SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING SAME

BACKGROUND OF THE INVENTION

This invention relates to a semiconductor device and
a methed for manufacturing the sgsemiconductor device, and
particularly to¢ technology for controlling the formation of
impurity-dopad reglions in a smmidonductar layer by & method
of working a gate electrode of the device by dry setching.
The invention ¢an for example be applied to displays wherein
this semiconductor device 1s used in a display part, and
particularly to liquid erystal displays, organic EL displays
(alight emittingdeviceoralightemittingdiode} andelectronic
equipment using such displays. The EL {(electroluminescent)
devices referred to in this specification include triplet-based
iight emlssion devices and/or singlet-based light emission
devices, for example,.

Dezcription of the Related Art

When in the fabrication of a semiconductor device a
semiconductor layer is formed by dry etching or wet etching,
or when an impurlity region is formed in a semiconductor layer
by doping, a mask made of photoresilst 1s used.

In dry etching or wet etching, the material outside the
part cavéred by the mask 1s removed, and the material which

1s not etched assumes the same shape as the shape of {he mask.



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 microminiaturization of structures
of semiconductor devices having thin film transistors
(hereinafter, TFTs) has been progressing. Consequently, there
has been a need for finer pogiltioning in mask formatilon.
Ingufficiently fine positioning 1z a cause of formation defects
in the forming of resist masks. There has been known a method
whereby to overcome this a semiconductor device is fabricated
by a part 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
self-aligningly it 1s possible to realize a reduction in the
number of photo masks used in the forming of photoresist masks
by photolithography, and fine positlondng 1is unnecessary.
Becauseof this, the technologyizcurrentlyrecelvingattention.

For the forming of an itmpurity reglon in a semiconductor
layer, the mathod of doplng the semiconductor layer with a
group 15 {of the periodic table} impurity element such as
phosphorus or arsenic or a group 13 (of the pariodic table)

impurity element such as boron is used.



Doping a semiconductor layer with a group 1% lmpurilty
element forms am n-type reglom, and doping with a group 13
impurity element forms 2 p-type region, and in this way source
and draln reglons are formed Iin a semiconductor layer.

A characterdstic of & TFT is its OFF current (the cuxrent
which flovys through the channel region when the TFT is OFF;
in this specificatdion, I,¢t). When the characteristics of a
TFT are belng evaluated, it i1s desirable that the wvalue of
thiz Y.¢e be small.

To make Toer small, it 1s beneficial to forman LDD (Lightly
Dopad Drain)} reglen in the part of the sgsemiconductor layer
posltioned cutside the gate electrode.

Also, 1f hot carviers arlse in the channel region when
the TFTisbeingdriven (1.e, i3 0ON), this causes the gemiconductor
device to deteriorate. To pravagt this, it 1s desirable that
a second LDD region be formed In a part of the semiconductor
layer overlapping with the gate evlectrode.

A samiconductor device structure having an LDD regilon
overlappling wlith the gate electrode across a gate insulating
£11lm 15 known a5 a GOLD (Gate-drain Overlapped LDD) structura,

GOLD structures are also called LATID (Large-tilt-angle
implanteddrain) structuregand ITLDD (Inverge TLDD) structures.
For example in "Mutsuko Hatane, Hajime aAkimoto and Takeshl
Sakai, IEDM27 TECHNICAL DIGEST, P523-526, 1997 it 1s confirmed

that a GOLD structure with a silicon side wall provides extremely



good rellability compared to other TFT 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 washing: the application of resist material;
pre-baking: exposing: developing; and post-baking.

Andthaphotoresistmaskmustberemovedafterthaatching
or doping preocess, and numerous steps are also requlred for
this removal. These include for example ashing with a gas
selected from among O, H;0 and CF,; removal using chemicals;
or removal by means of a combination of ashing and chemical
treatment. At this time, removal using chemicals necessitates
steps such as chemical treatment; rinsing with pure water:
and drvying of the substrate.

Thus there has been the problem that using masks made
from photoresist increases the number of steps required to
make a semlconductor device,

And, alongwith the microminiaturization of semiconductor
dovices, flner positioning in mask formation has been regquired.

Insufficliently fine pogitioning 1s a cavse of formation defects
of resist masks, as mentioned above, and time spent repalring
such defects results in increased process time and has been
a cause of increased manufacturing costs.

The use of masks made from photoresist in the fabrication

of zemlconductor devices has thus lncreased thae number of steps



required for the fabricatlonprocaess; lncreased the time required
to complete the staps; 1noreased manufacturlng costs; and
atfected product yleld.

Accordingly, reducing the number of masks used is an
effective way of reducing the manufacturing cost of a
semlconductor device,

Also, when the characteristics of a TFT 1in a semlconductor
device are considered, 1t 13 desirable. that a flrst LDD reglon
of the kind mentioned above be formed in the semiconductor
layer, as this is effective in reducing I,er, which 15 an lmporctant
characteristic of a TFT.

And to prevent deterloration of the semlconductor device
it 15 preferable for the device to have a GOLD structure, and
by forming a =second LDD region of the kind described above
soas tooverlapwiththe gateelectrode across thegate insulating
Film 1t is posszible to supprass hot carrlers forming In the
¢hannel region and the draln regilon.

In this specification document the above-menticoned first
LDD region will be called the L.ee reglon and the above-mentioned
second LD region will be called the L, regtion.

However, to dope the L reglon and the L,, reglion with
an impurity it has been necessary in each case to form a mask
made of photoreslst on the semiconductoer layver, and the increase
in the number of gteps resulting from the lncrease in the number

of maszks needed has been a problem.



And, in a semiconductor device having a GOLD structure
wherain the edge of the galte electrode is positioned on the
gate ingulating £film above the boundary between the Lgee Tegion
and the Loy reglon, finepositioning is necessary in the formation
of the photoresist masks, and the process has been complicated.
Consequently, troublehas oftenarisen which causes positioning
falilure at the tlme of mask formation.

For these reazons, in the forming of a semiconductor
device having a GOLD structure, because the structure
necessitates fine positioning control, ilncreased numbers of
masks and trouble in the formation of photoresist masks have
been a great problem and have constituted a catise of lncreased
manufacturing cost of the semlconductor device, increased time
requlred for manufacture, and reduced manufacturing yleld.

To overcome this, the present inventors, having been
researching the possibility of forming an L.rr reglon and an
Lov Teaglon to constitute LDD regions of a semiconductor device
having a GOLD structurs self-alligningly without using masks
made from photoresist, have invented a fabrication method for
forming an Lo veglon and an L. region by doping a semiconductor
layer with an impurity element self-aligningly by means of
certain gate electrode materials and dry etching methods.

By using this invention it 1s possible to form an Lgee
reglon and an L,y reglon by doping the semiconductor layer with

an impurity element self-aligningly and thereby to reduce the



number of masks required and eliminate trouble associated with
the formation of these masks. Thug it 1s possible to reduge
the manufacturing cost of a semiconductor device and the time

requlred for its manufacture.

SUMMARY OF THE INVENTION

in the fabrication of a semlconductor device, it is
preferable to provide an LDD reglon, And to suppress
deterloration of the semiconductor device, 1t is desirable
to form a GOLD structure., However., to form an LDD regicn it
has hltherto been necessary to form a mask made of photoresist.
Consequent.ly, increaseaed mask numbers and increased
manufacturing cost have been a problem., However, with the
present invention it is possible to form an Lopyr reglon and
an Lgy region self-aligningly and thereby to reduce the number
of masks needed to manufacture a semiconductor davice and to
reduce manufacturing time and manufacturing cost.

The edge of a gate electrode in a semiconductor device
with a GOLD structure overlaps wilith part of the LDD ragion
across the gate insulating £f1lm. In this invention the shape
of the gate electrode 1s worked to a tapering shape, and doping
ls carried out self-aligningly a number of times using the
gate electrode &0 worked as a mask. In this way, a source
region, a draln region, an Lgrs reglon and an L., region arne

formed. In the doping, by an lmpurity belng doped through



)

~part of the gate electrode, the L., region 1s formed in a part

of the semiconductor layer overlapping with the gata electroda;
consequentiy, impurity reglons each having a different impurlty
concentration are formed in 'the semiconductor layer.

Speclifically. the invention provides a method for forming
a semjiconductor device with a GOLD structure self-aliligningly
by means of a semiconductor device fabricationmethod including:
a first step of forming a semlconductor layer: a second step
of forming a gate insulating fiilm on the semiconductor l&yer:
& third step of forming a first conducting film on the gate
insulating £1lm; a fourth atep of forming a second conducting
film on the f£irst conducting £film; a fifth step of forming
a gate electrode of a first shape by carrylng out dry etching
at least once on the szecond conducting £ilm and the f£first
conducting film; a sixth step of forming a first impurity region
in the semlconductor layer; a seventh step of forming a gate
electrode of a second shape by carrying out dry etching on
the gate electrode of the first shape; an elghth step of forming
a gate electrode of a third shape by carrying out dry etching
selectively on the second conducting £ilm of the gate electrodsa
of the second shape; and a ninth step of forming a second impurity
reglon in the semliconductor layer.

In this inventlon, for each of the first conducting £11lm
and the second conducting £film a material 1s selected from

among the refractory metals tungsten, tantalum, titanium, and



molybdenum; nitrides having at least one of these metals as
amain constituent: and alloys contalning at least one of these
metals. The first conducting film and the second conducting
film are made of different materials.

A high-density plasma is used for the dry etchling, and
an étching apparatus is used with which 1t 15 possible to control
independaently the power of a plasma source and a blas power
for generating a negative bilas voltage on the substrate side.
From exparimantal results obtained by the invéntors it was
discovered that the taper angle of the gate electrode edge
depands on the blas voltage on the substrate side, and 1t was
found that by setting the blas power of the dry etching apparatus
higher it is p0$$ible to reduce the taper angle of the gate
electrode. Bysuitablycontrollingtheblaspowaritispossible
to form a gate electrode having at its edge a taper angle of
5 to 807, and this gate electrode is used as a mask for forming
lmpurity reglons.

In this speclfication document, for convenience, the
angle that a sloping side face of a conducting layer makes
with the horizontal will be called the taper angle; a sloping
side face having this taper angle will be called a tapering
shape; and a part having the tapering shape will be c¢alled
the tapering part.

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 f£irst shape.

In the seventh step dry etching is carried out with a
smaller bhlas power than in the f£ifth step. As a result of
the bias power being made smallexr, the taper angle of the gate
alectrode edge becomes larger than in the gate electrode of
the first shape. Consgsequently, a gate electrode of a second
shape, narrower in width than the gate electrode of the first
shape, 15 Lormed.

In the elghth step the second conducting film is dry
etched selectively. And in this step the taper angle of tha
edge of the second conducting £1iim of the gate electrode of
the zecond shape becomes larger. However, in the elghth step,.
becavuge flrst conducting £f1lm of the gate elactrode is hardly
etched at all, a gate electrode of a third shape wherein the
wldth of the second conducting £ilm is narrower than that of
the first conducting £1lm is formed,

For forming the impurity reglons, lon dopilng is used.
Besides ion doplng, ion injection can alternatively be used.
In this invention when doping of the impurity is carried out

a mask made from photoreslst is not used and instead the gate
elactrode 1s used as a mask. Consequently the number of masks
needed to make the semlconductor device is reduced. If an
n-type semiconductor device L1s to be made, 1n the sixth step
and the ndnth step a group 15 impurity element such as phosphorus

or arsenic ls doped, whereas if a p-type semiconductor device
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is to be formed a group 13 impurity element such as boron 1s
doped in the sixth step and the ninth step.

