metals as 

a main constituent: and alloys conta.ining at least one of these 

metals. The first conducting film and the second conducting 

fj.lm are made of different materials. 

A high-density plasma is used for the dry etching, and 

an etching apparatus is used with which it is possible to control 

independently the power of a plasma source and a bias power 

for generating a negative bias vo.ltage on the substrate side. 

From experimental results obtained by the inventors it was 

discovered that the taper angle of the gate electrode edge 

depends on the bias voltage on the substrate side, and it was 

found that by setting the bias power of the dry etching apparatus 

higher it is possible to reduce the taper angle of tho gate 

electrode. By suitably controll.ing the bias power it is possible 

to form a gate electrode having at its edge a taper angle of 

5 to 80°, and this gate electrode is used as a mask for forming 

impurity regions. 

:tn this specification document, for convenience, the 

angle that a slop1.ng side face of a conducting l.ayer makes 

w1.th the horizontal will be called the taper angle; a sloping 

side face having this taper angle w1.ll be called a tapering 

shape; and a part having the tapering shape will be called 

the tapering part . 

. !n the f1.fth step dry etching is carried out so that 

a taper angle 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 dry etching is carried out with a 

smaller bias power than in the fifth step. As a result of 

the bias power being made smaller, 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 first 

shape, is formed. 

In the eighth step the second conducting f i.lm is dry 

etched selectively. And in this st0p the taper angle of the 

edge of the second conducting film of the gate electrode of 

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

because first conducting film of the gate elect.rode 1s hardly 

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

width of the second conducting film is na.rrower than that of 

the first conducting film ls formed. 

For fo.rm1ng the impurity regions. ion doping is used. 

Besides 1on doping, ion injection can altornativoly be used. 

In thls invention when doping of the impurity is carried out 

a mask made from photoresist is not used and inst0ad the gate 

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

11eeded to make the semiconductor device 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 element such as boron is 

doped in the sixth 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 first impuri.ty region is formed 

in the part of the semiconductor layer positioned outside the 

first shape. 'rhis fi.rst impurity region is a source or drain 

regi.on. 

In the ni.nth step a second impurity region is formed 

by the impurity element being doped using as a mask just the 

second conducting film of the thj.rd shape gate electrode. 

In the doping conditions i.n the ni.nth step a smaller dose and 

a higher accelerating voltage than in the conditions at the 

time of the fo:anation of the first impuri.ty region are used, 

so that a second impurity region having a lower impurity 

concentration than the first impurity region is formed in the 

semiconductor layer. And the impurity element is doped into 

the semiconductor layer through the first conducting film Of 

the gate electrode of the third shape and through the gate 

.insulating fi.lm. Of the second impurity region, an L"" region 

is formed outside the gate electrode of the third shape and 

un L0 v region is forme(l in a region not overlapping with the 

second conducting film but overlapping with the first conducting 

film. 

By using th<l above means a GOLD structure semiconductor 
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device 1s formed Which has a semiconductor layer 1ncluding 

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 sem1con1luctor device: 

a photo mask for forming an island-shaped semiconductor layer; 

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

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

regions and the Lor; reg1on and the r. 0 , region are formed in 

the semiconductor layer self-aligningly. 

By reduc.ing the number of masks using the means described 

above it is possible to reduce the number of manufacturing 

steps and the time needed to produce the semiconductor device; 

reduce manufacturing cost; and improve y1e1d. 

It is also possible to form a GOLD structure in a 

semiconductor device having an island-shaped semiconductor 

layer, a gate 1nsu1ating film and a gate electrode by processes 

bes1des that described above, with the same number of masks, 

by changing the process order ana the conO.itlons o.C the dry 

etchings and impurity dopings. Be.low, a specific manufacturing 

process constituting an example othe:e than that set forth above 

is descr1bed. 

That ls, the 1nvention also provides a method for form:lng 

a GOLD structure self-align1ngly by means of a semiconductor 

device fabr1cation method including: a first step of form.ing 
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a semiconductor layer; a second step of forming a gate insulating 

film on the semiconductor layer; a third step of forming a 

first conducting film on the gate insulating film: a fourth 

step of forming a second conducting film on the first conducting 

film; a fifth step of forming a gate electrode of a first shape 

by carrylng out dry etching at least once on the second conducting 

film and the first conducting film: a sixth step of forming 

a first impurity region in the semiconductor layer; a seventh 

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

out dry etching selectively on the second conducting film of 

the gate electrode of the first shape: an eighth step of form.tng 

a second .tmpurity reg.ton in the semiconductor layer; and a 

ninth step of form.tog a gate electrode Of a third shape by 

carrying out dry etching selectively on the f.trst conducting 

film in the gate electrode of the second shape. 

ln this method, for each of the first conducting film 

and the second conducting film a material is selected fr.om 

among the refractory metals tungsten. tantalum, titanium. and 

molybdenum; nitrides having at least one of these metals as 

a main constituent: and alloys containing at least one of these 

metals. The first conducting film and the second conducting 

film are made of different mater.la.ls. 

For the dry etching, an etching appar.atui• is used with 

which it is possible to control independently the power of 

a plasma source and a bias power for generating a negat1ve 
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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 angle 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 film in the 

gate electrode of the flrst shape is etched selectively. Also, 

dry etching is carrted out with a sma11er bias power than in 

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

power being made sma.ller, the taper angle of the second conducting 

film edge becomes larger than in the gate electrode of the 

first shape. And because the first conducting film is hardly 

etched at all. a gate electrode of a second shape wherein the 

width of the second conducting film is narrower than that of 

the first conducting film is formed. 

For forming the impurity regions, ion doping is used. 

Besides ion dop.1.ng, ion injection can alternatively be used. 

In the sixth step the gate electrode of the first shape is 

used as a mask. and a f1rst 1mpurity reg1on 1s formed 1-n the 

sem1conductor layer positioned outs1de the first shape by an 

impur1 ty element being doped through the gate insulating film. 

Th:l.s f1rst 1mpur1ty region becomes a source or drain reg1on. 

In the eighth step a second .impurity region is formed 

by dop1ng the semiconductor lay<~r w1th an 1mpurity element 

using the second conducting film of the gate electrode of the 
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second shape as a mask. In the doping conditions in the eighth 

step, a smal.ler dose and a higher accelerating voltage than 

in the condi.tions at the time of the, formation of the first 

impurity reglon are used, so that a second lmpurlty region 

having a lower impurity concentration than the first lmpurity 

region is formed ln the semiconductor layer. And the lmpurity 

element ls doped lnto the semlconduotor layer through the first 

conductlng film of the gate electrode "of the second shape and 

through the gate lnsulating film. 

In the n1nth step. the f1rst conducting f.ilm is dry etchad 

salect:lvely. In the first conducting film. because an extremely 

small taper angle is formed in the part not overlapping wlth 

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

the flrst conducting fl.lm is etched from lts edge and narrows. 

and a gate electrode of a thi.rd shape is formed. At this time. 

a second impurity region has been formed ln the semiconductor 

layer overlapping wlth the first conducting film, and as a 

result of the first conducting film becoming narrow a part 

of the second impurity region comes to be positioned outside 

the gate electrode of the third shape. Of this second impurity 

region. the region pos1tioned outside the gate electrode of 

the third shape becomes an L0 ,. region and the reglon overlapping 

w:I. th the gate electrode of the third shape becomes an Lov region. 

A.lso by using the means descr.ibed above, with two photo 

ma.,ks it .is poss.ible to form a sem.iconductor device having 
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a semiconductor layer including a source region, a drain region, 

an Loa region and an L0 ,, region; a gate insulating film; and 

a gate electrode. 

'l'he invention can be said to have a characterizing feature 

in the method by which the gate electrode is formed. 

That is, the invent:l.on further provides a method for 

manufacturing a semiconductor device including a semiconductor 

layer formed on an insulating surface, an insulating 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 insulating surface; a second 

step of forming an insulating film on the semiconductor layer; 

and a th1rd step of forming on the insulating 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 f1rst conducting layer. 

In this 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, the edge of the first conducting 

layer preferably has a tapering shape, and to ob ta.in this tapering 

shape, in the third step, the gate electrode is formed by carrying 

out dry etching using a chlor:lne-based gas und a fluorine-based 

9as or a chlorlne-based gas and a fluor:lne-based gas and o, 

and then carry:lng out dry etching using a chlorlne-based gas 
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and a fluorine-based gas and o,. 

Because the second conducting laye.r has at its edge a 

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

edge of the first conducting layer (below 60° and preferably 

less than 5°), the second conducting layer is narrower in width 

than the first conducting layer. 

·The chlorine-based gas is a gas selected from among Cl,. 

BCL,, Siel, and eel,. The fluorine-based gas is a gas selected 

from among CF" SF 6 and NF, . 

A semiconductor device having a gate electrode hav1ng 

a tapering shape obtained by th1s method 1s also a character1z1ng 

feature of the present invention. It 1s poss1ble to obtain 

a GOLD structure TFT self-a11gningly by forming a gate electrode 

made up of a first conducting layer and a second conducting 

layer with differing taper angles and then carry1ng out doping 

of an impurity element. 

'!'hat is, the invention further provides a method for 

manufacturing a sem.tconductor device includ1ng a semiconductor 

layer formed on an insulating surface, an insulating film formed 

on the semiconductor layer, and a gate electrode formed on 

the insulating film, in which method the gate electrode has 

a layered structure made up of a first conducting layer 

cons ti tu ting a lower layer and a second conducting layer 

cons ti tu ting an upper layer and having at .i to edge a taper 

angle larger than a taper angle at the edge of the first conducting 
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layer and the semi.conductor layer has a channel-forming reg.ion 

overlapping with the second conducting layer across the 

insulating film, an LDD region overlapping with the first 

conducting layer across the insulating film, and a source region 

and a drain region. 

In this method, the edge of the semiconductor layer i.s 

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

3E aQ.d Figs. 9A through 9E. 

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

Figs. 9A through 9E, the edge of the semiconductor layer is 

covered by an insulating f1lm provided between the gate electrode 

and the semi.conductor layer. And as shown in F1gs. 3A through 

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

shape in the prox:Lmity of the gate electrode. 

BRIEF DESCR~.E!_;t,9.l;!,OF THE DRAWINGS 

Figs. lA through lD are charts showing etching 

characteristics of a W film and a TaN f :Llm: 

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

and after etch.ing; 

Figs. 3A through 31': are views illustrating steps of etching 

and doping a gate electrode in accordance with the invention; 

Fig. 4 is a graph show.ing variation of the length of 

an L.DD region with etching conditions: 

Figs. 5A through 5C are views illustrating a process 
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fox· manufacturing an AM-LCD (Active Matrix Liquid Crystal 

Display) in accordance with the invention; 

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

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

Crystal Display); 

Fig. 7 is a further view illustrati.ng tho same process 

to:c manufacturing an AM-LCD (Active Matr.ix Liqui.d Crystal 

Dj_splay); 

F.ig. 8 j_s a secti.onal construction view of a reflective 

liqui.d crystal display; and 

Figs. 9A through 9E views .illustrating steps of etching 

and doping a gate electrode in accordance with the i.nventi.on. 

Figs. lOA through lOF are views .illustrating examples 

of electron.le equipment:. 

Pigs. llA through llD are views illustrating examples 

of electronic equipment. 

Figs. 12A through 12C are views illustrating examples 

of electronic equ.ipment. 

DETAf.!-ED DBSCRlP.TION OF 'l'HE ~8.lj:gJi!,R~E~_~MBODIMEN'l'S 

First PractiC:l,1!.~L.':!s>.de 

The present inventors carried out a number of experiments 

relat.ing to best modes of practic.ing tho i.nvontion. These 

w.ill now be discussed using F.igs. lA through 4. The following 

description will tal<e as an example the case of a gate electrode 
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structure with tantalum nitride as a lower layer and tungsten 

as an upper layer; however, the invention ls not limited to 

this gate structure, and layers consisting of any elements 

selected from among tungsten, tantalum, titanium, molybdenum, 

silver and copper and so on, or nitrides h1;1.ving these elements 

as constituents, or alloys of these elements may be suitably 

selected. 

In this invention, an apparatus (hereinafter also called 

an ICP dry etching appar1;1.tus) llav.ing an ICP (Induct! vely Coupled 

Plasma) plasm1;1 source was used as the etching apparatus. A 

ch1;1.racterizing fe1;1.ture of the ICP dry etching 1;1.pparatus is 

th1;1.t an ICP power, which is the plasma source. and a bias power, 

which produces a negative b.ias voltage on the substrate s.ide, 

can each be controlled .independently. 

E~J2eriment.1 

First, character.ist1cs obtained when this ICP dry etching 

apparatus was used to etch a tungsten (W) film and a tantalum 

n1tride (TaN) film w111 be described. 