In the sixth step the impurity element is doped through
the gate insulating £11m using the gate alectrode of the flrst
shape as a mask, and thereby a first impurity region is formed
in the part of the semiconductor layer positioned outside the
first shape. This f£irst 1mpurity region ig a source or draln
reglion.

In the ninth step a second impurliy region 1is formed
by the impurity element being doped using as a mask just the
gsecond conducting £ilm of the third shape gate alectrode.
In the doping conditions in the ninth step a smaller dose and
a higher accelerating veoltage than in the conditions at the
time of the formation of the first impurity regilon are used,
so that a second impurity region having a lower jmpurity
concentration than the First impurity region is formed in the
semiconductor layer. And the impurity element is doped ilnto
the semiconductor layer through the first conducting film of
the gatea electrode af the third shape and through the gate
insulating £ilm. Of the second impurity region, an Lufe reglon
is formed outside the gate electrode of the third shape and
an L,, region is formed 1in a neglon not overlapping with the
$econdconduﬂtingfilmbutovarlappingwiththefirstconduating

£ilm.

By using the above means a GOLD structure semiconductor
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device is formed which has a semiconductor layer including
asourc@xﬁgion,aadrainreginn,an1LDDregionpositionedoutside
the gate electrode and an LDD region overlappling with the gate
alectrode; a gate insulating £ilm; and a gate alectrode, Just
two photo masks are needed to form this semiconductor device:
a photo mask for forming an island-shaped semlconductor layer;
and a photo mask for forming the gate electrode., After the
gate electrode is formed using a mask, the source and drailn
reglions and the L.y region and the L., reglon are formed Iin
the zemiconducteor layer self-aligningly.

By reducing the number of masks using the means described
above it is possible to reduce the number of manufacturing
staps and the time neaded to preduce the semiconductor device;
reduce manufacturing cost; and improve yield.

It is also possible to form a GOLD structure in a
semiconductor device having an 1island-ghaped semiconductor
layer, & gate insulating £11lm and a gate alectrode by processes
besides that described above, with the same number of masks,
by changing the process order and the condlticns of the droy
etchings and impurlty dopings. Below, a specific manufacturing
process constituting an example other than that set forth above
is described.

That is, the invention also provides a method for forming
a GOLD structure self-aligningly by means of a semiconductor

device fabrication method including: a firat step of forming
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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 £1lm on the £irst conducting
£ilm; a fifth step of formlng a gate alectrode of a first shapa
by carrying out dry etching at least once on the second conducting
film and the first conducting £ilm; a sixth step of forming
~a first impurity regiocn 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 £ilm of
the gate electrode of the first shape; an eighth step of forming
a sacond impurity reglon in the semiconductor layer: and a
ninth step of forming a gate electrode of a third shape by
carrying out dry etching selectively on the first conducting
film in the gate electrode of the second shape.

In this method, for each of the first conducting film
and the second conducting £ilm a material is selected from
among the refractory metals tungsten, tantalum, titanium, and
molybdenum; nitrides having at least onea of these metals as
a main constituent; and alloys contalning at least one of thege
metals. The first cenducting f£film and the second conducting
£f1lm are made of different materials.

For the dry etehing, an etching apparatus 1s used with
which 1t 1is possible to control independently the power of

a plasma source and a biag powar for generating a negative
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bias voltage on the substrate side, or a parallel flat plate
type RIE apparatus.

In the fifth step dry etching is carried out so that
a taper 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 £1im in the
gate electrode of the first shape is etched gelectively. Also,
dry etching 18 carried out with a smaller bilas power than in
the dry etching of the fifth step. As a rogult of the bilas
powerbmingmad@smaller,thataperangleoftha$e¢ondc¢nduct1ng
film edge becomes larger than in the gate electrode of the
first shape. And because the first conducting fi1lm is hardly
atched at all, a gate electrode of a second shape wherein the

width of the second conducting £1lm is narrower than that of
the first conducting film is formed.

For forming the impurity regions, lon doping 1s used.
Besldes ion doping, ion injection can alternatively be used.

In the sixth step the gate electrode of the first shape 1s

used as a mask, and a first impurity region is formed in the
semiconductor layer positioned outside the first shape by an
impurity element being doped through the gate insulating £1lm.
This first impurity region becomes a source or draln reglon.

fn the elghth step a second impurity region iz formed
by doping the semiconductor layer with 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 smaller dose and a higher accelerating voltage than
in the conditions at the time of the formation of the fixst
impurlty region are used, so that a second Impurity reglon
having a lower impurity concentration than the first lmpurity
raglion is formed in the semiconductor layer. And the impurity
element is doped into the semiconductor layer through the flrst
conducting £ilm of the gate electrode of the second shape and
through the gate insulating £ilm.

In the ninth step. the first conducting £ilm is dry atchaed
selectively. In the first conducting £4.1m, because an extremaly
small taper angle is formed in the part not overlapping with
the second conducting film as a result of the seventh step,
the first conducting £ilm is etched from its edge and narrows,
and a gate electrode of a third shape 1s formed. At this tima,
a second impurlty region has been formed in the semiconductor
layer overlapping with the first conducting £ilm, and as a
result of the First conducting film becoming narrow a part
of the second impurity reglon comes to be positioned cutalde
the gate electrode of the thlrd shape. Of this gecond impurity
region, the reglon positioned outside the gate electrode of
the third shape becomes an Lo reglon and the region overlapping
with the gate electrode of the third shape becomes an Loy region.

Also by using the means described above, with two photo

masks it is possible te form a semiconductorn device having
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asemicﬂnductor1ay@rincludingfx$ourcmragion,Eﬁdrainregion.
an Lers Tegion and an L, region; a gate insulating £ilm; and
a gate electrode.

The invention can be sald to have a characteriz ing feature
in the method by which the gate electrode is formed.

That is, the invention further provides a method for
manufacturingiisemiconductardevic@1nclud1ngeasemiconductar
1ayerfqrmedcnmaninsulatingsurfaae,animsulatingfilmfﬁrmad
on the semiconductor layer, and a gate electrode formed on
the insulating f£ilm, the method including: a first step of
forming a semiconductor layer on an insulating surface; a second
step of forming an insulating £f11m on the zemiconductor layer;
andathirdstepofformingontheinsulatingfihnagatealeﬁtroda
made up of a first conducting layer and a second conducting
layer having at its edge a tapex angle larger than a tapear
angle at the edge of the flrst conducting layer.

In this method, the edge of the semiconductor layer 1is
preferably given a tapering ghape as ghown in Figs. 3A through
3E and Figs. 9A through 9B,

And in thils method, the edge ot the first conducting
1ayerprefarablyhasataparingshape,andtoabtainthiataparing
Bhapm,1nthethirdstep,thegatemlectrmdeisfarmedbycmrrying
out dry etching using a chlorine-based gas and a fluorine-based
gas or a chlorins-based gas and a fluorine-based gas and O3

and then carrying out dry etching using a chlorine-based gas
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and a fluorine-based gas and 0O;.

Because the second conducting layer has at its edge a

larger taper angle (45° to 80°) than the taper angle at the
edge of the first conducting layer (below 60° and preferably
less than 5°), the second conducting layer ls narrower in width
- than the filirst conducting layer.

‘The chlorine-based gas 1s a gas selected from among Cls.
BCL:, 81C1, and CCl;. The fluorine-based gas 1ls a gas selected
trom among CF,. SF; and NFj.

A semiconductor device having a gate electrode having
a tapering shape obtained by thismethod 1s alsgo a characterizing
feature of the present invention. It 1s posslble to obtain
a GOLD structure TFT self-aligningly by forming a gate electrode
made up of a first conducting layer and a second conducting
layer with differing taper angles and then carrying out doping
of an lmpurity element.

That lz., the invention further providez a method for
manufacturing a samiconductor device including a semiconductor
laver formed on an insulating surface, an insulating £ilm formed
on the gemiconductor layer, and a gate alectrode formed on
the insulating £1ilm, in which method the gate electrode has
a layered structure made up of a first conductlng layer
constilituting a lower layer and a second conductling layer
constituting an upper laver and having at 1lts edge a taper

angle larger than a taper angle at the edge of the first conducting
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layer and the semiconductor layer has a channel-forming region
overlapping with the second conducting layer across the
insulating f£ilm, an LDD region overlapping with the first
conducting layer across the insulating £11m, and a sourde reglion
and a drain region.

In this method, the edge of the semiconductor layer is
preferably given a tapering shape as shown in Figs. 3A through
38 and Figs. 9A through 9E.

And in this method, as shown in Flgs. 3A through 3E and
Figs. %A through 9E, the edge of the semiconductor layer is
coveredby an insulating filmprovided between the gate alectrode
and the semiconductor layer. And as shown in Figs. 3A through
3F and Figs. 9A through 9E, the insulating £11m has a tapering

shape in the proximity of the gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A through 1D are charts showing atching
characteristics of a W £ilm and a TaN f£ilm;
Figs. 2A and 2B are photographs of a gate electrode before

and after etching:

Figs. 3A through 1B are views 111lustrating steps of etching
and doping a gate ele¢trode in accordance with the inventlon;
Fig. 4 is a graph showing variation of the length of

an LDD region with etching conditions;

Figs. 5A through 5C are views illustrating a process
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for manufacturing an AM-LCD (Active Matrix Liquild 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 Liqulid
Crystal Display):

Fig. 7 1= a further view illustrating the same process
for manufacturing an AM-LCD (Active Matrlx Liquid Crystal
Display):

Fig. 8 1is a sectlonal construction view of a reflective
liquld crystal display: and

¥igs. %A through 95 views illustrating steps of etching
and doplng a gate electrode in accordance with the invention.

Figs., 10A through 10F are views lllustrating examples
of electronic eguipment.

Figs., 11A through 11D are views illustrating examples
of electronic equipment.

Figs. 12A through 12C are views lllustrating examples

of electronlce equipment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors carried out a number of experiments
relating to best modes of practicing the invention. These
will now be diseussed using Figs. 1A through 4. The following

description will take as an axample the case of a gate electrode
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structure with tantalum nitride as a lower layer and tungsten
as an uppér layer; howaver, tha lnvention is not limited to
this gate structure, and layers consisting of any slements
selected from among tungsten, tantalum, titanium, molybdenum,
silver and copper and so on, or nitrides having these elements
as constituents, or alloys of these elements may be suitably

selactad,

In this invention, an apparatus (hereinafter also called
an ICP dry etching apparatus) having an ICP (Inductively Coupled
Plasma) plasma source was used as the etching apparatus. A
characterizing feature of the ICP dry etching apparatus is
that an ICP power, which i1s the plasma source, and a bias power,
which produces a negative blas voltage on the substrate side,

can each be controlled Independently.

Experiment 1

Firat, characteristics obtained when this ICP dry etching
apparatus was used to etch a tungsten (W) £1lm and a tantalum
nitride {(TaN) £1lm will be described.

When an ICP dry etching apparatus is used, the important
parameters in the etehing are the ICP power, the blas power,
the etching chamber pressure, the sotching gas and the flow
of the etching gas. The etching rates of a W film and a TaN
film were measured for different combilnations of values of

these parameters, The results are shown in Table 1 and Figs.
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1A through 1D.