When an ICP dry etch1ng apparatus is used, the .important 

parameters in the etch1ng are the ICP power, the bias power, 

the etching chamber pressure, the etch1ng gas and the flow 

of the etch1ng gas. 'l'he etching rates of a W film and a 'l'aN 

f11m were measured for d1fferent combinations of values of 

these parameters, '!'he results aro shown 1n Table 1 and F1gs. 
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lA through lD. 

Table I 

(etching rates (E.R.) of Wand TaN. and w taper angle) 
ICP bias pressure CF, Cl, 0, I <- R. (fJ TIN<- I!. ® l/TaN seloetion r&tio W t11perana-le 

··-··-·-···~--

[W) [Ir] [Pa] [scco.l t•OT.llil ·· tn.JoTrif ~···<D+w-··--- -·---·-condition 
[doe:] I soo 20 I. 0 30 30 0 sa. 91 66- 4J 0. 889 80 2 soo 60 I. 0 30 30 0 88. 71 118. 46 0. 750 25 3 500 100 I. 0 30 30 0 111. 66 168. 03 0. 667 18 4 500 20 I. 0 25 25 10 124. 62 20- 67 6. 049 70 5 500 60 LO 25 25 10 161. 72 35. 81 4_ 528 35 6 500 100 I. 0 25 25 10 176. 90 56. 32 3. 008 32 -· 7 500 ISO I. 0 25 25 10 200. 39 '80. 32 2, 495 26 8 500 200 I. 0 25 25 10 218. 20 102. 87 2. 124 22 

' 9 500 250 I. 0 25 25 10 232. 12 124. 97 I. 860 19 ~ 

10 soo 20 I. o 20 20 20 - 14. 83 - -,, -II 500 60 I. 0 20 20 20 193. 02 14. 23 13. 695 37 12 500 100 1. 0 20 20 10 135. 27 21. 81 10. 856 29 13 500 150 1. 0 20 20 20 276. 14 38. 61 7. 219 26 14 500 200 I. 0 ' 20 20 20 290. 10 45. 30 6. 422 24 15 500 250 I. 0 20 20 20 304. 34 so. 25 6. 091 22 
lt is to be noted that • - • in the above •rable 1 means that 
measurement .1.s impossible because the W surface is changed 
in quality during the etching. 

As the sample structure used for the etching rate 
measurements, a 400nm W film or a 300nm TaN f1lm was formed 
by "puttering on a Corning Corp. #1737 substrate, and using 
a photoresist mask of a suitable shape the w film or TaN film 
was half-etched for a suitable time. The amount of etchi.ng 
of thew f.1.lm or TaN film was then measured w.1.th a step measur.1.ng 
instrument, and the etching rate was calculated from this and 
the etcl1ing time. The results are shown in 'l'able 1 and Figs. 
lA <'ind lB. 
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In Table 1. etching rates were evaluated for different 

bias power and etching gas conditions, with the ICP power fixed 

at SOOW and the chamber pressure fixed at 1.0Pa. 

'!'able 1 and Fig. lA show data on the dependency of the 

etching rate of the W film on the bias power and the etching 

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

with increasing b.ias power and with the addition of oxygen 

(02 ) to the etch.ing gas. 

'!'able 1 and Fig. lB show data on the dependency of the 

etch.ing rate of the TaN film on the b.ias power and the etching 

gas. Here it can be seen that al though like the etching rate 

of the W film the etching rate of the TaN film increases with 

increasing bias power. the etching rate decreases with the 

addit1on of oxygen to the etching gas. 

When the data of Table l was used to obtain tho selectivity 

of a W f1lm w1 th respect to a TaN f1.lm (tho ratio of tho etching 

rate of a w film to the etching rate of a TaN film). as shown 

in THble 1 and Fig. lC it was found that whereas this selectiv.ity 

.is less than l when no oxygen is added to the etching !JHS, 
.it increases to a maximum of 13.695 when oxygen .is added to 

the etching gas. 

,J;;.li.J2er;t,~...l 

To verify tl1is result. the inventors selected from among 

the conditions shown in Table 1 and actually carried out etch.tng 
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on a sample with a layered structure made by forming a TaN 

film on a glass substrate and then forming a w film on the 

TaN film. The etching conditions and optical microscope 

photographs of the results are shown i.n Figs. 2A and 28. 

In Figs. 2A and 2B, an insulating film consisting mainly 

of silicon is formed on a Corning Corp. #1737 glass substrate. 

and silicon 201 crystalli.zed by means of heat or a laser .is 

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

semiconductor layer. The insulating film is formed to prevent 

the emission of impurities from the glass substrate and may 

be of any substance and thickness as long as it is j_nsulating. 

A gate insulating film is formed so as to cover the 

island-shaped semiconductor layer on the j,nsulating film. 

A TaN film to serve as a first conducting film iii formed 

to a thickness of 30nm on this gate insulat:ing film. a w film 

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

of 370nrn on the first conducting film, and gate electrode and 

gate interconnection masks 202 are formed with photoresist 

on this. 

Fig. 2A shows the result obtained when the second 

conducting film was selectively etched using the condj.tions 

7 J.n Table 1 (wherein the ICP power is 500W, the bias power 

is 150W, and the chamber pressure J.s l.OPa: Cl,, CF, and 0 2 

are used for the etching gas: and the flows of the gases Cl,, 

CF', and 0 2 are 25sccm. 25sccm and lOsccm respectlvely). 

23 



Fig. 2B is a photograph of the gate electrode obtained 

by using the conditions 1 of Table 1 (wherein the ICP power 

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

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

flows of the gases Cl, and CF, are each 30sccm) to etch the 

W film and the TaN film on the substrate obtained by selectively 

etching the W film under the conditions 7. 

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

angle of 26°; its edge 203 projects outside the resist mask 

by 700 to aoonm: 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.i.lm and the w film have been etched 
simultaneously and tho TaN film that had remained outside tho 

tapering W film has been completely etched away. 

This Experiment 2 was curried out on the basis of 

selectivities of a W film with respect to u •raN film obtained 

in Table 1, and confirms that select.tve etching of a sample 

actually having a layered structure of a Ta.N film and a W film 

is possible. Also. in Experiment 1 and Experiment 2 .it wus 

found from the shupe of the W film ufter etching that there 

is a correlation between the taper angle of the W f.ilm und 

the bias power. 

Exp~~pt_2 

Next. tap(~r ungles obta.ined on etching W films were 
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measured. An insulating film consisting mainly of silicon 

was formed on a Corning Corp. #1737 glass substrate, a 400nm 

W film was formed on that and then a photoresist 3.5µm line 

mask was patterned. At this time, a taper angle of 60° was 
formed on the edge of the photorosist. 

The insulating fil.m is provided to prevent the emission 

of impurities from the gl.ass substrate during etching of the 

W film, and as long as there is selectiv.ity of W film with 

respect to it under the etching conditions used it may be of 
any type and thickness. The sample was etched under different 

bias power and etching gas conditions, and using SEM (Scanning 

Electron Microscopy) its cross-sectional shape was observed 

and the taper angle measured. 

The results are shown in •rable 1 and Fig. lD. As the 
bias power increases from 50 to 250 Watts tho taper angle of 

the W film gently decreases from 37° to 18°, but when the bias 

power is 20W the taper angle is 70° to 80° and thus the shape 
of the edge of the W film is almost vertical. 

The present invention provides a semiconductor device 
manufacturing method characterized in that a gate electrode 

has a two-layer structure made up of a gate electrode layer 

consisting of a first conducting film and formed on this gate 

electrode layer another gate elect.rode layer consist:lng o:r 
a second conducting :film; tho gate electrode layer consisting 
of the second conducting film is selectively etched through 
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control of an etching gas in dry etch1.ng: and a taper angle 

of the edge of the gate electrode is controlled through control. 

of a bias power producing a negative bias voltage on the substrate 

side in tho dry etching. The shape of the gate electrode is 

freely worked and the gate electrode is used as a doping mask 

to dope an impurity into a source regton, a dratn region and 

an LDD region hav1.ng an I.0 ,, reg1.on and an L0 , region using 

self-alignment. 

~on,?. Practicing.Mode 

Next. Figs. 3A through 3E, which are cross-sectional 

views showing one end of a gate electrode, will be used to 

explain j_n detail a method for using the results of Experiments 

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

a drain reg;l.on, an L 0 ., region and an L 0 v region in a semiconductor 

layer by doping respective regions of the semiconductor layer 

self-aligningly, with the gate electrode as a mask. 

First, the following sample is prepared. On a glass 

substrate 301. an .insulating fi . .lm 302 consisting mainly of 

sil.icon is formed to prevent the d.iffusion of .impurities from 

the glass substrate. Then, an island-shaped semiconductor 

layer 303 and, covering this, a first shape gate .insulat;Lng 

film 304A are formed on the insulating film 302. 

A TaN f.Llm to sorve as a f;Lrst conducting f.i.lm .is formed 

to a thickness of 30nm on this sample, and a W film to serve 
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as a second conducting film j,s formed to a thickness of 370nm 

by sputtering on the first conducting film. Then, a photoresist 

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

semiconductor layer to become a channel region. 

A first dry etching is then ci'l.rried out. . (Fig. 3A) As 

tile etching conditions, the ICP power is so ow, the bii'ls power 

is 150W. the chamber pressure J.s l.OPa. and Cl,_ CF, i'lnd 0 2 

i'lre used for the etching gi'ls. The respective gas flows of 

the gases Cl2 , CF, and 0 2 are 25sccm, 25sccm and lOsccm. These 

etching conditions i'lre the conditions 7 shown in Ti'lble 1. and 

thus it is possible to form a taper shape of taper i'lngle 26° 

in the w film and the selectivity of the w film with respect 

to the TaN film is about 2.5. Here, thew film is dry-etched 

selectively using these conditions. In the etch.ing. the light 

emission strength of the plasma is monitored to detect the 

end point of the etching of the W film. 

Preferably, after the end po.int .is detected. over-etch.ing 

is carried out so that there is no occurrence of etching residues 

or the like. and here. to prevent the TaN film being etched 

excessively by a long over-etching. a 10% over-etching is ci'lrried 

out. 

As a resu.1 t of th.is first dry etching, the w f.ilm 

const.ituting the second conducting f.ilm becomes a first shape 

gate electrode li'lyer (second conduct.1.ng layer) 306A having 

"taper i'lngle of 26°, and the TaN f.ilm constituting the first 
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conducting f.ilm,. although 1t 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 Cl2 , BCL,, Si Cl, and CCl., fluorine gases 

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

as main const1tuents may alternatively be used. 

At this time, because the TaN film performs the role 

of a stopper layer, the first shape gate insulating film 304A 

is not etched. 

'!'hen, without the photoresist being removed, a second 

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

ICP power is made SOOW, the b.1as power is made ZOW, the chamber 

pressure is made 1. OP a, and Cl2 and CF, are Us(ld for the etching 

gas. The respective flows of the gases Cl, and CF, are each 

30sccm. •rhese are the condi t.ions 1 shown in Table 1. The W 

film and the •raN film are etched at substantially the same 

etching rate, and become second shape gate electrode layers 

305B, 306B. 

In the second dry etching, during over-etching of the 

'l'aN film, the first shape gate insulating fllm is etched by 

13. 8 to 25. 8nm and becomes a second shape gate insulating film 

304B. 

In the second dry etching, another gas selected from 

among chlori.ne gases such as Cl2 , BCL3 , SiC14 and CCJ. 4 • fluorlne 
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gases such as CF,, SFo and NF,, and 0 2 , or a mixed gas having 

these as main constituents may alternatively be used. 

Next, without the photoresist being removed, a first 

doping is carried out, to form a source region and a drain 

region in the semiconductor layer 303. Here. to form n-type 

regions in the semiconductor layer, phosphorus was doped in 

a dose of 1.sx101
' atoms/cm' with an accelerating voltage of 

80kV. Ann-type source region and an·n-type drain region 308 

were thereby formed in the parts of the sem.iconductor layer 

doped with phosphorus. (Fig. 38) 

Next, without the photoresist being removed, a third 

dry etching is carried out. (Fig. 3C) As a result of the second 

dry etching, the photoresist 307A has become a second shape 

photoresist 307B. As the etching conditions of the third dry 

etching. the XCP power is made 500W, the bias power is made 

20W. and the chamber pressure is made .l.OPa. C12 and CF, are 

used for the etching gas. The respective flows of the gases 

Cl2 and CF, are each 30sccm. 

Both the W film and the •raN film are etched in this third 

dry etching. As a result of the third dry etching, the tapering 

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

etchings assumes a larger angle and the width of the gate electrode 

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

are f'ormed. 

In this third dry etchi.ng. the part of the second shape 
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gate insulating film 304B which doas not overlap with the sacond 

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

the second shapa gate electrode is etched and narrows in width 

to become the third shape gate electrode. the gate insulating 

film progressively exposed to the plasma also is gradually 

etcl>ed. and a third shape gate insulating film 304C having 

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

about 60nm of the gate insulating fiim is etched. 

In the thi:r:·d dry etching. another gas selected from among 

chlorine gases such as Cl2 , BCL 3 , Si Cl, and Ccl., fluorine gases 

such as CF,, SF• and NF,, and 0 2 , or a mixed gas having these 

as main constituents may alternatively be used. 

In the third dry etching it is preferable for SF6 to 

be used in the gas for etching the w film and the TaN film, 

because this makes it possible to obtain a high selectivity 

with respect to the gate insulating film. 

When SF• is used in the gas for the third dry etching. 

for example the ICP power is made 500W, the bias power is made 

lOW, the chamber pressure is made 1.3Pa, Cl2 and SF6 are used 

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

C1 2 and SF6 a,re made 20sccm and 40sccm. At thj.s time the etching 

rate of the W film is 129.5nm/min, the etching rate of the 

gate insulating film is 14.0nm/m. and the selectivity of the 

W film with respect to the gate insulating film is 9. 61. When 

the third dry etching is carr1ed out with these condit.1.ons, 
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the gate insulating film is only etched by about 5nm. 

An experiment was oarrted out to evaluate the etching 

rates of a w ftlm, an Si02 film and a TaN film using Cl2 and 

SF\ or Cl2 , SF6 and 0 2 under conditions other than those menti.oned 

above. The results are shown in Table 2. 

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

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

under various etching conditions) 

Cl, SF, o, ICP BIAS PRESS w E. It GI E. R. TaN E. It select ion ratio [seem) [W] (W) [Pai [nm/i. in] [nm/min] (nm/min] W/SiON 11'/TaN "" ., -0 60 0 500 20 I. 0 94. 7 26. 9 3, 78 . ··-I 0 50 0 500 20 I. 0 90. 3 28. 3 3. 43 " ... ·-20 40 0 500 20 I. 0 I I3. 4 31. l 3. 87 ... M ............... ••• 

30 30 0 500 20 I. 0 l 05. 6 37. 5 2. 98 "' .. 
""' "" - .. 40 20 0 500 20 I. 0 94, 5 37. 7 2. 67 .• . ··- -

" 20 40 0 500 IO I. 3 I 29. 5 14. 0 85. I 9. 6 I l. 52 .. .. ·-20 40 0 500 20 I. 3 I 85. l 44. 3 137. 5 4. 45 I. 35 ~· - .. - .... ~ -20 40 0 500 30 I. 3 I 73. 0 57. 2 3. 19 "'' 20 40 0 700 20 I. 3 251. 2 49. 9 I 35. 0 5. 44 I. 86 .. .. 
20 40 0 900 20 I. 3 358. I 65. 2 5. 8I ... --20 40 0 700 10 I. 3 274. 3 29. 8 l 07. 4 9. 33 2. 56 .• -10 50 0 500 20 I. 3 I40. 6 27. 6 I44. l 5. 43 0. 98 IO 

,...,........ 
--

o. 94 
50 0 500 IO I. 3 I04. 3 12. 8 11 l. 2 8. 36 ... 

"' 30 30 0 500 20 I. 3 153. I 48. 2 116. 4 3. 36 I. 32 ·~--'---·---0 60 0 500 20 I. 3 146. 5 ~ .. , ... _ --IO 50 0 500 20 I. 3 l41. I - -· =~m 

"'" 20 40 0 500 20 l. 3 137. 5 
~-- - f-- ·- -- ·--~"~ 30 30 0 500 20 [. 3 l 16. 4 er .,.,~"' 20 ·---,-· "' 40 20 500 [. 3 86. I ... 

50 IO 0 500 20 l.3 52. 3 
"' .. ·-25 25 10 500 20 I. 0 I 31. I 32. 7 4. 25 

·--f----.~·~ 1--~-·· " -- ---............... 20 20 20 500 20 [. 0 136. 9 28. 0 5. I 0 
-~·-··n '"~'--·w" - ··-·~~ 
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When Cl2 and SF, or C12 , SF6 and 0 2 are used for the etching 

gas in the third dry etching, conditions shown in Table 2 may 

be suitably selected and used. 

Next. without the photoresist being removed, a fourth 

dry etching is carried out. (Fig. 3D) As a result of the third 

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

third shape photoresist 307C. As the etching conditions of 

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

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

Cl,. CF, and 02 are used for the etch.ing gas. The respective 

flows of the gases Cl2 • CF, and o, are made 25sccm, 25sccm and 

lOsccm. 

In this fourth dry etching. as a result of the bias power 

being made 20W, a still greater taper angle of 70° is formed 

at the edge of the third shape gate electrode (the w fj.lm). 

And the width of the W film of the gate electrode narrows 

further to form a fourth shape gate electrode layer 3060. 

Thus, a fourth shape gate electrode having a gate electrode 

layer 3060 narrower :ln width th<1n the gate electrode layer 

3050 is formed by the fourth dry etchiug. 

And, in the fourth dry etchiug, because the w film of 

the third shape gate electrode is etched selectively, the end 

of the •raN film of the fourth shape gate electrode is exposed. 

Since 0 2 w11s added to the etching gas of the fourth dry etching, 

th•l etch.ing rilte of the TaN film provided "s the lower .layer 
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of the gate electrode is, from Table 1, 20.67nm/min. and is 

slow compared to the W film etching rate of 124.62nm/min. so 
that the •raN film undergoes very little etching. 

Consequently, after the fourth dry etching, the 'l'aN film 
constituting the lower layer of the fourth shape gate electrode 
has the same width as in the third shape gate electrode, and 
a fourth shape gate electrode layer 3050 having a tapering 
sl1ape at its edge is formed. 

In the fourth dry etching, a gas selected from among 
chlorine gases such as c12 , scr,3 • SiCl, and cc1., fluorine gases 

such as CF,, SF6 and NF3 , and 0 2 , or a mixed gas having these 
as main constituents may alternatively be used. 

In the fourth dry etching, the part of the third shape 
gate insulating film 304C which does not overlap with the third 
shape gate electrode layer 305C is slightly etched and a fourth 

shape gate insulating f1lm 304D ts formed. 

In the th1rd and fourth dry etchings the part of the 
gate insulating f1lm which does not overlap with the fourth 
shape gate electrode layer 305D is etched by 57 to 73nm, and 
the gate insulating film is etched by a maxi.mum of 8Bnm by 
the first through fourth dry et:chtngs. 

However. in the second. third and fourth etchings, and 
particularly in the th1rd etching, when SF 6 1.s used in the 
etching gas. the gate 1nsulating film is only etched by a maximum 
of 20om. 
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As a result of the first. second. third and fourth dry 

etchings. a gate electrode and a gate insulating film are formed 

which have the following characteristics. The gate electrode 

layer 305D has a longer shape in the channel length direction. 

that is. a greater width, than the gate electrode laye:r: 306D. 

'!'he fou:r:th shape gate insulating film 3040 is made up of a 

first: gate insulating film region 309, having a first th1ckness, 

overlapp1ng with the gate electrode (the TaN film): a second 

gate insulating film region 310, having a second thickness, 

outside the gate electrode: a third gate insulating film region 

311. changing in thickness from the f.i.rst thickness to the 

second thickness between the first gate insulating film region 

and the second gate insulating film region; and. for convenj.ence, 

a fourth gate insulating film region 312, denoting the part 

of fir·st gate insulating film region 309 which overlaps with 

the fourth shape gate electrode layer 3060. The first gate 

insulating film region, which includes the fourth gate insulating 

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

In the fi:r:st, second, third and fourth dry etchings, 

the first and second dry etchings can be carried out consecuti.vely 

by changing condi t i.ons in the same chamber, and the third and 

fourth dry etchings can also be carried out consecutively by 

changing conditions in the 1Hl!lle chamber. 

When tho fourth dry etching is finished, tho mask 3070, 
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having changed to a fourth shape in the fourth dry etching, 

is removed. Here, the mask 3070 can be removed with an 0 2 gas 

plasma using an RIE dry etching apparatus. 

Then, using the fourth shape gate electrode as a mask, 

a second doping is carried out to form in the semi.conductor 

layer 303 self-aligningly an n-channel semiconductor layer 

to constitute an LDD region. (Fig. 3E) Hero also, for 

convenience, regions in the semiconductor layer 303 will be 

named, in correspondence with the first through fourth gate 

insulating film regions named above. 

That is, the semiconductor layer region overlapping with 

the first gate insulating fj,lm region wl.l.l be called the first 

semtconductor layer region 313: the semiconductor layer region 

overlapping with the third gate insulating film region will 

be ca1l.ed the third semiconducto.r l.ayer region 314; and the 

semiconductor layer region overlapping with the fourth gate 

insulating film region will be cal.l.od the fourth semiconductor 

l.ayer reg:ton 315. Here tho fourth semiconductor layer region 

315 constl.tutes a channel. reg:l.on, th:i:·ough w11:tch a current flows 

when the semiconductor device is ON. 

However, because the rog:ton overl.apping with the second 

gate insulating film reg:l.on 310 is the source region or the 

dra:l.n region 308, this region will be called the second 

semiconductor layer reg:Lon 308. 

At this time. it is 1.mportant that an :impurl.ty is doped 
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into the first semiconductor layer region 313 th.rough the gate 

electrode layer 3050 and the first gate insulating film region 

309. 

Using phosphorus as the dopant, and with doping conditions 

of dose: 3.5xl0 12 atoms/cm2
, accelerating voltage: 90kV, an 

n-channel LDD region having a lower impurity concentration 

than the source region or the drain region 308 formed in the 

first doping is formed in the first semiconductor layer region 

313 and the third semiconductor layer region 314. 

And in the LDD region, the first semiconductor layer 

region 313, because it overlaps with the gate electrode layer 

3050 across the first gate insulating film region 309, becomes 

an L0 v region. 

In the second doping the semiconductor layer regions 

313 through 315 and 308 become semiconductor layer regions 

each having a different impurity concentration, and there is 

the characteristic tllat the value of the impurity concentration 

in the source region and the drain reg.ion 308 is the highest, 

the value in the channel reg1on 315 is the lowest. and the 

value in the Lov reg.ton 313 .ts lower than the value in the Lo,. 

region 314. 

The .tmpurity concentrat.1.on in the Lov region is lower 

tha.n in the r. 0 ,, region because the films positioned above the 

L"'' region 314 and the L0 v :z:·egion 313 and their f.1.lm thj.cknesses 

are d.1.fferent. When an irnpurity is doped into semiconducto:c 
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layer regions through films formed on the semiconductor layer 

regions, if the thicknesses and/or the materials of the films 

differ, the amounts of impurity reaching the semiconductor 

layer regions differ and the impurity concentrations of the 

semiconductor layer regions will be different. 

Above the Lott region 314 there is formed the third gate 

insulating film region 311, which changes in thickness £rom 

the above-mentioned first thickness to the above-mentioned 

second thickness. 

Above the L 0 v region 313, on the other hand, there is 

formed the first gate insulating film region 309, which has 

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

insulating film region 309 there is formed the fourth shape 

gate electrode layer 305D. 

Consequently, when doping of an impur.i ty element .is carr.ied 

out, the umount of the impur.ity reaching the semiconductor 

layer is lower in the r•ov reg.ion than .in the L 0 ,, region, and 

the rcsul.ting impurity concentration of the Lav region .is lower 

than that of the Lott reg.ion. 

In the practic.ing mode described above, the gate electrode 

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

with it being a characterizing feature of the pract1cing mode 

that a 26° t:o 70° tapering shape is formed on the edge of tho 

gate electrode (W f:Llm) and th•~ W film of the gate electrode 

is etched selectively with respect to the 'l'aN f.ilm of the gate 
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electrode. And by doping B.n iSlB.nd-sha.ped semiconductor lB.yer 

with an impurity using the ga.te electrode a.s a mask, it is 

possible to form a source region, a drain region. an L0 v region 

a.nd an L0 ,, region in the semiconductor la.yer self-aligningly, 

and thereby f.orm an n-channel semiconductor device ha.ving a 

GOLD structure. 

In this pra.cticing mode the gate electrode was used a.s 

a mask to form an LDD region having arid Lo<£ region and an Lov 

region self-a.ligningly. but when a semiconductor device is 

actua.lly being made, the lengths of these regions in the cha.noel 

length direction (hereinafter simply c&lled the LDD length, 

the Lo,. length and the L 0 v length) influence the char&cteristics 

of the semiconductor dev:lce. And the opt1mum v&lues of the 

LDD .length, the Lotr length and tile Lov lengtll differ according 

to the purpose for which the semiconductor dev1ce is to be 

used. Therefore. there 1s a need for the ability to contro.l 

the va.lues of the LDD length, the L 0 ,. length and the L0 v length 

in each manufactur1ng process. 

The mechanism by which the LOO reg1on. the Lor< region 

and the L0 v region are £orined will now be explained again using 

f'.igs. 3A through 3E. 