Table ]

(etching rates (E.R.) of W and TaN, and W taper angle)

ICPIbias|pressure | CF, cl, 0, RER DITANER @0/ Tan seloction ratio|w taper angle
condition ) (W1] Iw] [Pa] [scewly  [nw/ain]| [na/win) DD [deg)
1 500) 20 1.0 it io H 53, 97 66 43 0. 889 B0
2 500| 50 1.4 30 0 1] 88 11 118 46 0. 750 25
3 500] 100 1.4 j0 ! 0 ] 111. 66 168. 03 . 687 18
4 500] 20 1.0 25 1 2% [} 124, 52 20 67 6. 049 70
] 5007 60 1.0 25 1 25 10 161. 72 35, 81 4. 528 35
] 500{ 100 1§ 25 | 25 10 176, 90 56. 12 1008 1?7
7 5001 150 1.0 25 | 2% 10 200. 39 - 80. 32 2, 49% 26
] 500( 200 LO 25 | 25 10 214. 10 102, 87 2124 22
9 500( 250 1.0 25 1 25 10 23212 124, 97 1. 860 19
10 5001 20 1.0 20 | 24 20 - 14. 83 - -
1 500) 60 1.0 20 20 20 193. D2 14, 23 13. 685 37
12 500] 100 1.0 20| 20 20 235, 27 218 10. 856 29
13 500) 150 Lo | pdi] LT 38. 61 .19 26
14 500] 200 L0 200 20 20 2490, 10 45 10 6. 422 24
15 500( 250 1.0 0| 20 20 304, 34 5025 £ 041 22
Tt 1z to be noted that "." in the above Table 1 means that

measurement 15 impossible bhecause the W surface is changed

in quality during the etching,

As the sample structure used for the etching rate
measurements, a 400nm W £ilm or a 300mm TaN £1lm was formed
by sputtering on a Corning Coxp. #1737 substrate, and using
a4 photoresist mask of a suitable shape the W £ilm or TaN film

was half-etched for a suitable time. The amount of atching

of the W £41lm or TaN f1lm was then measured with a step measuring
instrument, and the etching rate was calculated from this and
the etching time. The results are shown in Table 1 and Filgs.

iA and 1B.
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In Table 1, etching rates were eévaluated for different
bias power and etching gas conditions, with the ICP power fixed
at 500W and the chamber pressure fixed at l.oﬁa.

Table 1 and Pig. 1A show data on the dependency of the
atching rate of the W film on the btas power and the etching
gas. It canbe seen that the etching rate of the W £11lm increases
with increasing bilas power and with the addition of oxygen
(02) to the etching gas. “

Table 1 and Fig. 1B show data on the dependency of the
atcﬁing rate of the TaN £ilm on the bilas power and the etching
gas. Here 1t can be seen that although like the etching rate
of the W £1lm the etching rate of the TaN film Ilncreases with
increasing bilas power, the etching rate decreases with the
addition of oxygen to the eatching gas.

When the data of Table 1 was used to obtain the selectivity
of a W £ilm with respect to a TaN film (the ratic of the eteching
rate of a W £1lm to the etching rate of a TaN film), as shown
in Table 1 and Fig. 1C it was found that whereas this selactivity
15 less than 1 when no oxygen 1s added to the etching gas,
Lt increases to a maximum of 13.695 when oxygen 1s added to

the etching gas.

Experdment 2
To verlfy this result, the inventors salected from among

the conditions shown in Table 1 and actually carried out etaehing

22



on a sample with a layvered structure made by forming a "TanN
film on a glass substrate and then forming a W £4lm on the
TaN £1im, The etching conditions and optical microscope
photographs of the results are shown in Figs. 2A and 2B,

In ¥Flgs., 2A and 2B, an insulating £1lm consisting malnly
ok silicon is formed on a Corning Corp. #1737 ylass subgtrate,
and silicon 201 crystallized by means of heat or a laser is
formed on ﬁhat Lo a thickness of 55nm as an Jsland-shaped
semiconductor layer. 'The insulating £ilm 1s formed to prevent
the emission of impurities Ffrom the glass substrate and may
be of any substance and thickness as long as it is insulating.

A gate iInsulating film is formed =o as to cover the
island-shaped semiconductor layer on the insulating f£ilm.

A TaN film to serve az a first conducting £41m is formed
to a thickness of 30nm on this gate insulating film, a W £film
to zerve as a second conducting £ilm 1s formed to a thickness
of 370nm on the First conducting £ilm, 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 conditions
7 in Table 1 (wherein the ICP powar is S500W, the blas power
is 150W, and the chamber pressure is 1.0Pa; Cl,, CF, and O
are used for the etching gas: and the flows of the gases Cl.,

CFi and O, are 25sccm, 25scom and 10zcom respectively).
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Fig. 2B is a photograph of the gate elactrode obtained
by using the conditionz 1 of Table 1 (wherein the ICP power
iz 500W, the bilas power is 20W, and the chamber pregssure is
l.DPa;ClzandCF4areusedfartheatchinggas;andtherespective
flows of the gases Cl, and CF, are each 30scom) to etch the
W film and the TaN £ilm on the Substrate obtained by salectively
etching the W film under the conditions 7.

In Fig. 2A. the W £1lm has a tapering shape with a taper
angle of 26%; 1ty edge 203 projects outside tha resist mask
by 700 to 800nm: and outslide that it can be sean that a TaN
£1lm 204 remains on the gate insulating f£ilm, unetched.

In Fig. 2B. the TaN film and the W film have been e¢tched
simultaneously and the TaN f1lm that had remained outside the
tapering W film has been complately etched away.

This Experiment 2 was carried out on the basis of
selectivities of a W £1lm with respect to a TaN £ilm obtalned
in Table 1, and confirms that selective etching of a sample
actually having a layered structure of a TaN film and a W film
is possible. Also. in Experlment 1 and Expariment 2 it was
found from the shape of the W film after etching that there
is a correlation between the taper angle of the W £ilm and

the blas power,

Experiment 3

Next, taper angles obtained on etching W fFilms 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 £ilm was formed on that and then a photoresist 3.5pm line
mask was patterned. At this time, a taper angle of 60° was
formed on the edge of the photoresgist,

The insulating film is provided to prevent the emission
of impurities from the glasa substrate during atching of the
W film, and as long as there is selectivity of W film with
respect to it under the atching conditions used it may be of
any type and thickness. The sample was etched under different
blas power and etching gas conditions, and using SEM (Scanning
Electron Microscopy) its crosg-gsectional ghape was obgerved
and the taper angle measured.

The results are shown 1in Table 1 and Fig. LD. As the
blas power lncreases from 50 to 250 Watts the taper angle of
the W £1lm gently decreases from 37° to 18°, but when the bias
bower 1s 20W the taper angle is 70° to 80° and thus the shape
of the edge of the W f£ilm is almost vertiecal.

The present invention provides a semiconductor device
manufacturing method characterized in that a gate alectrode
has a two-layer structure made up of a gate electrode layer
congisting of a first conducting £1lm and formed on thig gate
electrode layer another gate electrode laver congsisting of
a second cenducting £1ilm: the gate electrode layer consisting

ol the second conducting £ilm is gelectively etched through



control of an ete¢hing gas in dry etching; and a taper angle
of the edyge of the gate electrode is controlled through control
qfabiaspowarproducingan@gativabiasvoltageonthesubstrate
rsld@ in the dry etching. The shape of the gate electrode is
freely worked and the gate electrode is used as a doping mask
te dope an impurlity into a source region, a drain region and
an LDD regilon having an Lgee raglen and an L,, region using

self-alilgnment:,

Second Practicing Mode

Next, Figs. 3A through 3E, which are cross-gectlional
views showing one end of a gate electrode, will be used to
eXplain in detail a method for using the results of Experiments
1, 2 and 3 described above actually to form a source region,
adrainrﬂgion,euuLMfregionandanImvragion:ulasemicanductor
layer by doplng respective regions of the semiconductor layer
self-aligningly, with the gata mledtroda as a mask,

Flrst, the following sample is prepared. On a glass
substrate 301, an Insulating £ilm 302 consigting malnly of
silicon is formed to prevent the diffusien of Lmpurities from
the glass substrate. Then, an island-shaped semiconductor
layer 303 and, covering this, a first shape gate insulating
fllm 304A are formed on the Insulating film 302.

A TaN f£ilm to serve as a first conducting £ilm is formed

to & thickness of 30nm on this sample, and a W film to zerve
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as & second conducting film is formed to a thickness of 370nm
bygputteringcnlthefirstaunductingfilm. Then, a photoresist
maskisfarmedsmastoavarlapwithaxwgioncftheiﬁland~shaped
gemlconductor layer to become a channel region.

A first dry etching is then carried out. {Plg. 3A) As
the etching conditions, the ICP power is S00W, the bias power
is 150W, the chamber pressure is 1.0Pa, and Cl,, CFy and 0,
are used for the etching gas. The respective gas flows of
the gases Cl;, CPF, and Q; are 255¢cm, 25zcem and 10scoem. These
etching conditions are the conditions 7 shown in Table 1, and
thus 1t 1s possible to form a taper shape of taper angle 26°
in the W film and the selectivity of the W film with respect
toe the TaN £ilm is about 2.5, Here, the W £film ils dry-etched
selectively using these conditions. In the etcehing, the 1ight
emission strength of the plasma is monitored to detect the
end point of the etching of the W £ilm.

Prefarably,aftartheendpaint1sdet3ctad.overwatching
1s carried out 50 that there 1s no occurrence of etching residues
or the like, and here. to prevent the TaN f£ilm being etched
excessively by a longover-etching, a 10% over-etching s carried

out.

Az a result of this first dry wetching, the W £ilm
constituting the second conducting fllm becomes a first shape
gate electrode layer (second condueting layer) 306A having

8 taper angle of 26°, and the TaN film constltuting the first



conducting £ilm, although it is etched through 13 to l4mm in
the over-etching, refnaj,ns over the whole gsubstrate and becomes
a first conducting £ilm 3057,

In the first dry etching, another gas selected from among
chlorine gases such as Cl,, BCLj, 51C1l, and CC1,. fluorine gases
such as CFy, SF; and NF;, and Q,, or a mixed gas having these
as maln constituents may alternatively be used.

At thils time, because the TaNnN f__ilm parforms the role
af a stopper layver, the first shape gate insulating £ilm 304A
i3 not etched.

Then, without the photoresist belng removed, a second
dry etching is carried out. As the atching conditions, the
ICP power is made 500W, the blas power 1s made 20W. the chamber
pressure is made 1.0Pa, and Cl; and CF, are usad for the atching
gas. The respective flows of the gases Cl, and CF, are esach
30scom. These are the conditions 1 shown in Table 1. The W
film and the TaN film are etched at substantially the same
etching rate, and become second shape gate electrode layers
3058, 3068,

In the second dry etching, during over-etching of the
TaN f£ilm, the first shape gate inzulating £ilm 1s etched by
13.8 to 25.8nm and becomes a second shapée gate insulating film

304B.

In the second dry etehing, another gas selected from

amonyg chloerine gases such as Cl,, BCLy, 51Cl,; and CCly, fluorine
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gases such as CF,, 8SFs; and NF,, and 0z, or a mixed gas having
these as main constituents may altarnatively be used,.