Prom F'ig. 3B, the LDD .length .is the length of the cha.noel. 

length direction component of the portion positioned outside 

the resist of the tapering part of the second slla.pe gate el.ectrode 

.layers 30513 and 30613 formed by the second dry etching; the 
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L0 ,, length is the length through which the gate electrode layer 

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

dry etching: and the Lov length is the length through which 

the gate electrode layer 306B alone is etched selectively in 

the channel length direction in the fourth dry etching. 

In other words, the LDD length can be controlled by 

controlling the taper angle of the gate ·electrode obtained 

through the first and second dry etchings: the Lo., length can 

be controlled by controlling the runount by which the lower 

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

time. in the third dry etching, and the Lov length can be controlled 

by controll.ing the amount by which the upper gate electrode 

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

fourth dry etching. 

ln this connection. with the taper angle of the gate 

e.l.cctrode obtained through the first and second dry etchings 

made 26°, the Lo,. length and the Lov length were measured for 

dj,fferent etching times in the third and fourth dry etchings. 

The results are shown in Table 3. 

'.~able_~ (etching period and Lo ff length and Lov length) 
r"~~-~ -·· -

sample name A B c 

-third otching period J!oc) 40 50 60 
I·-

fourth et?hing period [sec) 40 30 20 
Lo ff length [nm) 180 320 480 
l_ov lon!i<th [nm) 780 620 420 - ---LDO len!!,tl>[nm) 960 940 900 
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The total thickness of the gate electrode layer consisting 

of the fi:cst conducting film and the gate electrode layer 

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

the LDD region length is 820nm; however, in practice this will 

become about lOOnm longer as a result of etching of the resist 

mask in the channel length direction in the third and fourth 

dry etchings. 

When the third and fourth etching times were made 80sec 

in total and an evaluation of the Lo« length and the L0 v length 

under three different combinations of the respective etching 

times was carried out, it was confirmed that when the third 

etching time is increased and the fourth etching time is reduced 

the r,ott length becomes longer and the L0 v length becomes shorter. 

It was found that with the LDD length made a maximum the Lau 

length and the Lo. length can be freely controlled by means 

of the third and fourth dry etchings. 

First Pr£ferred __ Embodiment 

In this preferred embodiment a process for using the 

technology of the invention to make TFTs having n-channel and 

p-channel semiconductor layers using f.i.ve masks and to 

manufacture a reflecting-type liquid crystal d.i.splay will be 
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described in detail. 

(Figs. SA through 5C) In this preferred embodiment, a 

Corning Corp. #1737 glass substrate 501 of barium borosilicate 

glass or alumina-borosilicate glass was used. Alternatively, 

a quartz substrate. a silicon wafer or a heat-resistant plastic 

substrate may be used. 

A base film 502 is formed on the side of the substrate 

501 on whioh the TFT ts to be made ... This base film 502 is 

for preventing the diffusion of impurities from the substrate 

501 and may be any 1nsulating film having silicon as a main 

constj.tuent. such as a silicon oxide film, a si11con nitride 

film or a silicon oxide ni tr1de film. By plasma CVD or sputtering 

one or more of these 1nsulating f1lms may be selected and formed 

in layers as necessary. In this preferred embod1ment, the 

base film was given a two-layer structure. 

As a first layer insulating film 502a, a silicon ox1de 

nitride f1lm is formed to a thickness of 10 to 200nm (preferably 

50 to lOOnm) wtth SiH., Nl!3 and N20 as the react.ion gas. In 

th1s preferred cmbod1ment the first layer of the base film 

was made a silicon ox1de nitride f11m 502a (compos1tion S.1.~32%, 

0=27%. N~24%, H=l7%) and formed to a thj.ckness of 50nm. 

Next, a second layer of base film 502b is fo~'ll\ed. A 

silicon oxide nitride film 502b is formed by plasma CVD ·to 

a thickness of 50 to 200nm (preferably 100 to lSOnm) with SHI, 

and N20 as the reaction gas. In this p:<:eferred embod:iment, 
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a silicon oxide nitride film 502b of thickness lOOnm (composition 

Si~32t, o~59t, N~7%, H~2t) was formed. 

Then, semiconductor layers 503 through 507 are formed 

on the base film 502. For the semiconductor layers 503 through 

507, noncrystalline films are formed by ordinary means such 

as plasma CVD or sputtering and then crystallized using a known 

crystallization method such as laser crystallization or thermal 

crystallization and patterned to form island-shaped 

semiconductor layers. The semiconductor layers are formed 

to a th:l.ckness of 25 to 80nm (preferably 30 to 60nm). At this 

t:l.me silicon or a silicon-germanium alloy is preferably used 

as the semiconductor material. 

In this preferred embodiment, a noncrystalline silicon 

film was formed to 55nmbyplasmaCVD and then a solution containing 

nickel was held over the noncrystalline silicon film. This 

noncrystalline silicon film was dehydrogenated by being 

heat-treated for 1 hour in an oven heated to 500°. after which 

the temperature of the oven was raised and crystallization 

carr:led out for 4 hours at 550°. To further promote 

crystallizatj.on a linear annealing process was carried out. 

and a crystalline silicon film was obtained. 

In the forming of the noncrystalline silicon film, to 

prevent contamination by impurit.ies at the interfaces between 

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

semiconductor layers 503 through 507, preferably the films 
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are formed consecutivel.y in the same chamber as the S02b or 

in a di ff eren t chamb.:.r by way of an evacuated preparation chamber, 

without the substrate being .:.xposed to the atmosphere. 

The necessary parts of this crystal.l.ine silicon fil.m 

were masked by photol.ithography and the isl.and-shaped 

semiconductor l.ayers 503 through 507 were forme.d by dry etching. 

For the dry etching, by CF• or another fluorine gas and 02 

being used for the process gas, the crystalline s.1.1.icon fil.m 

is etched together with the photoresist so that tho edges of 

the semiconductor l.ayers assume a tapering shape and the coverage 

in the formation of gate insulating fil.ms and :l.nsul.ating films 

between layers thereafter is good. In this p.referred embodiment. 

the c.rystalline silicon f.i.lm was etched using an RIE apparatus 

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

SOOW, and o2~45$CCm. Cf14~50sccm as tho process gas, and 

semiconductor layers 503 through 507 made from the crystalJ.ine 

silicon film having a tapering shape with a taper angle of 

22 to 38° at their edges were formed. 

For threshold value control of the TF'l's, in the 

semj.conductor layers 503 through 507. a small quantity of an 

impurity element (a group Ll atom such as boron or a group 

15 a tom such as phosphorus) may be added to the channel regions. 

In th:Ls preferred embodiment, boron was doped into the 

semiconductor layers 503 through 507 over their entire faces 

to a dose of sx10" atoms/cm2 and with an accelerating voltage 
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of 30kV. 

A gate insulating film 508 is formed on the substrate 

so as to cover the semiconductor layers 503 through 507. The 

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

150nm using an ordinary method such as plasma CVD or sputtering. 

As the material of the gate insulating film, an oxide or a 

nitride consisting mainly of silicon. or an oxide of a metal 

such as tantalum or aluminum is used. In this preferred 

embodiment, a silicon nitride film (composition Si,..32%, o~sn·, 

Nm7%, H"'2%) 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. alternatively it 

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

insulating films consisting mainly of silicon or oxide films 

of metals such as tantalum and aluminum. 

And when a silicon oxide film ls used. it can be f(lrmed 

by plasma CVD by mixing TEOS (Tetraethyl Orthosilicate) and 

02 and effecting electrical discharge at a reaction 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 <l s.U.icon oxide 

film made in this way by thermally annealtng it thereafter 

at 400 to soo•c. 

Next. a first conducting film 509 and a second conducting 

film 510 are formed on the gate insulat.ing film 508. For each 
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of the conducting films a material having low reststivity and 

having heat-resistance is desirable, and they are formed from 

an element selected from tungsten, tantalum. titanium, 

molybdenum, silver, and copper and so on, a nitride containing 

one of these elements, or an alloy combining two or more of 

these elements. 

The first conducttng film 509 and the second conducting 

film 510, after subsequent steps, function as gate electrodes 

and gate interconnections. It is a characterizing feature 

of this tnvention that the gate electrode has two layers. and 

here the gate electrode has a lower gate electrode layer 

consisting of the f.i.rst conducting film 509 and having a thickness 

of 20 to lOOnm and an upper gate electrode layer cons:l.st.ing 

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 film 509, and formed to a thtckness of 30nm by 

.sputtering. 'fhe second conducting film 510 is preferably formed 

with the same apparatus as the apparatus used for forming the 

first conducting fj.J.m 509 and is preferably formed consecutively 

in an apparatus having a plurality of targets in a single 

film-forming chamber or an apparatus having a plural:lty of 

f1lm-forming chambers. This is so as to form the films 

consecutively in the same apparatus witl10ut exposing the 

substrate to the atmosphere and thereby prevent the occurrence 
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of contamination 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 also by sputtering. 

A tungsten film can also be formed by plasma CVD. However, 

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

W film should be kept below 20µQcm. In this preferred embodiment. 

by using a 99.9999% or 99.99% pure tungsten target and also 

paying ample attention to ensuring that there is no mixing 

of impurities from the gas phase d\t.r.ing film-forming. it was 

possible to realize a resistivity of 9 to 20µQcm. 

Next. using a photoresist mask made by photoli thography, 

· the first conducting film 509 and the second conducting film 

510 are dry etched to form gate electrodes and gate 

interconnections. Resist masks 511 through 517 are formed 

on the second conducting film 510. 

In th.is preferred embodiment, a dry etching apparatus 

having an ICP (Inductively Coupled Plasma) plasma source was 

used for the dry atching of the gate alectrodes. This will 

be axplained here with reference to Figs. 3A through 3E, Figs. 

5A through 5C and Figs. 6A through 6C. In Figs. 3A through 

3E, a gate alectrode layer 305, a gate electrode layer 306, 

a gate insulating film 304 and a photoresist 307 after different 

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

step the second conducting film 306A is selecttvely etch(~d 
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and a gate electrode layer 305A and a gate interconnection 

layer, and a gate electrode 11;1.yer 306A and a gate interconnection 

layer, having first shapes. are formed. In Figs. 3A through 

3E only the gate electrode is shown. and the gate interconnection 

is not shown. 

In this pref erred embodiment , as the dry etching cond1 tions , 

the ICP power was made 500W, the bias power was made 150W, 

the etching chamber pressure was made"l.OPa, and Cl2 , CF, and 

0 2 were used for the process gas. The flows of the gases C12 , 

CF4 and 0 2 respectively were 25sccm, 25sccm and lOsccm. 

Here. the tungsten. which is the second conducting film. 

was selectively etched, and a tapering shape having a taper 

angle of 23° was formed at its edge. Tho w film of the gate 

electrode is selectively etched because as a result of the 

process gas containing 0 2 the etching rate of the tungsten 

rises and the etching rate of the TaN film falls, and as a 

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

having a small taper angle is formed. 

In the first dry etching, another g<1s selected from among 

chlorine gases such as cl,. Ber,,. SiC14 and cc1,, fluorine gases 

such as CP4 • SP6 and NF3 • and 0 2 • or a mixed gas having these 

as main const:Ltuents may alternatively be used. 

Because th(> gat(1 electrode layer 305A is only etched 

about 13 to l4nm by the over-etching of the gate electrode 

layer 306A and remaj.ns present over the entire face of the 
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substrute, the gate insuluting film positioned underneath the 

gute electrode layer 305A is not etched and has the shape shown 

with the reference numeral 304A. 

A second dry etching is then carried out. ~'he photoresist 

mask has now assumed a first shape 307A as a result of the 

first dry etching. This photoresist 307A is not removed and 

is used as it is. In the etching the condi t_tons are changed 

but the process is carried out in the·same apparatus and the 

same chamber. 

As a result of the chunges to the process gas and tho 

proce·ss conditions in the etching the TaN film gate electrode 

.layer and the W film gate electrode layer ure etched 

simultuneously, and a gate electrode layer 3058 and a gate 

electrode layer 3068 having a second shape are formed. In 

this preferred embodiment, the ICP power was made SOOW, the 

bias power was made 2ow, the etching chamber pressure was made 

1. OP a, and Cl2 and CF• were used for the process gas. The flows 

of the gases C1 2 and CF 4 were each 30sccm. 

As a result of the bias power being made smaller than 

in the first dry etching, the taper angle of the edge of the 

gate electrode becomes larger and tho width of the gate electrode 

narrows. And because the process gas does not contain 02 the 

tungsten and the 'l'aN film are etched at the same time, and 

a gate electrode layer 3058 and a gate electrode layer 3068 

having a second shape are forrned. In the second dry etchlng 
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the gate insulating film 304A is etched about 13.8 to 25.8nm 

and becomes a second shape gate insulating film 304B. 

In the second dry etching, another gas selected from 

among chlor.tne gases such as Cl2 • BCL 3 • Sie14 and eel., fluorine 

gases such as CF,, SF6 and NF3 , and 0 2 • or a mixed gas having 

these as main constituents may alternat.ively be used. 

The part of the sem:lconductor layer overlapping with 

the tapering part of the second shape gate electrode across 

the gate insulating film becomes an LDD reg.ton when a subsequent 

third doping is carried out. In this preferred embodiment. 

because the gate insulating film thickness is 400nm and the 

taper angle is about 26°, the length of the LOO region is about 

820nm plus the approximately lOOnm by which the res1st mask 

is etched in the channel direction. 

As a result of the second dry etching 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-channel semiconductor layer. An impurity element (a group 

15 element such as phosphorus or arsenic) imparting then type 

is doped 1nto a source region and a drain region w.t th the second 

shape gate electrode as a mask. 

In this pre.f:e.rred embodiment. phosphorus was doped at 

a dose of l.5xl015 atoms/cm' with an accelerating voltage of 

80kV, whereby source or drain regions 308 of impurity 

concentration lxl020 to lx10 21 atoms/cm' weni formed. (Fig. 
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3B) 

Fig. 3B corresponds to Fig. 5B: the second shape gate 

electrode layer 3058 corresponds to 518 through 524; and the 

gate electrode layer 3068 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 etching step is carried out. In the third dry etching 

step tho second shape gate electrode layer 305B and gate electrode 

layer 306B are both etched, and also tile taper.1ng part whose 

taper angle was 26° in the second shape assumes a larger angle, 

and a gate electrode layer 305C and a gate electrode layer 

306C of a third shape are formed. 

A semiconductor layer region 314 which does not overlap 

with the third shape gate electrode layer 305C but overlaps 

with the second shape gate electrode layer 3058 becomes an 

Loff region as a result of the subsequent th:trd doping step. 

The amount by which the gate electrode layer 305C :ts etched 

in the channel length direction and the length of the Lon region 

are controlled by way of the third dry etching time. 

As tho etching apparatus, an ICP dry etching apparatus 

was again used. As the etching condi t.ions. tho ICP power was 

made 500W, the bias power was made 20W, and the etching chamber 
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pressure was made 1. OP a. C12 and CF, were used for the process 

gas. The flows of the gases C12 and CF4 were each 30sccm. 

The second shape gate electrode layers 305B, 306B were etched, 

and third shape gate electrode layers 305C, 306C were formed 

as described above. At this time, the etching t1me was adjusted 

so that the amount by wh1ch the gate electrode layer 305C was 

etched in the channel lengthd1rection, which essentiallybecomes 

the l,,,., length, became 480nm. 

In the third dry etching. another gas selected from among 

chlorine gases such as Cl,, BCL,, SiC14 and CCl., fluorine gases 

such as CF., SPo and Nt',, and o,. or a mixed gas having these 

as main constituents may alternatively be used. 

In the third dry etching the part of the gate insulating 

film which does not overlap with the gate electrode layer 305C 

.1.s etched to form a th1rd shape gate insulat1ng f1lm 304C. 

A fourth dry etching is then carried out. As a result 

of the third dry etching, the resist mask has a th1rd shape 

307C. This resist mask 307C is not removed and is used as 

it is. The etching conditions are changed and the process 

is carried out .tn the same apparatus and the same chamber. 

In the fourth dry etching. the gate electrode layer 306C is 

selectively etched again. By conditions such that the gate 

electrode layer 305C is not etched being used, a shape wherein 

the gate electrode layer 305C ls longer than the gate electrode 

layei:: 306C ln the channel length direct1on ls obta1ned. 
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In the fourth shape gate electrode obtained as a result 

of the fourth dry etching, a semiconductor layer region 313 

which does not overlap with the W film gate electrode layer 

across the gate insul.ating fil.m but overl.aps with the TaN film 

gate electrode layer becomes an Lov region in a subsequent doping. 

The L0 v region i.s formed to a 1.ength obtai.ned by subtracti.ng 

the L0,, length determined by the thi.rd dry etching from the 

1.ength of the LDD regi.on. 

In thi.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 0 2 were used for the 

process gas. The flows of the gases Cl2 , CF, and 0 2 were 25sccm, 

25sccm and lOsccm respectively. The thi.rd shape W fi.lm gate 

el.ectrode 1.a.yer was selecti. V(~ly etched, and by the taper angle 

of the edge thereof bei.ng further i.ncreased a gate electrode 

lay()r 306D having a fourth shape, narrower in width than the 

third shape gate electrode layer 306C, was fanned. 

The TaN film gate electrode layer is only etched about 

7nm, 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 3050 becomes longer 

by 420nm on either side of the gate electrode than the gate 

electrode layer 3060 (840nm over the gate wi.dth as a whol.e), 

and in this preferred embodiment a Lov region 313 of length 
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420nm was obtained. 

In the fourth dry etching, another gas selected from 

among chlorine gases such as Cl2 • DCL,. Si Cl• and cc1 •• fluorine 

gases such as CF4 • SF• and NF,, and 0 2 , or a mixed gas having 

these as main constituents may alternatively b,e used. 

Fig. JD corresponds to Fig. 5C: the fourth shape gate 

electrode layer 305D corresponds to 538 through 544: and the 

gate electrode layer 3060 corresponds to 545 through 551. 

However, 541, 544, 548 and 551 are not gate electrode layers. 

After the fourth dry etchlng ls flnlshed, the photoreslst 

mask 3070 ls removed. The mask may be removed by 0 2 ashlng, 

H20 ashing, ashing with a gas mixture of 0 2 and H20, ashing 

with one of these gases with nitrogen or a fluorlne gas such 

as CF, added, or by some other known method such as removal 

with a chemical. In this preferred embodiment, the mask 3070 

was removed by 02 a"h1ng using an RIE dry etching apparatus. 

Next, a thj.rd doping is carried out to form an LDD region. 

(Fig. 3E) Using the fourth shape gate electrode layer 3060 

an n-type regj.on having a lower impur1ty density than the source 

and drain regions is formed .in the first semiconductor layer 

region 313 and the third semiconductor layer region 314 . Because 

in the semiconductor layer region 313 the impurity i" doped 

into the Lov region through the gate electrode layer 3050 and 

the gate insulat1ng film 309, the doping is carried out at 

a low density and a h1gh accelerating voltage. 
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In this preferred embodiment, an Lott region 314 and an 

Lov region 313 were formed with a dose of 3. 5xl012 atoms/cm2 

and an accelerating voltage of 90kV. 

Although in this preferred embodiment the resist mask 

307D was removed after the fourth gate electrode etching, it 

may alternatively be removed after the third doping. 

Fig. 3E corresponds to Fig. 6A: the L 0 ., region 314 

corresponds to 557 through 561; and the L 0 v region 313 corresponds 

to 562 through 566. However, 556. 561 and 566 do not function 

as Lov or Loi:f regions. 

Than, a photorasist mask 567 is newly formed and a p-type 

semiconductor layer is formed by a fourth doping step. (Fig. 

6B) By doping with an impurity imparting the p type, p-type 

semiconductor layer regions 570 through 575 are formed. 

At this time, an impurity i.mparting the n type has been 

added to the semiconductor layer regions 570 through 575, but 

by doping the impurity imparting the p type to a concentration 

of 2xlo20 to 2xlo21 atoms/cm' a p-type semiconductor layer function 

can be obtained w.1.thout problems. 

In thi.s preferred embodiment, boron was used with a dose 

of 3xl0 15 atoms/cm' and an accelerating voltage of 20 to 30kV, 

whereby p-type semi.conductor layer regions 570 through 575 

were formed. 

After the photoresist mask 567 .is removed, a fj .. r.st 

inter-layer .insulating f:Llm 576 is formed over the entire face 
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of the substrate. In tl1is step a 150nm film of silicon oxide 

nitride was fo~med by plasma CVD, but of course some other 

method such as sputtering may alternatively be used, and the 

film is not limited to silicon oxide nitride and may be some 

other insulating film consisting mainly of silicon. And in 

an insulating film consisting mainly of silicon it may be 

single-layer or a layered film of two or more types. 

Next, a step of activating the impurity eJ.ement added 

to the semiconductor layer is carried out. 'rhj.s activation 

step is carried out by thermal annealing using a furnace annealing 

oven. The annealing may be carried out in a nitrogen atmosphere 

with an oxygen concentration of lppm or below and preferably 

o. lppm or below at 400 to 100°c and typi.cally soo to sso•c. 
and in this preferred embodiment the activation was carried 

out with a heat-treatment of 550°C, 4 hours. Besides thermal 

annealing, laser annealing or rapid thermal anneal.1.ng (RTA) 

can alternatively be applied, 

This activat.1.on step may be carried out before the first 

inter-layer insulating film 576 is formed (Fig. 6C); however. 

here, because heat is applied in the act.1.vation step. when 

tho material used for the gate electrode and so on .1.s vulnerable 

to heat, preferably a sil.1.con oxide film. a silicon nitr:ide 

film or a silicon ox.1.de nitride film is formed as a protective 

film. or as in th.1.s preferred embodiment the first j_nter-layer 

f.1.lm is made to function as a protec:l'tive f.1.lm. 

55 



After that. a heat-treatment of 1 to 12 hours at 300 

to 550°C in a 3 to 100% hydrogen atmosphere is carried out. 

and a step of hydrogenating the semiconductor layer is performed. 

In this preferred embodiment. a hydrogenation of 1 hour 

1n a 100% H2 • 350"C atmosphere was carried out. This 

hydrogenation may alternat1vely be conducted in a hydrogen 

plasma atmosphere. 

Next. a second 1ntar-layer insulating f1lm 578 cons1sting 

of an organic resin film such as acrylic or polyrunide wh1ch 

can be formed by spin coating is formed on the first inter-layer 

insulating film 576 (Fig. 7). The second inter-layer insulating 

film is formed by spin coating with the object also of flattening 

the substrate on which the semiconductor device is for.med. 

In this preferred embodiment. acrylic was formed to a 

film thickness of 1600nm. 

After that. the gate insulating film 537. the first 

inter-layer insulatj.ng film 576 and the second inter-layer 

insulating film 578 positioned on the source and drain regions 

and the gate :tntarconnection are etched to form contact holes 

for connecting with inter.mediate interconnections 579 through 

588. As the etching method of the insulating films at this 

t1me. etch1ng matched to the different films should be carried 

out so that to make the coverage in tha form,ing of the 1ntermediate 

j_nterconnections good a tapering shape of taper angle 45 to 

80° .i.s obtained. and for example etching of the organic resin 

56 



film such as acrylic or polyam.ide and the silicon oxide nitride 

film used for the first inter-layer insulating film 576 is 

possible with a gas mixture of CF, and 0 2 • !lowever, to etch 

the gate insulating film formed on the semiconductor layer 

it is necessary to use conditions which provide a high selectivity 

with respect to the semiconductor layer. Gases suitable for 

selectively etching the silicon oxide nitride of the gate 

insulating film with respect to the semiponductor layer s1.licon 

include CHF, and C4F8 and the 11ke, CUF, and C4F8 can also be 

called fluorine gases: however, they are gases having a high 

sel~ctivity w-1.th respect to s-1.licon, and because their use 

is different from the other fluorine gases referred to 1n th1s 

specification document they are taken in this document not 

to be 1ncluded among fluor1ne gases. 

In this preferred embodiment, with an RIE apparatus and 

us.1.ng CF., He and 02 gas, a chamber pressure of 66.7Pa, an RF 

power of soow and CF., He and 0 2 gas flows of 5sccm, 40sccm 

and 95sccm respect1.vely, the second inter-layer insulat1ng 

film 578 was etched; with the same RIE apparatus and using 

CF,, He and 0 2 gas, a chamber pressure of 40,0Pa, an RF power 

of 300W and CF", He and 0 2 gas flows of 50sccm, 35sccm and 50sccm 

respectively, the silicon oxide nitride of the first inter-1.ayer 

insulating fJ . .l.m 576 was etched; and with the same R!E apparatus 

and using CHF3 , a chamber pressure of 7.3Pa, an RF power of 

BOOW and a CHFJ gas flow of 35sccm, the siLlcon oxide nitride 
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of the gate insulating film was etched selectively with respect 

to the semiconductor layer. 

Then, intermediate interconnections 579 through 588 are 

formed. For the intermediate interconnections, so that they 

function as pixel electrodes and reflecting electrodes, 

preferably a metal material having a high reflectivity is used, 

and in this pref erred embodiment Ti and an alloy of Al and 

Ti were formed in layers. Using spu~tering, a Ti film was 

formed to a thickness of sonm, and then an alloy film of Al 

and 'l'i was formed to a thickness of 500nm immediately thereafter. 