Next, without the photoresist being removed, a first
doping i1 carried out, %o form a source reglon and a drain
reglon in the semlconductor layer 303. Hare, to form n-type
regions 1n the semiconductor layer, phosphorus was doped in
a dose of 1.5x10" atoms/cm® with an accelerating voltage of
80kV. An n-type source region and an n-type drain region 308
werae thereby Fformed in the parts of the semiconductor layer
doped with phosphorus. (Fig. 3B)

Next, withoul the photoresist being removed, a third
dry etching is carried out. (Fig, 3C) As a result of tha second
dry etching, the photoresist 307A has become a second shape
photoresist 307B. As the etching conditions of the third dry
etching, the ICP power 1s made 500W, the bias power is made
20W, and the chamber pressure ig made 1.0Pa. Cl; and CF, are
used for the atching gas. The respective flows of the gases
Clz and CF, are each 30scom.

Both the W £1lm and the TaN film are etched in this third
dry etching. As a result of the thirad dry etching, the tapering
part of the gate electrode formed by the first and second dry
etchings assumes a larger angle and thewildth of the gateaslectrode
narrvows, so that third shape gate electrode layers 305C, 306C

are formed.,

In this third dry etching, the part of the second shape



gate insulating £11m 3048 which does not overlap with the second
shape gate electrode laver 3058 is slightly etched. And as
the second shape gate electrode is etched and narrows in width
to become the third shape gate electrode, the gate insulating
£1lm progressively exposed to the plasma also is gradually
etched, and a third shape gate 1insulatring f£film 304C having
4 tapering shape 1s formed. Here, in the third dry etching,
about 60nm of ;ha gate insulating f1Im is atched.

In the third dry etching, another gas selected from among
chlorine gases such as C1,, BCL;, $1C1, and CC1,, fluorine gagses
such as CFy, SF; and NFs, and Oq, or a mixed gas having these
as maln constituents may alternatively be used,

In the third dry etching it is preferable for SF; to
be used in the gas for etching the W film and the TéN £1lm,
bacause this makes 1t possible to obtain 2 high selectivity
with respect to the gate insuvlating £ilm.

When SF¢ 1s used in the gas for the third dry etching,
for example the ICP power is made 500W, the bias power is made
l0W, the chamber pressure is made 1.3Pa, (Cl; and &F; are used
for the etching gas, and the reszpective flows of the gases
Cl: and SF; are mada 20scem and 40scem. At thilis time the etching
rate of the W film is 129.5nm/min, the etching rate of the
gate insulating £1lm is 14.0nm/m, and the gelectivity of the
W £film with respect to the gate insulating film is 9.61, When

the third dry etching 1s carried out with these conditions,
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the gate insulating film is only etched by about Snom.

An experiment was carried out to evaluate the etching
rates of a W £f1ilm, an $10, film and a TaN £ilm using Cl, and
BF¢ or Clz, SFs and O; under conditions other than those mentloned
above. The results are shown in Table 2.

Table 2
(etching rates (R. E.) and selection ratlos of tungsten (W)

and a gate insulating f£ilm (GI) and tantalum nitride (TalN)

undar various etching conditions)

CLISF 0, [TTCP[BTAS| [PRESS [T W E K |1 E & TTaN EX selection ratio
| [scem] (W) | [¥] 1| [Pal | |[nm/wind|[om/uin) | (nm/mind | | W/SIiON | §/TaN
0760050070 T 1.0 94, T 726. 9 378

10150 | 0 |I506] 20 || 1.0 90,3 78, 3 3. 43

20040 0 [ {5007 30 1T 10 [13.4 | 311 3. 87

30130 0 []500] 20 |10 106.6 | 37.5 2. 98

40207 0 {500 90 1.0 94, 5 37,7 2. 67
120400 ||500] 10 3 128.5 | 14.0 85, | 9. 61 1,52
00407 0 (5001 20 1.3 1851 | 44.3 137. 5 4. 45 1. 35
200400 | 5001 30 i 173.0 | &7 2 319

207401 0 {1700 20 [171 3 251.2 | 49.9 135. 0 5. 44 1. 86 |
20467 0 | [900] 30 L3 1173581 | 657 5. 81

20140 0 | T700] 10 1.3 274.3 | 49, 8 107, 4 9.33" | 256
1050170 | [500( 20 1.3 140.6 | 27.6 144. 1 543 | 0. 98
10f50] o1 5000 10 .3 104.3 | 128 1171, 2 8.36 |0 94
303070 [[5000 %0 1.3 153. 1 | 48 9 116, 4 3 36 1. 32
0160 0 |1500] 70 1.3 146. 5

10501 0 [1s60] 20 1.3 (44 1

20(40{ 0 {[500( 20 || 1.3 137. 5

(301307 0 [[500] 20 K 116, 4

402000 | [500] 20 1.3 86, 1

50010( 0 | 15001 20 1.3 52. 3

25125110 | | 5001 50 1.0 1311 | 327 T4 ]
202020 5000 20 1.0 136.9 | 280 5. 10 N
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When C1; and SFs or Cl,, SFs and Oy ara used for the etching
gas in the third dry etching, conditions shown in Table 2 may
be sultably selected and used.

Next, without the photoresist belng 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 dry etching, the ICP power is made SOOW, the bilas
power 1s made 20W, the chamber pPressure is made 1.0Pa, and
Cla, CFy and 0, are used for the etching gas. The respective
flows of the gases Cl,. CFy and O; are made 25s5cem, 25scom and
10scem.

In this fourth dry etching, as a result of the bias power
being made 20W, a still greater taper angle of 70° 1s formed
at the edge of the third shape gate electrode (the W film).
And the width of the W film of the gate electrode narrows
further to form a fourth shape gate alectrode layer 306D,
Thus, a fourth shape gate slectrode having a gate electrode
layer 306D narrower in width than the gate electrode layer
305D is formed by the fourth dry atching.

And, in the fourth dry etching, because the W £1lm of
the third shape gate electrode 1s etched salectively, the end
of the TaN £ilm of the fourth shape gate electrode 13 exposed.
Since 0; was added to the etching gas of the fourth dry etching,

the etching rate of the TaN film provided as the lower laver



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 TaN film undergoes very little etching.

Consequently, after the fourth dry etching, the TaN film
constituting the lower layer of the fourth shape gate alectrode
has the same width as in the third shape gate electrode, and
a fourth shape gate electrode layer 305D having a tapering
shape at its edge 1is formed.

In the fourth dry etching, a gas sslected from among
chlorine gases such as Cl;, BCl,y, 81iCl, and CCl,. fluorine gases
such as CF,, SPF; and NF,, and 0:, 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 £1lm 304C which does not overlap with the thirad
shape gate electrode layer 305C \s slightly etched and a fourth
shape gate insulating film 304D is formed.

In the third and fourth dry etchings the part of the
gate insulating £film which does not overlap with the fourth
shape gate slectrode layer 305D i1s etched by 57 to 73nm, and
the gate ilnsulating film is etched by a maximum of B88nm by
the first through fourth dry etchings.

Howaever, 1in the second, third and fourth etchings, and
particularly in the third etching, when SF; is used in the
etching gas, the gate insulating £ilm is only etched by a maximum

of 20nm.
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As a result of the £irst, =zecond, third and fourth dry
etchings, a gate electrode and a4 gate insulating film are formed
which have thea following characteristics. The gate elactrode
layer 305D has a longer shape in the channel length direction,
that is, a greater width, than the gate electrode layer 306D.

The fourth shape gate insulating film 304D is made up of a
first gate insulating £ilm region 309, having a £irst thickness,
overlapping with the gate electrode {the TaN film); a second
gate 1néulat1ng film region 310, having a second thickness,
cutgide the gate electrode: a third gaté insuvlating £ilm region
311, changing in thickness from the first thickness to the
second thickness between the first gate insulating £f1lm region
andthesacondgateinsulatingfilmregion;and,forcenvenience,
a fourth gate insulating film region 312, denoting the part
of first gate Insulating film region 309 which overlaps with
the fourth shape gate electrode layer 306D. The first gate
insulatingfilmragion,whiehincludesthafourthgatainsulating
£ilm region, is the thickest, and the second gate lnsulating
film region 15 the thinnest.

In the first, second, third and Fourth dry etchings,
th@firstandseconddryetchingscanbecarriedmutcon&acutively
by changing conditions in the same chamber, and the third and
fourth dry etchings can also be carried out consecutively by
changing conditions in the Same chamber.

When the fourth dry etching is finished, the mask 307D,
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having changed to a Ffourth shape 1in the fourth dry etching,
is removed., Here, the mask 307D can be removed with an Q; gas
plasma using an RIE dry etching apparatus.

Then, using the fourth shape gata electrode as a mask,
4 second doping 1ls carried out to form in the semdeconductor
layer 303 self-aligningly an n-channel gemiconductor layer
to constitute an LDD reglon. (Fig. 3E) Hare alzo, for
convenience, reglons in the semiconductoer layer 303 will be
named, in correspondence with the Ffirst through fourth gate
insulating f£i1lm regions named above.

That iz, the semiconductor layer region overlapping with
the £first gate insulating £ilm region will be called the first
semlconductor layer region 313; the semlconductor layer region
overlapping with the third gate insulating £ilm reglon will
be called the third semiconductor layer reglon 314; and the
semiconductor layer region overlapping with the fourth gate
ingulating £ilm region will be called the fourth semiconductor
layer region 315. Here the fourth semiconductor layer region
315 constitutes a channal reglon, through which a current flows
when the semiconductor device is ON.

llowever, because the reglon overlappling with the second
gate insulating film region 310 13 the source reglon or the
drain region 308, this reglon wlll be c¢alled the second

semiconductor layer reglon 308,

At this time, it is important that an impurity is doped
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into the first semiconductox~layer-region 313 through the gate
electrode layer 305D and the first gate lnsulating £ilm region
309.

Using phosphorus as the dopant, and with doping conditions
of dose: 3.5x10" atoms/em®, accelerating voltage: 90kV, an
n-channel LDD regilon having a lower impurity concentration
than the source region or the drain reglon 308 formed in thae
first doping 1s formed in the first semiconductor layer region
313 and the third gsemlconductor layer region 314.

And in the LDD reglon, the Ffirst gsemiconductor layer
reglon 313, hecause it overlaps with the gate electrode layexr
305D across the first gate Ingulating £film region 309, hecomes
an Ly, region.

In the second doping the semlconductor layer reglons
313 through 315 and 308 become semiconductor layer reglons
each having a different impurity concentration, and thers is
the characteristic that the value of the Impurity concentration
in the source region and the drain region 308 is the highest,
the value in the channel region 315 1s the lowest, and the
value in the L., region 313 is lower than the value in the L,ge
reglion 314,

The impurity concentration in the L,y reglon 1s lower
than in the L. region because the films positioned above the
Loer Tegion 314 and the Loy reglon 313 and their film thicknesszes

are different. When an impurity is doped into semiconductor



layer regilons through f£ilms formed on the semiconductor layer
regions, 1f the thicknesses and/or the materials of the £1lms
differ, the amounts of impurity reaching the semiconductor
layer reglons differ and the impurity ceoncentrations of the
semiconductor layer regilons will be different,

Above the Lgsy region 314 there is formed the third gate
insulating f£ilm region 311, which changes in thickness Ffrom
the above-mentioned first thickness to the above-mentioned
second thickness,

Above the Lo, region 313, on the other hand, there is
formed the first gate insulating £1lm region 309, which has
the above-mentioned First thlckness, and on the first gate
insulating £1ilm region 309 there is formed the fourth shape
gate alectrode layer 305D.

Consaquently,whendopingofanimpurityelementisGarried
cut, the amount of the impurity reaching the semiconductor
layer is lower 1in the Loy reglon than in the Loee region, and
the resulting impurity concentration of the Lov reglon 1s lowar
than that of the Lgrs reglon.

Inthapracticingmodedescribmdabove,thegatealectrnde
is made up of two layers and the gate electrode 1s worked frealy
with it being a characterizing feature of the practicing mode

that a 26° to 70° tapering shape 1s formed on the edge of the
gate electrode (W f£ilm) and the W £ilm of thea gate electrode

iz etched selectively with respect to the TaN film of the gate



electrode. And by doping an island-shaped semlconductor layer
wlith an impurity using the gate electrode as a mask, 1t is
possible to form a source region, a drain region, an L., region
and an L.rr Tegion in the semiconductor layer self-aligningly,
and thereby form an n-channel semliconductor device having a
GOLD structure.

In this practicing mode the gate electrode was used as
a masgk to form an LDD region having and L.es region and an L,
region self-aligningly. but when a semiconductor device is
actually being made, the lengths of these reglons in the channel
length direction (hereinafter simply called the LDD length,
the La.rs Longth and the Lo, length) influence the characteristics
of the semiconductor device. And the eptimum values of the
LDD length, the Lg:r length and the Lov length differ according
to the purpose for which the semiconductor device 1s to be
used. Therefore, there 15 a need for the ability to control
the values of the LDD Length, the Lo length and the Lov length
in each manufacturing process.

The mechanism by which the LDD region, the L. reglon
and the L, reglon are formed will now be explained agailn using
Figs. 3A through 3E.

From Fig., 3B, the LDD length ls the length of the channel
length direction component of the portion positioned outside
thﬂresistafthetaperingpartofthasecmndshapegateelactroda

layers 305B and 3068 formed by the second dry etc¢hing; the
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Legr length 1s the length through which the gate electrode layer
305B 15 e¢tched in the channel length direction in the thirad
dry etching: and the L., length is the length through which
the gate electrode layer 306B alone 1g 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 L. length can
be controlled by controlling the amount by which the lowér
gate electrode layer (the TaN £ilm) is etched, i.e. the etching
time, in the third dry etching; and the L., length can be controlled
by c¢ontrolling the amount by which the upper gate slectrode
layer (the W film) is etched, 1.e. the etching time, in the
fourth dry etching.

In this c¢onnection, with the taper angle of the gate
electrode obtained through the first and gecond dry etchings
made 26°, the Lo length and the Lo, length were measured for
different etching times in the third and fourth dry etchings.
The results are shown in Table 3.

Fable 3 (etching period and Loff length and Lov length)

[~ sampla nama| A B c

third otching period [sec] 401 50| 60
fourth etching period [sec] 40| 308 =0
Loff length [nm] 180 320 480
lov length {nm] 7801 620{ 420
LDD  lengthlrim] 960 940 @00
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ThetﬂtalthicknesﬂOfthagatealmctrodelayeraonsisting
of the filrst conducting f1ilm and the gate alectrode layer
consisting of the second conducting film here 1s 400nm. and
the LDPD region length is 820nm; howaever, in practice this will
become about 100nm longer as a result of etching of the resist
mask ln 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 L. length and the Lsw length
under three different combinations of the respective etching
times was carried out, i1t was confirmed that when the third
atching time is 1noreased and the fourth etching time 15 reduced
the Lwee length becomes longer and the Lo, length becomes shorter.

It was found that with the LDD length made a maximum the Logs
length and the L,, length can be freely controlled by means

of the third and fourth dry etchings.

Preferred Embodiments

First Preferred 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 five masks and to

manufacture a reflecting-type liguid crystal dlzplay will be
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described in detall.

(Figs. 5A through 5C)} In this preferred embodiment, a
Corning Corp. #1737 glass substrate 501 of barium boroszillicate
glass or alumino-borosilicate glass was used. Alternatively,
a quartz substrate, a silicon wafer or a heat-resistant plastic
aubstrate may be used,

A hase £11m 502 iz formed on the side of the substrate
501 on which the TFT is to be made. This base £ilm 502 is
for preventing the diffusion of impurities from the substrate
501 and may be any insulating £ilm having silicon as a main
constituent, such as a sillicon oxide f£ilm, a sllicon nitride
filmorasiliconoxidenitride £f4lm. ByplagmaCVDorsputtering
one or more of thesa insulating fiilms may be selected and formad
in layers as necessary. In thils preferred embodiment, the
base £llm was given a two-layer structure.

As a first layer insulating £ilm 502a, a silicon oxide
nitride £ilm is formed to a thickness of 10 1o 200nm (preferably
50 to 100nm) with S1H., NH, and N30 as the reaction gas. In
this preferred embodiment tlha first layer of the base film
was made a silicon oxlide nitrida £11m 502a (compositlon S1=32%,
0=27%, N=24%, H=17%) and formed to a thicknezs of 50nm.

Next, a second layer of bhase film 502b iz formed. A
silicon oxide nitride film 502b 1s formed by plasma CVD to
a thickness of 50 to 200nm (preferably 100 to 150nm) with SiH,

and N20 as the reaction gas. In thiz preferred embodiment,
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asiliconoxidenitride f1im502bof thickness 100nm (composition
51=32%, 0=59%, N=7%, H=2%) was formed.

Then, semiconductor layers 503 through 507 are formed
on the bagse £ilm 502. For the semliconductor layers 503 through
507, noncrystalline fllms are formed by ordinary means such
as plasma CVD or sputtering and then crystallized using a known
crystallization method such as lager arystallization or thermal
crystallizatilon and patterned to’  form isiand-gshaped
semiconductor layergz. The semiconductor layers are formed
to a thickness of 25 to 80nm (prafarably 30 to 60nm). At this
time silicon or a silicon-germanium alloy is preferably used
as the semiconductoer matexrial.

In thls preferred embodiment, a nonerystalline silicon
filmwasformedto55nmbypla$maCVDandthenasolutioncontaining
nickel was held over the noncrystalline silicon film. This
noncrystalline silicon f£llm 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

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

crystallization a linear annealing process was carried out,
and a c¢rystalline silicon f£ilm was obtained.

In the forming of the noncrystalline sillicon film, to
prevent contamination by impurities at the interfaces botween
the first and second layer base films 502Za and 502b and the

semlconductor layers 503 through 507, preferably the f£1lms
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are formed consecutively in the same chamber as the 502b or
inadifferent chamber by way of an evacuated preparation chambar,
without the substrate being exposed to the atmosphere.

The necassary parts of thilis crystalline silicon £ilm
were masked by photolithography and the island-=zhaped
semiconductor layers 503 through 507 were formed by dry etching.
For the dry etching. by CPF, or ancther fluorine gas and O,
being used fcu; the process gas, the crystalline sillicon Film
ls etched together with the photoresist so that the edges of
the semiconductoxr layers assume a tapering shape and the coverage
in the formation of gate Insulating £1lms and insulating £1lms
between layers theraafterisgood. Inthis proaferred embodiment.,
the crystalline silicon £1lm was etched using an RIE apparatus
with an etching chamber pressure of 13.3Pa, an RF power of
500W, and O;=45scom, CFM=S50scom as tho process gas, and
semlceonductor layers 503 through 507 made from the crystalline
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 TFI's, in the
semlconductor layers 503 through 507, a small guantity of an
impurity element (a group 13 atom such as boron or a group
15 atom such as phosphorus) may be added to the channel regions.
In this preferred embodiment, boron was doped into the
semlconductor layers 503 through 507 over thelr entire faces

to a dose of 5x10"° atoms/cm? and with an accelerating veltage
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of 30kV.

A gate Insulating film 508 1is formead on the subsztrate
50 as to cover the semiconductor layers 503 through 507. The
gate insulating film S08 is formed to a thickness of 40 to
I50nmusing 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 iz used. In thils preferred
embodiment, a silicon nitride £ilm (composition S1=32%, O=59%,
N=7%, H=2%) was formed to a thickness of 115nm by plasma CVD.
And in this preferred embodiment, the gate insulating f1lm
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 oxlide films
of matals such ag tantalum and aluminum.

And when a silicon oxide £ilm iz used, it can be formed
by plasma CVD by mixing TEQOS (Tetraethyl Orthosilicate) and
0, and effecting electrical discharge at a reaction pressure
of 40Pa, a substrate temperature of 300 to 400°, and a
high-frequency (13.5MHz) power density of 0.5 to 0.8 W/cm?®.
Good characteristics can be obtained from a silicon oxide
film made in this way by thermally annealing 1t thereafter
at 400 to 500°C.

Next, a first conducting £11lm 509 and a second conducting

£film 510 are formed on the gate insulating film 508. For esach
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of the conducting £ilms a material having low resistivity and
having heat-reglstance is desirable, and they are formed from
an element selected from tungsten, tantalum, titanium,
molybdanum, silver, and copper and so on, a nitride contalning
one of these elements, or an alloy combining twoe or more of
these elements.

The first conducting film 509 and the zecond conducting
flim 510, after subsequent steps, functlon as gate mlmctrodés
and gate interconnectlions. It is a characterizing feature
of this inventlon that the gate electrode has two layers, and
here the gate electrode has a lower gate electrode layer
conslstingof the first conducting£f11m 569 and having a thickness
ef 20 to 100nm and an upper gate electrode layer conslsting
of the second conducting f£ilm 510 and having a thilckness of
100 to 400nm.

In this preferred embodiment TalN was chosen for the first
conducting £ilm 509, and formed to a thlcknesz of 30nm by
sputtering. The second conducting £fllm 510 Ls preferably formed
with the same apparatus as the apparatus used for forming the
flrst conducting £11m 509 and 1s preferably formed consecutively
in an apparatus having a plurality of targets 1in a single
film-forming chamber or an apparatus having a pluralilty of
f1lm-forming chambers. This 1s sc as to form the Films
consecutively i1n the same apparatus without exposing the

substrate to the atmosphere and thereby prevent the occurrenca

45



of contamination by impurities of the interface between the
first conducting £ilm 509 and the second conducting £ilm 510,

Tungsten (W) was chosen for the second conducting £1lm
510 and formed to a thickness of 370nm also by sputtering.
A tungsten £ilm can also be formed by plasma CVD. However,
for its use as a gate electrode layer, the reslstivity of the
WE1lmshouldbe kept below 20pQ2em. In thispreferred embodiment,
by using a 99.9999% or 9%.99% pure tungsten target and also
paying ample attentlon to ensuring that there 1z no mixing
of impurities from the gas phase during film-forming, it was
possible to realize a resistivity of 9 to 20nQlcom.

Next, using a phoﬁoresist mask made by photolithography,
“tha first conducting film 509 and the second conducting £1lm
510 are dry etched to form gate alectrodes and gate
interconnections. Reslst masks 511 through 517 are formed
on the second conducting £ilm 510.

In this preferred embodiment, a dry etching apparatus
having an ICP (Inductlvely Coupled Plasma) plasma source was
used for the dry etching of the gate electrodes. This will
be eaxplained here with reference to Figs. 3A through 3E, Figs.
5A through 5C and Figs. 6A through 6C. In Figs. 3A through
3E, a gate electrode layer 305, a gate electrode layer 306,
agate insulating £1lm 304 and a photoresist 307 after different
dry etchings are =zhown in detall. In the firzst dry etchlng

step the second conducting film 306A is selectively atched

46



and a gate electrode layer 3085A and a gate interconnectlon
layer, and a gate electrode layer 306A and a gate interconnection
lavex, having first shapes, are formed. In Figs. 3A through
3B only the gate electrode 1s shown, and the gate interconnection

1s not shown.