After a mask is formed with photoresist, the intermediate 

interconnections are dry etched using chlorine or a gas 

containing chlorine. In this preferred embodiment, the 

intermediate interconnections 579 through 588 were formed by 

carrying out dry etching using a gas made by mixing chlorine 

and boron trichloride in the same proportions. 

In the way described above, it is possible to form on 

the same substrate a driving circuit 606 having an n-channel 

TFT 601, a p-channel TFT 602 and an n-channel TF"r 603, and 

a pixel part 607 having a pixel '1'1"'.l' 604 and a holding capacitance 

605. In this specificati.on this substrate will for conveni.ence 

be called an active matrix substrate. 

Next, with reference to Fig. 8, a method for manufacturing 

a refl(~Ctive active matrix type liquid crystal display using 

the active matrix substrate shown in Fig, 7 will 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 freely. A spacer may al ternat:lvely be provided 

by scattering particles of a few µm in size. 

Next, an orienting film 590 made of polyamide rosin or 

the like for or:i.enting liquid crystal in the pixel part of 

the active matrix substrate is provided. After the orienting 

film was formed, a rubbing treatment w~s carried out to orient 

the liqu:ld crystal molecules with a fixed prechilt angle. 

Then, a facing substrate 591 is prepared. On the facing 

substrate are formed a light-blocking film 592, a transparent 

electrode 593 and an or:i.enting film 594. The light-blocking 

film 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 film 

594. Then. the active matrix substrate on which the pixel 

part and the driving circuit are formed and the facing substrate 

are fixed together face-to-face with a sealant 595. 

After that. a i1quid crysi:al material 596 1s poured between 

the two substrates. For the liquid crystal. mater1al., an ordinary 

l.:Lquid crystal material may be used. For example besides TN 

l.:lquid crystal a thresholdless anti-dielectric mixed liquid 

crystal showing an electro-optical responsiveness such that 

1ts transmittivity changes continuously with tile magnetic t1el.d 

can be used. Such thresholdl.ess ant1-dicl.ectric mixed liquid 
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crystals also include those showing V~type electro-optical 

responsiveness. After the liquid crystal material 596 is poured, 

the device .i.s sealed completely with a sealing agent. 

In this way tho reflective active matrix liquid crystal 

display shown in Fig. 8 is completed. 

Second Preferred Embodiment 

In this preferred embodiment. a met!'iod is explained wherein 

SF6 is used in the etching gas when forming the gate electrode 

by dry etching in the first preferred embodiment, to obtain 

a h.i.gher se.lectivity with respect to the gate insulating film. 

In this preferred embodiment the steps up to the forming 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 film 305 and a second conduct.i.ng film 

306 formed in accordance w.1th the f.irst preferred embod.1ment 

are dry etcnea us1ng a resist mask 307 made by photol1tnography. 

As in the f1rst preferred embodiment, a TaN f.i.lm was used 

for the first conduct.i.ng f.i.lm and a W f .i.lm was used for the 

second conduct.i.ng f.i.lm. 

In this preferred embodiment, a dry etch:lng apparatus 

having an ICP (Induct1vely Coupled Plasma) plasma source was 

used for the dry etch1ng of tho gate electrode. 
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The ICP power in the first dry etching was made 500W, 

the bias power was made 150W, the etching chamber pressure 

was made l.OPa, and Cl,, CF 4 and o, were used for the process 

gas. 'l'he flows of the gases Cl,, CF, and 02 were made 25sccm, 

25sccm and lOsccm respectively. 

The tungsten of the second conducting film was selectively 

etched, and a tapering shape having a taper angle of 23°was 

formed at its edge. The w film of .the gate electrode 1s 

selectively etched because as a result of the process gas 

containing 0 2 the etching rate of the tungsten rises and the 

etching rate of the TaN film falls. And as a result of the 

bias power being set to 150W, a gate electrode having a small 

taper angle is formed. 

Because the gate electrode layer 305A is only etched 

about 13 to 14nm by the over-etchlng of thew film gate electrode 

layer and remains present over the entire face of the substrate, 

the gate 1nsulating f ;Um positioned underneath the gate electrode 

layer 305A is not etched and has the shape shown with the reference 

numeral :~04A. 

In the first dry etching Cl2 , SF6 and 0 2 may alternatJ.vely 

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 result of tile 

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 result of the changes to the process gas and the 

process conditions in the dry etching, the •raN film gate electrode 

layer and the W film gate. electrode layer are etched 

simultaneously, and a gate electrode layer 3058 and a gate 

electrode layer 3068 having a second shape are formed. In 

this preferred embodiment, the ICP po_wer was made 500W; the 

bias power was made lOW.; the etching chamber pressure was made 

1. 3Pa; and Cl2 and SF6 were used for the process gas. The flows 

of the gases Cl2 and SF6 were made lOsccm a.nd 50sccm re spec ti vely. 

As a result of the bias power be:tng made smaller than 

in the first dry etching, the taper angle of the gate electrode 

edge increases and the width of the gate narrows. The etch.1.ng 

rate of the W f.1.lm at this time is 104nm/mln and the etching 

rate of the 'l'aN film is lllnm/mln, so the two films a.re etched 

at almost the same rate. A gate electrode layer 3058 and a 

gate electrode layer 3068 ha.ving a second shape are formed. 

At this time, the TaN film that had remained after the 

first dry etching is etched for about 8 seconds. After that, 

to completely remove etching residues of the TaN film. an 

over-etching of l.5 seconds is carried out. By this over-etching, 

the gate insulating film position<ld underneath the TaN film 

is etched by about 3. 2nmand becomes a second shape gate insulating 

film 3048. 
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The part of the semiconductor layer overlapping with 

the tapering part of the second shape gate electrode across 

the gate insulating film becomes an LDD region when a subsequent 

third doping is carried out. In th.ts preferred embod.tment, 

because the gate insulating film thickness is 400nm and the 

taper angle is about 26°, the length of the LDD region is about 

820run plus the approximately loorun by which tho resist mask 

is etched .in the channel direction. 

As a result of tho second dry etching tho 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 ursenic) imparting the n typo 

1s doped .into a source reg1on and a drain reg.ion with the second 

shape gute electrode as a mask. 

In this preferred embodiment, phosphorus was doped at 

a dose of l.5x10" atoms/cm2 with an accelerating voltage of 

80kV. whereby source or drain regions 308 of impurity 

concontrution lxl020 to lx10 21 atoms/cm' were formed. in a sou.roe 

region or drain reg1on in a self-adjustment way. 

Next, without the resist mask being removed, a third 

dry etching step is carried out. In the third dry etching 

stop the second shape gate electrode layer 3058 and gate electrode 

.laye:r· 30613 are both etched, and etching is ca.rr:l.ed 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 layer 306C of a third shape are formed. 

A semiconductor layer region 314 which does not overlap 

with the third shape gate electrode layer 305C but overlaps 

with the second shape gate electrode layer 3058 becomes an 

L0 ,, regj,on as a result of the subsequent third doping step. 

The amount by which the gate electrode layer 305C is etched 

in the channel length d;trection and the. length of the Lott reg.ton 

are controlled by way of the th;trd dry etching time. 

As the etching apparatus, an ICP dry etching apparatus 

was again used. As the etching conditions, the ICP power was 

made 500W. the bias power was made 1ow. and the etching chamber 

pressure was made 1. 3Pa. Cl2 and SF. were used for the process 

gas. The flows of the gases Cl, and SF6 were made lOsccm and 

50sccm respect;tvely. The TaN film gate electrode layer and 

the W film gate electrode layer were etched, and a gate electrode 

layer 305C and a gate electrode layer 306C having third shapes 

were formed as described above. At this time, the etching 

time was made 40 seconds so that the amount by which the TaN 

film gate electrode layer was etched in the channel length 

direction, which essentially becomes the L0 ,, length. became 

480nm. 

In the third dry etching the part of the gate insulating 

film which does not overlap with tile gate electrode layer 305C 

is etched by about 5.8nm and becomes a third shape 304C. In 



the steps up to here the gate insulating film has been etched 

by about 9.0nm. 

A fourth dry etching is then carried out. As a result 

of the third dry etching, the resist mask has a third shape 

307C. This resist mask 307C is not removed and is used as 

it is. The etching conditions are changed and the process 

is carried out in the same apparatus und the same chamber. 

In the fourth dry etching. the gate e~ectrode layer 306C is 

selectively etched again. By conditions such that the TaN 

film gate electrode layer is not etched being used, a shape 

wherein the TaN film gate electrode layer is longer than the 

W film gate electrode layer in the channel length direction 

is obtained. 

In the fourth shape gate e1.ectrode obtained as a resu1.t 

of the fourth dry etching. a semiconductor 1.ayer region 313 

which does not overlap with the W film gate electrode layer 

across the gate insulating fi1.m but over1.aps with the 'l'aN film 

gate electrode 1.ayer becomes an Lov region in a subsequent third 

doping. 

The Lov region is formed to a length obtained by subtracting 

the L,,,. length determined by the third dry etching from the 

length of the LDD region. 

In this preferred embodiment, the ICP power was made 

500W, the bias power was made 20W, and the etching chamber 

pressure was made l.OPa. Cl,, SF6 and 0 2 were used for the 
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process gas. The flows of the gases Cl,, SF6 and o, were each 

20sccm. The third shape W film gate electrode layer was 

selectively etched, and by the taper angle of the edge thereof 

being further increased a gate electrode layer 3060 having 

a fourth shape, narrower in width than the third shape gate 

electrode layer J06C. was formed. 

The 'faN film gate electrode layer is only 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 electrod0 layer 3050 becomes longer 

by 420nm on either side of the gate electrode than the gate 

el0ctrod0 layer 3060 (840nm over the gate width as a whole). 

and in this preferred embodiment a Lov region 313 of .hmgth 

420nm was obtained. 

In the fourth dry etchj.ng the gate insulating film is 

otched by about O. 5nm. And the amount by which the gate 

insulating film is etched in the first. second, third and fourth 

etch:tngs :ts 9. 5nm. Whereas in the f:trst preferred embod:tment 

the amount by wh:tch the gate insulating film was etched 1.n 

the f.-1.rst. second, third and fourth etchings was a maximum 

of 88nm, in this preferred embodiment, because SF6 was used 

in the etching gas, the selectivity with respect to the gate 

1.nsulating film was higher and it was possible to reduce the 

amount of etching of the gate insulating film by about 89%. 
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After the fourth dry etchlng is finished. the photoreslst 

mask 3070 is removed. The mask may be removed by 0 2 ashing. 

H20, ashing, ashing with u gus mixture of 0 2 and H20, ashing 

wlth one of these guses with nitrogen or a fluor,ine gas such 

as CF4 added, or by some other known method such as removal 

with a chemical. 

In this preferred embodiment. the mask 3070 was removed 

by 0 2 ashing using an RIB dry etching.apparatus. 

By using the method described above it was possible to 

form a gate electrode of the same shape as in the first preferred 

embodiment and to keep the amount by which the gate insulating 

film was etched to 9.5nm. 

Although in this preferred embodiment SF• was used in 

the etching gas in each of the second. third and fourth dry 

etchings, alternatively dry etching may be carried out with 

conditions in which CF4 is used, as in the first preferred 

embodiment. For example, CF, may be used in the f:irst, second 

and fourth dry etchings and SF6 used only in the third dry 

etching. 

And although here the description has been given using 

the example of a gate electrode structure having tantalum nitride 

as a lower layer and tungsten as an upper layer, the gate structure 

is not limited to this. and layers consisting of any elements 

selected from among tungsten. tantalum. titanium, molybdenum, 

silver and copper and so on, or n:Ltrides hav1ng these elements 
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as constituents, or alloys combining elements among these, 

may be suitably selected. 

Third Prefer_E.§_<! .. 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 semiconductor layer having an 

Lov region and an L0 ,. region in accordance.with the first preferred 

embodiment, making the i.mpuri ty concentrations of the L0 ,. region 

and the I'ov region substantially 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. 

:rn the same way as in the first preferred embodiment, 

an insulating film 902, a crystalline island-shaped 

semiconductor layer 903, a gate insulating film 904. a first 

conducting film 905 and a second conducting film 906 are formed 

on a glass substrate 901, and a photoresist mask 907 is formed 

on this. 

As in the first preferred embodiment, a TaN film was 

used for the lower layer of tho gate electrode and a W film 

was used for the upper layer. And a dry etching apparatus 

having an ICP plasma source or an RIE d.ry etching apparatus 

was used for the dry etching of the gate electrode. 

In tho same way as in the first preferred embod:l.ment, 
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a first dry etch:lng :ls carried out. The etching is conducted 

with Cl2, CF, and 0 2 be:lng used for the etch:lng gas; an tCP 

power of SOOW; a b:las power of 150W; u.n etch:lng chamber pressure 

of l.OPa; and flows of the gases Cl.2, CF, and 0 2 of 25sccm, 

25sccm and lOsccm respectivel.y. 