Inthlspreferredembeodiment, as the dryetchingconditions,
the ICP power was made 500W, the blas power was made 150W,
the etching chamber presgsure was made’l_0Pa, and Cl,, CF, and
0; were used for the process gas. The fFlows of the gases Clj,
CFy and O respectively were 25scem, 256scem and 10sccem.

Here, the tungsten, which 1s the second conductling £ilm,
was selectively etched, and a tapering shape having a taper
angle of 23° was formed at its edge. The W f£ilm of the gate
electrode i1z gelectively otched because as a result of the
process gas containing O the etching rate of the tungsten
rises and the etching rate of the TaN £ilm falls. and as a
result of the bias power being set to 150W a gate eclectrode
having a small taper angle 1s formed.

In the flrst dry etching, another gas selected from among
chilorine gases such az Cl;, BCLy, 5iCl1ly and CCl,, fluorine gases
such as CFy. 5F; and NF;., and 0, or a mixed gas having these
as main constituents may alternatively be used.

Because the gate alactrode layer 305A 1s only etched
about 13 to l4nm by the over-etching of the gate electrodo

layer 206A and remalns present over the entire face of the

47



substrate, the gate insulating £1lm positioned underneath the
gate electrode layer 305A 1s not etched and has the shape shown
with the reference numeral 304A.

A second dry etching is then carried out. The photoresist
mask has now assumed a first shape 307A as a result of the
first dry etching. Thisz photorasist 307A is not removed and
iz used as it 1ls. In the etching the conditlions are changed
but the process 1s carried out in the ‘same apparatus and the
same chamber.

Az a regult of the changes to the process gas and the
process conditions in the etchlng the TaN £1lm gate electrode
layer and the W £ilm gate electrode layer are etched
simultaneously, and a gate electrode laver 3035B and a gate
electrode layer 306B having a second shape are formed. 1In
this preferred. embodiment, the ICP power was made S00W, the
bias power was made 20W, the etching chamber pressure was made
1.0Pa, and Cl; and CF, were used for the process gas. The flows
of the gases Cl; and CPF, were each 30sccm.

Az a result of the blag power being made smalleyr than
in the first dry etching, the tapex angle of the edge of the
gateelectrndmbacomaﬁlargerandthﬂwxdthofthegﬂtealactrude
narrows. And because the process gas does not contain O the
tungsten and the TaN film are etched at the same time, and
a gate electrode layer 308B and a gate electrode layer 306EB

having a second shape are formed. In the second dry etching
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the gate insulating f£film 304A 15 etched about 13.8 to 25.8nm
and becomes a second shape gate insulating £ilm 304B.

In the szecond dry etching, another gas selacted from
among chlorine gases such as Cl,, BCL,, 5iCl, and CCl,, Fluorine
gases such as CFy, 5F; and NF;, and O;, or a mixed gas having
these as maln constituents may alternatively be used.

The part of the semiconductor layer overlapping with
the tapering part of the second shape gate electrode across
the gate insulating £1lim becomes an LPD region when a subsequent
third doping is carried out. In this preferred embodiment,
because the gate insulating £ilm thickness is 400nm and the
taper angle 1s about 26°, the length of the LDD region iz about
820nm plus the approximately 100nm by which the resist mask
is etched in the channel direction.

As a result of the second dry etching the resist mask
assumes a second shape 307B. Without this reslst mask 3078
being removed, a second doping step is carried out, to form
an n-channel semiconductor layer. An impurity element {(a group
15 element such as phosphorus or arsenic) imparting the n type
is doped Iinto a source reglon and a drain region with the second
shape gate electrode as a mask.

in this praferred embodiment, phosphorus was doped at
a dose of 1.5x10"" atoms/cm® with an accelerating voltage of
80kV, whereby source or drain regions 308 of 1impurity

concentration 1x10%° to 1x10%' atoms/cm® were formed. (Fig.
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3B)

Filg. 3B corresponds to Fig. 5B: the szecond shape gate
electrode layer 305B corresponds to 518 through 524; and the
gate salectrode layer 3068 corresponds to 525 through 531.
However, 521, 524, 528 and 53] are not gate electrode lavers.

And the source or draidn reglons 208 through 211 correspond
to 532 through 536. Howaever, 536 1s a source region and not
a drain raglon.

Next, without the resist mask belng removed, a third
dry etching step 1s carried out. In the third dry etching
stepthe second shape gate electrode layer 305Band gate ealectrode
layer 306B are bhoth etched, and alsc the tapering part whosa
taper angle was 26° in the second shape assumes a larger angle,
and a gate alectrode layer 305C and a gate electrode layer
306C of a third shape are formed.

A semiconductor layer region 3l4 which doeg not overlap
with the third shape gate electrode laver 305C but overlaps
wlth the second shape gate electrode layer 305B becomes an
L.re reglon as a result of the subsequent third doplng step.
The amount by which the gate electrode layer 305C 1s etched
in the channel length direction and the length of the L.y region
are contreolled by way of the third dry etching time.

As the etchling apparatus, an ICP dry etching apparatus
was agaln used. As the etching conditions, the ICP power was

made 500W, the blas power was made 20W, and the etching chamber



pressure was made 1.0Pa. Cl; and CFy were used for the process
gas. The flows of the gases Cl; and CF; were each 30sccm,
The second shape gate electrode layers 305B, 306B ware etched,
and third shape gate electrode layers 305C, 306C were formed
as described above. At this time, the etching time was adiusted
50 that the amount by which the gate electrode layer 305C was
etchedin the channel lengthdirection, whichessentlallybecomes
the Leee length, bacama 480nm.

In the third dry eatching, another gas 'sc.::lec:ted from among
chlorine gases such as Cl;, BCL,, $iC1, and CCly, £luorilne gases
guch as CF4, 5F; and NFi., and O, or a mixed gas having these
as main constltuents may alternatively be used.

In the third dry etching the part of the gate insulating
film whlch does not overlap with the gate electrode layer 305C
ls etched to form a third shape gate insulating £4ilm 304C,

A fourth dry etching is then carried ocut. As a result
0f the third dry etching, the resist mask haz a third zhape
307C. This resist mask 307C ig not removed and iz used as
it 1s. The etching conditions are changed and the process
ls carried out 1n the same apparatuz and the same chamber.
In the fourth dry etching. the gate electrode layer 306C i1s
salactivaely etched again. By conditions such that the gate
electrode layer 305C 15 not etched being used, a shape wherein
the gate electrode layer 305C is longer than the gate electrode

layer 306C in the channel length direction is obtained.



In the fourth shape gate electrode obtalned as a result
of the fourth dry etching, a semiconductor layer reglon 313
which does not overlap with the W film gate electrode layer
across the gate insulating film but overlaps with the TaN film
gataelectrcdelay@rbecomesanImVregionjjnisubsgquentdoping.

The Loy ragion is formed to a length obtained by subtracting
the L.ge length determined by the third dry etching from the
length of the LDD reagion.

In this preferred embodiﬁent, the ICPF power was made
500W, the bias powar was made 20W, and the etching chambor
prassure was made 1.0Pa. Cl;, CF; and O; were used for the
process gas. The flows of the gases Cl,, CFy and O were 255com,
25scoem and 10scem respectively. The third shape W £ilm gate
electrode layer was gelectively etched, and by thé taper angle
of the edge thereof belng further lncreased a gate alectrode
layer 306D having a fourth shape, narrowear in width than the
third shape gate electrode layaer 3060, was formed,

The TaN £ilm gate electrode layer is only etched about
7nm,andafmurthshapeQateelectrmdelayer305D0fBubstantially
the same width as the third shape gate electrode layer 305C

1s formed.

The fourth shape gate electrode layer 305D becomes longer
by 420nm on either side of the gate electrode than the gate
electrode layver 306D (840nm over the gate width as a whole),

and in this preferred embodiment a L, region 313 of length



420nm was obtalned.

In the fourth dry etching, another gas selected from
among c¢hlorine gases such ag ¢1;, BCL,, 54Cl, and CCl,, fluorine
gases such ag CFy, SF; and NF;, and O, or a mixed gas having
these as main congtituents may alternatively be used.

Fig. 3D corresponds to Filg. 5C: the fourth shape gate
alectrode layer 305D corresponds to 538 through 544; and the
gate electrode layer 306D corresponds to 545 through 551.
However, 541, 544,‘548 and 551 are not gate electrode layers.

After the fourth dry etching is finished, the photoresist
mask 307D is removed. The mask may be removed by O; ashing,
H,0 ashing, ashing with a gas mixture of O; and H,0, ashing
with one of these gases with nitrogen or a fluorine gas such
as CF,; added, oxr by some gther known method such as removal
wilith a chemical. 1In thils preferred émbodimant, the mask 307D
was removed by O; ashing using an RIE dry etching apparatus,

Next, a third doping is carried out to form an LDD region.
(Fig. 3E) Using the fourth shape gate electrode layer 306D
an n-type reglon having a lower lmpurity density than the source
and drain reglons is formed in the first semiconductor layer
region 313 and the third semiconductor laverregion3l4. Because
in the semiconductor layer ragion 313 the impurity is doped
into the L., region through the gate electrode layer 305D and
the gate insulating £ilm 309, the doping is carried ocut at

a low density and a high accelerating voltage.



In thls preferred embodiment, an Ler region 314 and an
Loy region 313 were formed with a dose of 3.5x10'? atoms/cm®
and an accelerating voltage of 90kV.

Although in thils preferred embodiment the resist mask
307D was removed after the fourth gate electrode atching, it
may alternatively be removed after the third doping.

Fig., 3E corresponds to Flg. 6A: the L. reglion 314
corresponds £o 557 through 561; and the L., reglon 313 corresponds
to 562 ti‘;rough 566. However, 556, 561 and %66 do not function
a5 Loy OF Loy Treglons.

Then, a photoraslst mask 567 15 newly formed and a p-type
semlconductor layer ls formed by a fourth doping step. (Fig.
6B) By doping with an impurity imparting the p type., p-type
semlconductor laver reglons 570 through 575 arae formad,

At this time, an lmpurity imparting the n type has been
added to the semlconductor layer regions 570 through 575, but
by doping the impurity imparting the p type to a concentration
of 2x10°° to 2x10%! atoms/cm® a p-type semiconductor layer function
can be cobtainad without problems.

In this preferred embodiment, boron was used with a dose
of 3x10'° atoms/cm? and an accelerating voltage of 20 to 30kV,
whereby p-type semiconductor layer reglons 570 through 5§75
were formed,

After the photoresist mask 567 1is removed, a Flrst

inter-layer insulating £1lm 576 1s formed over the entire face



of the substrate. In this step a 150nm £1lm of silicon oxide
nitride was formed by plasma CVD, but of course some other
method such as sputtering may alternatively be used, and the
fllm is not limited to silicon oxide nitride and may be some
other insulating f£ilm consisting mainly of silicon. And in
an 1insulating f£ilm conéisting mainly of silicon it may be
single-layer or a layered film of two or more typas.

Next, a step of activating the impurity element added
to the semiconductor layer is carried out. This activation
stepiscarriedﬂutbythermalannealingusingafurnaceannealing
oven. The annealingmay be carried out in a nitrogen atmosphere
with an oxygen concentration of lppm or below and preferably
0.1lppm or below at 400 to 700°C and typlcally 500 to 550°C,
and in this preferred embodiment the activation was carried
out with a heat-treatment of 550°C, 4 hours. Besldes thermal
annealing, laser annealing or rapld thermal annealing (RTA)
can alternatively be applied.

This activation step may be carried out before the first
inter-layer insulating film 576 15 formed (Fig. 6C):; however,
here, because heat iz applied in the activation step. when
the material used for the gate electrode and so on is vulnerable
to heat, preferably a silicon oxide film. a silicon nitride
film or a silicon oxlde nitride film is formed as a protective
film, or as in thias preferred embodiment the £first inter-laver

film 1s made to fupnction as a protective £ilm.
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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 1z performed.

In this preferrsd embodiment, a hydrogenation of 1 hour
in a 100% H,. 350°C atmosphere was carried out. This
hydrogenation may alternatively be conducted in a hydrogen
plasma atmosphere.

Next, a second inter-layer insulating £11m 578 consdsting
of an organic resin film such as acrylic or polyamide which
can be formed by spin coating 1= formed on the first Anter-layer
insulating £f11m576 (Fig. 7). Thasacondinterulayar1n$ulating
filmis formed by spin coating with the object also of flattening
the substrate on which the semiconductor device is formed.

In thils preferred embodiment, acrylic was formed to a
film thickness of 1600nm.

After that, the gate ingulating F1im 537, the first
inter-layer insulating film 576 and the second inter-layer
insulating film 578 positioned on the source and drain reglons
and the gate interconnection are etched to form contact holes
for connecting with intermediate interconnections 579 through
288. As the etching method of the Insulating f£ilms at this
time, etching matched to the different f£films should be carried
out so that tomake the coverage in the forming of the intermadiate
Iinterconnections good a tapexing shape of taper angle 4% to

80° is obtained, and for example etching of the organic resin
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film such as acrylic or polyamide and the silicon oxide nitride
film used for the flrst inter-layer insulating film 576 is
possible with a gas mixture of CF, and 0,. However, to etch
the gate insulating £1lm formed on the semiconductor layer
itisnecessary touseconditions whichprovidea highselectivity
with respect to the semiconductor layer. Gases sultable for
selectively otching the silicon oxide nitride of the gate
insulating £film with respect to the semiconductor layer sllicon
include CHF, and C,Fy and the like., CHFy; and CFp can also be
called flueorine gases; however, they are gases having a high
selectivity with respect to silicon, and because thelr use
is different from the other f£luorine gases referred to in this
specification document they are taken in this document not
to be included among fluorine gases.

In this preferred embodiment, with an RIE apparatus and
uslng CFy, He and O; gas, a chamber pressure of 66.7Pa, an RF
power of 500W and CFy, He and Q; gas flows of 5scom, 40scom
and 95scem respectively, the second inter-layer insulating
flim 578 was etched; with the same RIE apparatus and using
CFy, He and 0; gas, a chamber pressure of 40.0Pa, an RF power
of 300W and CFy, He and 0, gasg flows of S0scom, 35scom and 50sccm
respectively, the siliconoxlde nitride of the first inter-layer
insulating £1lm 576 was etched; and with the same RIE apparatus
and using CHF., a chamber pressure of 7.3Pa, an RF powar of

800W and a CHF, gas flow of 35s3cem, the silicon 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 thay
function as plxel electrodes and reflecting electrodes,
preferably a metal material having a high reflectivity is used,
and in thils preferred embodiment Ti and an alley of AL and
Ti were formed in layers. Using sputtering, a Ti film was
formed to a thilckness of 50nm, and then an alloy f£ilm of Al
and Ti was formed to a thickness of 500nm immedliately thereafter.

After a mask iz formed with photoresist, the intermediate
interconnections are dry etched uwsing chlorine or a gas
contalning chlorina. In this preferred embodiment, the
intermediate interconnections 579 through 588 were formed by
carryling out dry etcehing uwsing a gas made by mixing chlorine
and boron trichloride in the same proportions,

In the way described above, it 1s possible to form on
the zame substrate a driving cilrcuit 606 having an n-channal
TFT 601, a p-channeal TPFT 602 and an n-channel THT 603, and
a pixel part 607 having a pixel TFT 604 and a holding capacltance
605. 1In this specification this substrate will for convenlence
be called an active matrix substrate.

Next, with referance to Fig. 8, amethod for manufacturing
a reflective active matrix type liguld crystal display using

the active matrix substrate shown in Flg. 7 will be described,
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First, a spacer 589 obtained by patterning a resin £1lm
on the active matrix is formed. The disposition of the spacer
may be determined f&:eely . Aspacermayalternativelybeaprovided
by scattering particles of a few pm in size,

Next, an crlenting film 590 made of polyamide rosin or
the like for orlienting liguid crystal in the plxel part of
the active matrix substrate 1s provided. After the orienting
film was formed, a rubbing treatment was carried out to orient
the liguld crystal molecules with a fixed prechilt angle.

Then, a facing substrate 591 As prepared. On the facing
gubstrate are formed a light-blocking £11lm %92, a transparent
alactrode 593 and an orienting £ilm 594. The light-blocking
film 592 1s made by forming a Ti £ilm, a Cr £1lm or an Al film
or the like to a thickness of 150 to 300nm.

A rubbing treatment is ¢arried out on the orienting £ilm
594. Then. the active matrix substrate on which the plxel
part and the driving clrcuit are formed and the facing substrate
are fixed together face-to-face with a sealant 595,

After that, aliguidcrystalmatarial 596 158 poured hatweaan
the two substrates. Fortheliquidorystalmaterial, anordinary
liguid crystal material may be used. For example besidaes TN
liquid crystal a thresholdless anti-dielectric mixed liguild
¢rystal showing an electro-optical responsiveness such that
its transmlittivity changes continuously with the magnetice £ield

can be used., Such thresholdless anti-diclectric mixed liguid



crystals also lnclude those showlng V-type electro-optical
regponsiveness. After the ligquidcerystalmaterial 526 1z poured,
the device is sealed completely with a sealing agent.

In this way the reflectlve active matrix liguid crystal

display shown in Fig. 8 is completed.

Second Preferred Embodiment

Inthispreferraedembodiment, amethodls explalinedwherain
" BF¢ 1s used 1n the etching gas when formlng the gate elactrode
by dry etching in the first preferred embodiment, to obtain
4 higher salectivity with respect to the gate insulatling £illm.
In this preferred embodiment the steps up to the forming of
the gate eslectrode 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 hera,
A first conducting £411lm 305 and a second conducting £1ilm
306 formed in accordance with the first preferred embodiment
are dry etched using a resist mask 307 made by photolithography.
As in the first preferrved embodiment, a TaN f£film was used
for the first conducting £1ilm and a W f£1lm was used for the
second conducting £film.
In this preferred embodiment, a dry etching apparatus
having an ICP {(Inductively Coupled Plasma) plasma source was

used for the dry etching of the gate electroda,
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The ICP power in the first dry etching was made 500W,
the blaz power was made 150W, the etching chamber pressure
was made 1.0Pa, and Cl., CF, and O; were used for the procoss
gas. The flows of the gases Cl;, CF, and O; ware made 25s5ccm,
25sccem and l0scom respectively.

The tungsten of the second conducting filmwas selectively
ectched, and a tapering shape having a taper angle of 23°was
formed at i1ts edge. The W £film of _the gate electrode is
selectively etched because as a result of the process gas
containing Oz the etching rate of the tungsten rises and the
etching rate of tha TaN £ilm falls. And as a result of the
blas power belng set to 150W, a gate alectrode having a small
taper angle 1is formed,

Because the gate electrode layer 305A 1is only etched
about 13 to l4nm by the over-etching of the W film gate alectrode
layer and remains present over the entire face of the substrate,
thegateinsulating fllmpositionedunderneaththegatealectrode
layer 305A 1s not atched and has the shape shown with the reference
numaral 304A.

In the first dry etching Cl,, §F; and 0; may alternatively
be used for the etching gas.

A gecond dry etching 4% then carried out. The photoraesist
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 1t is. In the etching the conditions are changed

61



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 eonditions in the dry etching, theTaN filmgate electrode
layer and the W film gate. alectrods 1aye: are etched
simultaneously, and a gate electrode layer 305B and a gate
electrode layer 3068 having a second shape are formed. 1In
this preferred embodiment, the ICP power was made S500W; the
bias power was made 10W: the etching chamber pressure was made
1.3Pa; and Cl; and 5F; were used for the process gas. ‘The flows
mfthegasesClzandSFﬁweramade1DSGcmandSOScmnreSPBGtively.

Ags a result of the bias power baing 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 atching
Tate of the W film at this time is 104nm/min and the etching
rate of the PaN £1lm 15 1llnm/min, so the two films are etched
at almost the same rate. A gate electrode layer 3058 and a
gate electrode layer 306B having a second shape are formed.

At this time, the TaN £ilm that had remained after the
firat dry etching is etched for about & seconds. After that,
to completely remove etching resildues of the TaN £1ilm. an
over-etchingof 15 seconds is carriedout. Bythisover-etching,
the gate insulating f£ilm positioned underneath the TaN f£ilm
is etched by about 3. 2nmand becomes a second shape gateinsulating

£ilm 304R8.
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The part of the semlconductor layer overlappling with
the tapering part of the second shape gate electrode across
the gate insulating £11lm becomes an LDD region when a subseguent
third doping 1s carried cut, In thiz preferred emhodiment,
baecause the gate insulating f£film thickness 12 400nm and the
taper angle 1s about 26°, the length of the LDD region is about
820nm plus the approximately 100nm by which the resist mask
is etched in the channel direction.

Az a result of the second dry etching the regist mask
assumes a seccond shape 307B. Without this resist mask 3078
being removed, a second doplng step is carried out, to form
an n-channel semiconductor layer. An impurity element (a group
15 alement such as phosphorus or arsenic) imparting the n type
is doped into a source region and a drain ragion with the second
shape gate electrode as a mask.

In thiz preferred embodiment, phosphorus was doped at
a dose of 1.5x10' atoms/em? with an accelerating voltage of
80KV, whereby source or draln regions 308 of impurity
concantration 1x10%° to 1x10%! atoms/cm® were formed, in 4 source
regicon or drain reglion in a self-adjustment way.

Next, without the resist mask being removed, a third
dry etching step 1s carried out. In the third dry etching
stap the second shape gate electrode layer 305Band gatae electrode
layer 3068 are both etched, and etching is carried out so that

also the tapering part whose taper angle was 26° in the second
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shape asgumes a larger angle, and a gate alectrode layer 305C
and a gate slectrode layer 306C of a thlrd shape are formed.

A semiconductor layer region 314 which does not overlap
with the third shape gate elactrode layer 305C but overlaps
with the second shape gate electrode layer 305B becomes an
Losr reglon as a result of the subsequent third doping step.

Tha amount by which the gate electrode layer 305C 1s etched
in the channeal length direction and the length of the L.rr reglon
are controlled by way of the third dry etching time.

As the etching apparatus, an ICP dry etchilng apparatus
was again used. As the etching conditions, the ICP powexr was
made 500W, the blas power was made 10W, and the etching chamber
pressure was made 1.3Pa. Cl; and 8Fs were used for the process
gas. The flows of the gases Cl, and SF, were made lO0sccm and
50sccm respectively. The TaN film gate electrode layer and
the W f11lm gate electrode layer were atchad, and a gate electrods
layer 305¢ and a gate electrode layer 306C having third shapes
woare Fformed as desoribed 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 L.:r length., bocame
480nm,

In the third dry etching the part of the gate insulating
£ilm which does not overlap with the gate alectrode layexr 305C

is etched by about 5.8nm and becomes a third shape 304C., In
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the steps up to here the gate insulating film has been atched
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 1s. The eatching conditions are changed and the process
is carried out in the same apparatus and the same chamber.
In the fourth dry etching, the gate electrode layer 306C 1s
selectively otched again. By conditions such that the TaN
film gate electrode layer 15 not etched being used, a shape
wherain the TaN film gate electrode layer ls longer than the
W film gate electrode layer in the channel length directilon
iz obtained.