At this time the w film gate electrode layer is etched 

selectively, and a first shape gate electrode l.ayer 906A havi.ng 

a tapering shape of taper angl.e 26° forme\]. at its edge is obtained. 

The TaN film gate electrode layer is etched by about 13 to 

14nm as a result of over-etching of the w film but remains 

present over the ent:l:ce face of the substrate, consti.tuting 

a first shape gate electrode layer 905A. 

In the first dry etch1ng, another gas sel.ected from among 

chlor1ne gases such as Cl;. 8CL,, sicl, and cc1., fluor1ne gases 

such as CF., SF6 and NF3 , and 0 2 , or a m1xed gas having these 

as main const:ltuents may al.ternativel.y be used. 

At this ti.me, because the first shape gate electrode 

layer 905A 1s present over the enttre face of the substrate, 

th.e 9a.te .illSU1a.tJ.ll9 f.il.tn 1.s not etcb.ed ieuld remai.ns a first 

shape gate el.ectrode l.ayer 904A. 

Then, in the same way as in the first preferred embodiment, 

without the restst mask betng removed, a second dry etchtng 

is carried out. Cl2 and CF, wore used for the etching gas; 

the ICP power was made SOOW; the bias power was made 20W: the 

chamber pressure was made l.OPa; and the respective fl.ows of 
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the gases Cl2 and CF, were each made 30sccm. 'rhe first shape 

gate electrode layers 905A and 906A are etched simultaneously 

to form second shape gate elect:t·ode layers 905B and 906B. 

At this time, the part of the gate insulating film 904A 

positioned outside the gute electrode layer 905B is also etched, 

and forms second shupe gute insulating film 9048. 

In the second dry etching, another gas selected from 

runong chlorine gases such as Cl2 , BCLl, .Si Cl, and eel,, fluorine 

gases such as CF,, SF• and NF3 • and 0 2 • or a m.ixed gas having 

these as main constituents may alternativel.y be used. 

Next, in the srune way as in the first preferred embodiment, 

u second doping is carried out. Here, the first doping is 

taken to be a doping carried out in the channel region for 

controlling the threshold characteristic of the TFT after the 

formation of the semiconductor layer consisting of the 

crystalline s.1 .. U.con film. 

By doping with an impur:l. ty imparting the n type. source 

and drain regions are fo~med in the semiconductor layer 908. 

In this preferred embodiment, phosphorus was chosen as the 

impurity and doped at a dose of 1.5><10" atoms/cm' with an 

accelerating voltage of 80kV. 

Next, a third dry etching is carried out. Here also 

an ICP dry etching apparatus is used, and the dry etching is 

carried out without the resist mask be.ing removed. Cl,, CF, 

and o, were used f:or the etching gas; the ICP power was made 

70 



500W; the bias power was made 20W; the chamber pressure was 

made 1.0Pa; and the respective flows of the gases C.l,. CF, and 

0 2 were made 25sccm, 25sccm and lOsccm respectively. 

By etching being carried out with the conditions used 

in the fourth dry etching of the first preferred embodiment 

the W film gate electrode layer is etched selectively and a 

th.ird shape gate electrode layer 906C having a larger taper 

angle than the first and second tape~ shapes .is formed. 

The TaN film gate electrode layer is hardly etched and 

remains present. but the TaN f.i.lm that becomes exposed as the 

W film is etched in the channel length direction is gradually 

etched from its edge and forms a third shape 905C having an 

extremely small taper angle of less than 5°. 

In the third dry etching, another gas selected from among 

chlorine gases such as Cl2 , BCL3 , SiCl, and CC.l,. fluorine gases 

such as CF,, SF6 and NF,, and o 2 , or a m.ixed gas having these 

as main constituents may alternat.ively be used. 

At this time. the part of the second shape gate insulating 

film 904B positioned outside the second shape •raN film g<lte 

electrode layer is etched and forms a third shape gate insulating 

film 904C. 

A third dop1ng 1s then carried out. Using the th1.rd 

shape gate electrode layer 906C as a mask, an impurity impart1ng 

the n 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 is smaller than the difference in the 

impurity concentrat.ion between the Lou region and the L0 v region 

wh.ich ar.ises in the first preferred embodiment. 

In this pref erred embodiment phosphorus was chosen as 

the impurity and doped to a dose of 3. 5><1012 atoms/cm2 with 

an accelerating voltage of 90kV, whereby an n-type LDD region 

909 with an impurity concentrat.ion lower than that of the source 

and drain regions 908 is formed in the semiconductor layer 

909. 

A fourth dry etch.ing is then carried out. The third 

shape gate electrode layer 905C is etched to form a fourth 

shape gate electrode layer 9050. 

'!'he edge of the th1rd shape gate electrode layer 905C 

has a tapering shape, and by dry etching being carried out 

anisotroplcally the third shape TaN fj,lm 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 electrode layer 

9050 thus formed is narrower than that of the third shape gate 

electrode layer 905C. 

As a result of the fourth dry etching. part of the LDD 

region 909, all of which had overlapped with the third shape 

gate electrode layer 905C, comes to be positioned outside the 

fourth shape gate electrode. consequently, the LDD region 

909 becomes an L 0 ,, region 910 and an Lov regj.on 911. 

However, because the TaN film gate electrode layer is 

a thin film having an extremely small taper angle. if etching 

conditions which result j_n a high etching rate arc used there 

is a possibility of the TaN film being etched away entirely. 

In this preferred embodiment the fourth dry etching was 

carried out using a parallel flat plate type RIE dry etching 

apparatus and with a chamber pressure of 6.7Pa, an RF power 

of 800W, and a 35sccm flow of CHF3 as the etching gas. Here 

it is not particularly necessary for an RIE dry etching apparatus 

to be used, and alternatively an ICP dry etching apparatus 

may be used. 

At th.is time almost all of the gate insulating fllm 904C 

which did not overlap w1 th the third shape gate electrode layer 

905C .is etched in the fourth dry etching, but even if this 

gate insulating film is etched through completely this does 

not constitute a problem in the manufacture of the semiconductor 

device. 'l'he reason for this is th<>t because CHF, is being used 
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as the etching gas the gate insulating film can be etched 

selectiveJ.y with respect to the sllicon of the semiconductor 

layer. And because also when a contact hole for connecting 

an intermediate interconnection with the semiconductor layer 

is formed. in the etching of the silicon oxide nitride film 

which is the first interlayer insulating film in the first 

preferred embodiment. conditions can be used, such as CHF,, 

such that silicon oxide nitride film.is etched selectlve1y. 

When in this kind of etching with CHF, there is insufficient 

etching of the TaN film, etching may be carried out for 5 to 

20 seconds using an etching gas of Cl 2 , CF., and 02 to pre-etch 

the TaN film before the etching with CHF, is carried out. 

After the fourth dry etching the photoresist 907 is 

removed. 

By app.lying this preferred embodiment to the first 

preferred embodiment it is possible to make a semiconductor 

device having an Lo« region and an Lov region using five masks, 

as in the first preferred embodiment. and it is poss.ible to 

make a semiconductor device wherein tho impurity concentrations 

of the Lott reg.ion and the Lov region are equal. 

Although here the description has been given using the 

example of a gate electrode structure having tantalum nitride 

as a lower layer and tungsten as an upper layer. the gate structure 

.is not lim1.ted to this, and layers consisting of any elements 

selected from among tungsten, tantalum, titanium, molybdenum, 
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silver and copper and so on. or nitrides having these elements 

as const.ituents. or alloys combining elements among these may 

be su.itably selected. 

Fourth Preferred Embodiment 

In.this preferred embodiment, with reference to F.igs. 

9A through 9E. there will be explained a method for. in the 

forming of the gate electrode by dry etch;J,ng in the third preferred 

embod.iment. using SF6 .in the etching gas to obtain a higher 

selectivity with respect to the gate insulating film. The 

steps of this preferred embodiment other than the steps for 

forming the gate electrode are exactly the same as in the third 

preferred embodiment and the first preferred embodiment and 

therefore will not be descr.ibed again here. 

In the same way as in the third preferred embotl1.ment. 

an 1.nsulat1.ng film 90<!, a ccystall.1ne i.sland-shaped 

semiconductor layer 903. a gate 1.nsulat1.ng film 904. a f1rst 

conduct1.ng film 905 and a second conduct1ng f11m 906 are formed 

on a gl.ass substrate 901, ana a photoresist mas!< 907 is formed 

on this. 

As in the third preferred embodiment. a TaN film was 

used for the lower layer of the gate electrode and an W film 

was used for the upper layer. And as in the third preferred 

embodiment a dry etching apparatus hav.ing an XCP plasma source 

or an RIE dry etching apparatus was used for the dry etch.ing 
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of the gate electrode. 

A first dry etching is carried out. The etching is 

conducted w! tll Cl2, CF 4 • and 02 being used for tile etching gas; 

an ICP power of SOOW; a bias power of 150W; an etching chamber 

pressure of 1.0Pa; and respective flows of the gases Cl2 , CF., 

and 0 2 of 25sccm, 25sccm and lOsccm. 

At this time, the W film gate electrode layer is etched 

selectively. and a first shape gate ele9trode layer 906A having 

a tapering shape of taper angle 26° formed at !ts edge is obtained. 

The TaN f !lm gate electrode layer is etched by about 13 to 

14nm as a result of over-etching of the w film but remains 

present over the entire face of the substrate, constituting 

a first shape gate electrode layer 905A. 

At this time. because the first shape gate electrode 

layer 905A is present over the entire face of the substrate, 

the gate insulating film j,s not etched and remains a first 

shape gate electrode layer 904A. 

Cl 2 , SF6 and 0 2 may alternatively 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. Cl2 and Sf\ wei'e used for the etching 

gas; the ICP power was made so ow; the bias power was made lOW; 

the etching chamber pressur<l was made 1. 3Pa; and the flows 

of tho gases Cl, and SF\ were made lOsccm and sosccm respectively. 

The first shape gate electrode layer 905A and the f:lrst shape 
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gate electrode layer 906B are etched simultaneously and form 

second shape gate electrode layers 905B and 906B. 

At this t.ime, the part of the first conducting film 90SA 

positioned outside the W film is etched for about 8 seconds. 

After that. to remove etching residues of the TaN film completely, 

an over-etching of 15 seconds is carried out. In this 

over-etching, the gate insulating film 904A underneath the 

gate electrode layer 905A is etched .bY 3.2nm and becomes a 

second shape gate insulating film 904B. 

Next, a second doping is carried out. Here, the first 

dop.ing is taken to be a doping carried out in the channel region 

for controlling the threshold characteristic of the TFT after 

the formation of the semiconductor I.ayer. 

By doping with an impurity imparting the n type, source 

and drain regions are formed in the semiconductor layer 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 t.ll.:Lrd dry otch.ing is carrJ.ed out. IIere a.lso 

an lCP dry etching apparatus is used, and the dry etching is 

carried out without the resist mask being removed. Cl,, SF6 

and 0 2 were used for the etching gas; the ICP power was made 

500W; the bias power was made lOW; the etching chrunber prc~1rnure 

was made l. 3Pa; and the respect;l.vo flows of tho gases Cl,, 

SF6 and 0 2 were each made 20sccm. 
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As a result of the bias power being made smaller than 

in the first dry etching, the W film gate electrode layer is 

etched selectively and a third shape gate electrode layer 906C 

having a larger taper angle than in the first and second shapes 

is obtained. 

'l'he TaN film gate electrode layer is hardly etched at 

all and remains present. but the TaN film that becomes exposed 

as the W film is etched in the chann.el length direction is 

gradually etched from its edge and asswnes a third shape 905C 

having an extremely small taper angle of less than S". 

At this time, the part of the second shape gate insulating 

film 9048 positioned outside the TaN film gate electrode layer 

is etched by 37. 3. and a third shape gate insulating film 904C 

is formed. As a result of the etching carri.ed out so far the 

gate insulating £.ilm has been etched by 40.Snm. 

Whereas in the th.ird preferred embodiment the gate 

insulating f.ilm was etched by about 64. 4nm in the first. second 

and third etchi.ngs. in this preferred embod.iment. by using 

SF6 • it was possible to reduce the amount by which the gate 

insulating £.ilm is etched by about 42%. 

Next. a third doping .is carried out. using the third 

shape gate electrode layer 906C as a mask. an impurity lmpart.ing 

the n type is doped through the gate electrode layer 905C into 

the part of the semiconductor layer 909 which does not overlap 

with the W film gate <~lectrode layer but does overlap with 
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the TaN film gate elect.rode layer. 

Tho edge of tho 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. In 

correspondence with that film thickness distribut.ion, a slight 

distribution also arises in the i.mpurity concentration obtained 

in the semiconductor layer as a result of the third doping; 

however, this is smaller than the difference in the impurity 

concentration between the Lott region and the Lav region which 

arises in the first preferred embodiment. 

In this preferred embodiment phosphorus was chosen as 

the impurity and doped to a dose of 3.5><10'2 atoms/cm2 with 

an accelerating voltage 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 

909. 

A fourth dry etching is then carried out. The third 

shape gate electrode layer 905C is etched to form a fourth 

shape gate eiectroae layer 9050. 

The edge of the third shape gate electrode layer 905C 

has a tapering shape. and by dry etching being carried out 

anisotrop.ically the third shape TaN film gate electrode layer 

is gradually etched from its edge toward the posit.ion where 

.it overlaps with the third shape gate electrode layer 906C, 

so that the width of the fourth shape gate electrode layer 
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905D thus formed is narrower than that of the third shape gate 

electrode layer 905C. 

As a result of the fourth dry etching. part of the LOO 

region 909, all of which had overlapped with the third shape 

gate electrode layer 905C, comes to be positioned outside the 

fourth shape gate electrode. Consequently, the LOO region 

909 becomes an Lo<< region 910 and an Lov region 911. 

However, because the gate electx;:ode layer 905C is a thin 

film (TaN film) having an extrem(~ly small taper angle, if etching 

conditions which result in a high etching rate are used there 

is a poss:lbility of the gate electrode layer 905C being etched 

away entirely. 

In this preferred embodiment the fourth dry etching was 

carried out using a parallel flat plate type RIE dry etching 

apparatus and with a chamber pressure of 6.7Pa, an RF power 

of soow, and a 35sccm flow of CHF, as the etching gas. 

At this time almost all of the gate insulating film 904C 

which did not overlap with the third shape gate electrode layer 

905C is etched in the fourth dry etching. but even if this 

gate insulating film is etched through completely this does 

not constitute a problem in the manufacture of the semiconductor 

device. 'I'he reason for this is that because CHF3 is being used 

as the C'tching gas the gate insulating film can be etched 

select! vely with respect to the semiconductor layer (silicon) . 

And because also when a contact bole for connecting an 
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intermediate interconnection with the semiconductor layer is 

formed, in the etching of the silicon oxide nitride fi.lm which 

is the first interlayer insulating film in the f.trst preferred 

embod:lment, condit:lons can be used, such as CHF3 , such that 

s:ll:lcon ox:lde nitride film is etched selectively. 

When :ln tl1is kind of etch:lng with CHF3 there is :lnsufficient 

etching of the TaN film, etching may be carried out for 5 to 

20 seconds using an etching gas of Cl,,_ CF,, and 0 2 to pre-etch 

the TaN film before the etching with CHF3 is carried out. 

And SFo can be used instead of CF,. 

After the fourth dry etching the photoresist 907 :ls 

removed. 

By using this method it was possible to form a gate electrode 

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. 

Although here the description has been given using the 

example of a gate electrode structure having tantalum nitride 

as a lower layer and tungsten as an upper layer, the gate structure 

is not lim:lted to this, and layers consisting of any elements 

selected from among tungsten, tantalum, titanium, molybdenum, 

silver and copper and so on, or nitrides having these elements 

as <:onstituents, or alloys combining elements arnong these may 

be suitably selected. 

By using the present invent:lon .it .1..s poss.ible to fabricate 
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self-aligningly a TFT having a GOLD structure and to reduce 

the number of masks and the number of manufacturing steps needed 

to make this kind of TFT. The characteristics of a semiconductor 

device having this TFT are improved: its manufacturing cost 

is reduced: the time needed to manufacture the device can be 

shortened; and yield can be improved. 

By means of this invention it is possible to manufacture 

an n-channel TFT and a p-channel TFT having a GOLD structure 

using only five masks. 

Fifth ~~eferred Embodiment 

A TFT formed by implementing Embodiment 1 or 2 mentioned 

above is utilized for various electro-optical devices (active 

matrix liquid crystal display, active matrix EI. display. active 

matrix EC display). Namely, the present invention can be 

applied to all of electronic equipments incorporating the 

electro-optical device in its display portion. 

The following can be given as examples of such electronic 

equipments: a video camera: a digital camera: a proJector; 

a head mounted display (a goggle type display) ; a car navigation 

system: a car audio system; a personal computer: a portable 

information terminal (such as a mobile computer, a mobile 

telephone. or an electronic book) . Examples of those electronic 

equipments are shown in Figs. 10, 11 and 12. 

Fig. lOA illustrates a personal computer whicll includes 
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a maj_n body 2001, an mage input porti_on 2002, a di_splay portion 

2003, a key board 2004, or the li_ke. The present i_nventj_on 

can be applied to the di_splay porti_on 2003. 

Fi_g. lOB i_llustrates a vi_deo rn:imera whi_ch i_ncludes a maj_n 

body 2101, a display portion 2102, an audio input portion 2103, 

operati_on switches 2104, a battery 2105, an mage recei_ving 

portion 2106, or the like. The present i_nvention can be applied 

to the display portion 2102. 

Fig. lOC illustrates a mobile computer which includes 

a maj_n body 2201. a camera secti_on 2202, an i_mage recei_vi_ng 

section 2203, operation switches 2204, a display portion 2205, 

or the like. The present invention can be appli_ed to the disp1-ay 

portion 2205. 

~'j,g. lOD illustrates a goggle type display whi_ch includes 

a main body 2301, a display portion 2302, and an arm secti_on 

2303. 'l'he present inventi_on can be applied to the display 

portion 2302. 

Fig. lOE i_llustrates a player using a recordi_ng medium 

which records a program (hereinafter referred to as a "'"""ording 

medium) and i_nc1-udes a mai_n body 2401, a disp1-ay portion 2402, 

a speaker section 2403 ,. a recording medium 2404, and operati_on 

switches 2405. This player uses DVD (digital versati1-e disc), 

CD, etc. for the recording medium, and can be used for music 

appreciation, film appreciation, games and Internet. The 

present invention can be applied to the display 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). 'rhe present invention can be applied 

to the display portion 2502. 

Pig. llA is a front type projector which includes a 

p.rojection device 2601 and a screen 2602. Tho present invention 

can be applied to tho liquid crystal dit;iplay device 2806 which 

comprises one portion of the projection device 2601 and other 

driving circuits. 

Fig. 118 is a rear type projector which includes a main 

body 2701, a projection device 2702, a mirror 2703, and a 

screen 2704. The present invention can be applied to the liquid 

crystal display device 2808 which comprises one portion of 

the projection device 2702 and other driving circuits. 

Fig. llC is a diagram which shows an example of the structure 

of the projection devices 2601 and 2702 of Figs. llA and 118. 

Tho projection devices 2601 and 2702 comprise: an optical light 

source system 2801; mi:i::x:ors 2802 and 2804 to 2806; a dichroic 

mirror 2803; a prism 2807; a liquid crystal display device 

2808; a phase differentiating plate 2809: and a projection 

optical system 2810. 1'he projection optical system 2810 

comprises a plurality of optical lenses having a projection 

lens. 'l'hough the present embodiment shows an example of 3-plate 

type, the present invention is not limited to this example 
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and a single plate type may be used for instance. F'urther, 

an operator may appropriately dispose an optical lens, a film 

which has a f1mction to polarize light, a film which adjusts 

a phase difference and an IR film, etc in the optical path 

shown by an arrow in Fig. llC. 

Fig. llD is a diagram showing an example of a structure 

of the optical light source system 2801 of Fig. llC. In the 

present embodiment the optical light source system 2801 

comprises: a reflector 2811: a light source 2812; lens arrays 

2813 and 2814; a polarizer conversion element 2815; and a 

condenser lens 2816. Note that the optical light source system 

shown in Fig. llD is merely an example and the structure is 

not 1.1.mited to this example. For instance, an operator may 

appropriately dispose an optical lens, a film which has a 

function to polarize light, a film which adjusts a phase 

difference and an IR film, etc. 

In the projector shown in Fig. 1.1, a case whore a transmission 

type electro-optical device is used is described and a reflection 

type electro-optical device and an EL display device are not 

described. 

Fig. 12A is a portable telephone which includes a main 

body 2901, a voice output portion 2902, a voice input portion 

2903, a display portlon 2904, operation switches 2905, and 

an antenna 2906. The present tnvention can be appl.ted to the 

display portion 2904. 
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Fig. 12B is a portable electron.ic book which includes 

a main body 3001. display 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 display which includes a main body 3101, 

a support stand 3102, and a display portion 3103, etc. The 

pre.sent invention can be applied to the display portion 3103. 

,'rhe display of the present invention is advantageous for a 

large size screen in particular, such as a display equal to 

or greater than 1 O inches (especially equal. to or greater than 

30 inches) in the opposite ang1e. 

As mentioned above, the application range of the present 

invention is extremely wide, and the invention can be applied 

to electron.ic equ.:l.pments in all fields. Furthe:r·. any 

const.i tution of the e1ectronic equipments shown in Embodiment 

1 or 2 may be employed in Embodiment 5. 

In the present invention, the light-shielding portion 

is formed from a lamination film consisting of two layers of 

the co1ored layers R + B or R + G). As a result, according 

to the present invention, a step of forming a black matrix 

can be omitted. 
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WHAT IS CLAIMED IS: 

1. A mctt1od for manufacturing a semiconductor device including a 
semiconductor layer formed over an insulating surface, an insulating film formed over the 

semiconductor layer, and a gate electrode formed over the insulating film, the met11od 

5 comprising: 

forming a semiconductor layer over an insulating surface: 

forming an insulating film over the semiconductor layer; and 

forming over the Insulating film a gate electrode comprising a first conducting layer and 
a second conducting layer having at its edge a taper angle larger than a taper angle at the 

1 O edge of the first conducting layer. 

2. A method according to claim 1, wherein the edge of the semiconductor layer 

has a tapering shape. 

15 3. A metl10d according to claim 1, wl1erein the width of the second conducting 
layer is narrower than the widtt1 of the first conducting layer. 

4. A method according to claim 1, wherein the gate electrode is formed by 

carrying out dry etching using a chlorine·based gas and a fluorine,based gas or a chlorine .. 
20 based gas and a fluorine .. based gas and O, and then carrying out dry etching using a chlorine .. 

based gas and a fluorine .. tJased gas and o,. 

25 
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5. A method according to claim 4, wherein the chlorine .. based gas is a gas 

selected from the group consisting of Cl,, 8CL3, SICI, and CCI,. 

6. A method according to claim 4, wherein the fluorine .. bascd gas is a gas 

selected from the group consisting of CF,, SF6 and NF:i. 

7. A semiconductor device comprising: 

a semiconductor layer provided over an insulating surface; 

an insulating film provided over the semiconductor layer; and 

a gato electrode provided over the insulating film, 

wherein the gate electrode has a layered structure comprising a first conducting layer 

constituting a lower layer and a second conducting layer constituting an upper layer and having 

35 its edge a taper angle larger than a taper angle at the edge of t11e first conducting layer, and 
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wherein the semiconductor layer has a channel"forming region overlapping with the 

second conducting layer, and has an LDD region overlapping with the first conducting layer, 

and has a source region and has a drain region. 

5 8. A device according to claim 7, wherein the edge of the semicondl1ctor layer 

10 
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has a tapering shape. 

9. A device according to claim 7, where in the edge of the semiconductor layer Is 

covered by an insulating film provided between the gate electrode and the semiconductor layer. 

10. A device according to claim 7, wherein the insulating film has a tapering shape 

in the proximity of the gate electrode. 

11. A projector comprising a display device, the display device comprising: 

a semiconductor layer provided over an insulating surface; 

an insulating film provided over the semiconductor layer; and 

a gate electrode provided over the insulating film, 

wherein the gate electrode has layered structure comprising a first conducting layer 

constituting a lower layer and a second conducting layer constituting an upper layer and having 

20 at its edge a taper angle larger than a taper angle at the edge of the first conducting layer, and 
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wherein the semiconductor layer has a channel.forming region overlapping with the 

second conducting layer, and has an LDD region overlapping with the first conducting layer, 

and has a source region and has a drain region. 

12. 

projector. 

A projector according to claim 11, wt1ercin the projector is a front type 

13. A projector according to claim 11, wherein the project is a rear type projector. 

14. A portable information terminal comprising a display device, the display device 

comprising: 

a semiconductor layer provided over an insulating surface: 

an insulating film provided over t11e semiconductor layer: and 

a gate electrode provided over t11e insulating film, 

wherein the gate electrode has layered structure comprising a first conducting layer 

constituting a lower layer and a second conducting layer constituting an upper layer and having 

at its edge a taper angle larger than a taper angle at t11c edge of the first conducting layer, and 
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wherein the semiconductor layer has a channel-forming region overlapping with the 

second conducting layer, and has an LDD region overlapping with the first conducting layer, 

and has a source region and has a drain region. 

15. A portable information terminal according to claim 14, wherein the information 

terminal is selected from the group consisting of a mobile telephone, a mobile computer, or an 

electronic book. 