In the fourth shape gate electrode obtalned as a rasult
of the fourth dry etching., a semiconducter layer reglon 313
which does not overlap with the W film gate electrode layer
across the gate insulating £ilm but overlaps with the TaN £11m
gate electrode layer becomes an Loy reglion in a subsequent third
doping.

The L, region is formed to a length obtained by subtracting
thae L.s length determined by the third dry etching from the
length of the LDD region.

In this preferred embodiment, the ICP powar was made
500W, the blas power was made 20W, and the etching chamber

prassure was made 1.0Pa. Cl;, SF:; and Qp; were used for the
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process gas. The flows of the gases Cl;, SFy and 0; were sach
20scom,  The thirxrd shape W film gate electrode layer was
selectively etched, and by the taper angle of the edge thereof
belng further increased a gate electrode laver 306D having
a fourth shape, narrower in width than the thi;d shape gate
electrode layer 3060, was formed.

The TaN £1lm gate electrode layer 1s only etched by a
few nm, and a fourth shape gate electrode layer 305D of
substantially thé“sama width as the third shape gate electrode

layer 305C 1s formed.

The fourth shape gate electrods layer 305D becomes longer
by 420nm on elther side of the gate electrode than the gate
electrode layer 306D (840nm over the gate width as a wholae),
and in this preferred embodiment a L,, region 313 of langth
420nm was obtained.

In the fourth dry etching the gate insulating fllm 1g
etched by about 0.5nm. And the amount by which the gate
insulating £11lm i3 etched in the first, second, third and fourth
etehings 1s 9.85nm. Whareas in the first preferred embodiment
thea amount by which the gate insulating film was etched in
the filrst, second, third and fourth etchings was a maximuam
of 88nm, Iin this preferred embodiment, because SF; was used
in the etching gas, the selectivity with respect to the gate
insulating £1llm was higher and it was possible to reduce the

amount of etching of the gate insulating £ilm by about 89%.

66



After the fourth dry etching La finished, the photoreslist
mask 3070 1s removed., The mask may be removed by O, ashing,
Hz0 ashing, ashing with a gas mixture of O; and H;0, ashing
wlth one of these gases wlth nilitrogen or a fluorine gas such
az CF; added, or by zome other known method@ such as removal
with a chemical.

In this preferred embodiment, the mask 307D was removed
by Oz ashing using an RIE dry etching apparatus.

‘ ﬁy using the method described above 1t was possible to
form a gate electrode of the gsame ghape ag in the first preferred
embodiment and to keep the amount by which the gate lnsulating
fllm was etched to 9.5nm.

Although in this prefarred embodiment SF; was used in
the etching gas in each of the second, thirxd and fourth dry
etchings, alternatively dry etching may be carried out with
condltions in which CFy 15 used, as in the flrst preferred
embodiment. For example, CFy may be used in the first, second
and fourth dry etchings and SFy used only in the thizd dry
atching.,

And although here the description has been given using
the axample of a gate electrode structure having tantalumnitride
as a lower Layer and tungsten as an upper layer, the gate structure
is not limlted to this, and layers consisting of any elements
selected from among tungsten, tantalum, titanium, molybdenum,

. 8ilver and copper and 5o on, or nltrides having these elements
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as constitwents, or alloys combining elements among these,

may be sultably selected.

Third Preferred Embodiment

In this preferred embodlment, with reference to Flgs.
ap through 98, there will be explained a method for, in the

method of forming an n-channel semiconductor layer having an

Loy reglon and an Lgsr reglon in accordance with the first preferred
embodiment, making the impurity concentrations of the L. reglon
and the L., rogion 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,

In the same way as in the first preferred embodiment,
an 1insgulating £ilm 902, a crystalline 1sland-shaped
semiconductor layer 903, a gate insnlating f£film 904, a first
conducting £ilm 905 and a second conducting £fillm 906 are formed
on & glass substrate 901, and a photoresiﬁt mask 907 is formed
on this.

As 1in the first preferred embodiment, a TaN film was
used for the lower layer of the gate electrode and a W £1lm
was uvsed for the upper layer. And a dry astching apparatus
having an ICP plasma source or an RIE dry etching apparatus
was used for the dry etching of the gate electreds.

In the same way as in the first preferred embodlment,
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a first dry etching is carried ocut. The etching is conducted
with Cl., CF; and 0O, being used for the etching gas; an ICP
power of 500W; a bias power of 150W; an etching chamber pressure
of 1.0Pa; and flows of the gasgses Cl;, CF; and 0; of 25sccm,
28s5ccm and 10sccm respectively.

At this time the W film gate electrode layer ls etched
selectively, and a first shape gate slectrode layer 906A having
a tapering shape of taper angle 26° formed at 1ts edge 15 obtalned.

The TaN film gate electrode layer 1is etched by about 13 to
l4nm as a result of over-etchlng of the W film but remains
present over the entlre face of the zubstrate, constituting
a first shape gate Qleatrmda layer 905A.

In the first doy etching, another gas selected £from among
c¢hlorpine gases such as Cl,;, BCLy, 5iCl, and CCl,, fluorine gasaes
such as CPFy, SF; and NF;, and Q2, or a mixed gas having these
as maln constituents may alternatively be used.

At thig time, because the first shape gate electrode
layer 95054 is present over the entire face of the subatrate,
the gate Insulating £ilm 1s nol oiched and remalns a first
shape gate electrode layer 9044,

Then, in the sama way as in the £irst preferred embodiment,
without the resist mask being removed, a sccond droy etching
is carried out. Clp; and CFy were used for the etching gas;
theIICP power was made 500W; the blas power was made 20W: the

chamber prezsure was made 1.0Pa; and the respective flows of

&9



the gases Cl; and CF{ were each made 30sccm. 'The first shapea
gate electrode layars 905A qnd 906A are etched simultaneocusly
to form second shape gate electrods layers 205B and 9068,

At this time, the part of the gate insulating £ilm 9044
posltioned outside the gate elactrode layer 2058 1s also atichad,
and forms second shape gate insulating £ilm 904B.

In the second dry etching. another gas selected from
among chlorine gases such ag Cl;, BCL;, §1Cl, and CC1,, fluorine
gases such as CPy, S5F; and NF,, and 0p, or a mixed gas having
these as main constiltuents may alternatively be used.

Next, in the same way ag in the £first preferred embodiment,
a second doping 1s carried out. Here, the firast doping 1is
taken to be a doplng carried out in the channel reglon for
controlling the thrashold characteristic of the TFT after the
formation of the gemiconductor layer consisting of the
erystalline silicon £1ilm.

By doping with an ilmpurity imparting the n type, source
and drain regions are formed in the semlconductor layer 908,

In this preferred embodilment, phosphorus was chosen as the
fmpurity and doped at a dose of 1,5x10* atoms/cm® with an
accelerating voltage of 80kV.

Next, a third dry etching 1s carried out. Here also
an ICP dry etching apparatus Ls used, and the dry etching is
carried out without the resist mask being removed, Cl., CHFy

and O were uzed for the atching gas; the ICP power was made
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500W; the blas power was made 20W; the chamber pressure was
made 1.0Pa; and the respective flows of the gasas Cl;, CF, and
Oz were made 25sceom, 25s¢om and l0scem respectively.

By etching being carried out with the conditions used
In the fourth dry etching of the first preferred embodiment
the W £ilm gate electrode layer is etched selectively and a
third shape gate electrode layer %06C havihg a larger taper
angle than the flrst and second taper shapes is formed.

The TaN f£film gate electrode layer 1s hardly etched and
remains present, but the TaN £ilm that becomes exposed as the
W £1llm 1s etched in tha channel length direction is gradually
etched fxom its edge and forms a third shape %05C having an
extremaly small taper angle of less than 5°.

In the third dry etching, another gas selected £from among
chlorine gases such as Cl,, BCL;, SiCl, and €CL,, fluorine gages
gsuch aszs CF,, SF; and ‘NFg, and 0O, or a mixed gas having these
as maln constituents may alternatively be used.

At this time, the part of the second shape gate insulating
£ilm 904B positioned outside the second shape TaN film gate
electrode layer 1s etched and forms a third shape gate insulating
film 904C.

A third doping is then c¢arried out. Using the third
shape gate alectrode layer 906C as amask, an impurity imparting
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 axtremely small taper angle of less than 5°, az mentioned
above, and thusg its film thickness has a distribution. And
in correzpondence 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 1s smaller than the difference in the
impurity concentratlon between the Ly region and the L,, region
which arises in the first preferred amhodiment.

In this preferred embodiment phosphorus was chosen as
the impurity and doped to a dose of 3.5%10'? atoms/cm® with
an accelerating voltage of 90kV, whereby an n-type LDD reglon
909 with an impurilty concentration lower than that of the source
and drain regions 9208 is formed in the semlconductor layer
909.

A fourth dry etching 1s then carried out. The third
cshape gate electrode layer 905C 15 etched to form a fourth
shape gate electrode layer 905D.

The edge of the thixd shape gate electrode layer 905C
has a tapering shape, and by dry etching being carriled out
anisotropically the third shape TaN film gate electrode layer
is gradually etched from its edge toward the positlon where

it overlaps with the third zhape gate electrode layer 906C,
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8o that the width of the fourth shape gate electrode layer
905D thus formed is narrower than that of the third shape gate
alectrode layer 905C.

As a result of the fourth dry atching. part of the LDD
region 209, all of which had overlapped with the third shape
gate electrode layer 205C, comes to be positionéd outside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an Lgre reglon 9210 and an Loy region 911.

However, because the TaN f1lm gate electrode layer 1s
a thin £1lm having an extremely small taper angle, if etching
conditions which result in a high etching rate are used there
is a possibility of the TaN f£ilm being etched away entlrely.

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 BOOW, and a 35scem flow of CHF; as the etching gas. Here
itisnotparticularlynecessaryfaranRIEdryetchingapparatus
to be used, and alternatively an ICP dry etching apparatus
may be used.

At this time almost all of the gate insulating £ilm 904C
which did not overlap with the third shape gate electrode layer
205C 1is etched in the fourth dry etching, but even if this
gate insulating £1ilm is etched through completely thls does
not constitute 4 problem in the manufacture of the semiconductor

device. The reason for this is that because CHF; is being used
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as the etching gas the gate insulating film éan be atched
selectively with respect to the silicon of the semiconductor
layer. And because also when a contact hole for connecting
an intermediate interconnection with the semiconductor layer
1z formed, in the etching of the silicon oxidel nitride £4lm
which 1z the Ffirst interlayer insulating £ilm in the first
preferred embodiment, conditions can be ugad, such as CHF.,
such that silicon oxlde nitride f£ilm 15 etched selectively.

When ln this kind of etchingwith CHF; there tg Insufficlient
etching of the TaN £ilm, etching may be carried out for 5 to
20 seconds using an etching gas of Cl;, CFy, and O; to pre-atch
the TaN film before the etching with CHPF; is carried out.

After the fourth dry etching the photoresist %07 1s
removed.

By applying this preferred embodiment to the first
preferred embodiment it 1s possible to make a semiconductor
device having an Lger reglon and an L,y region using five masks,
as 1n the first preferred embodiment, and it is possible to
make a semlconductor device wherain the impurity concentrations
of the L. region and the L., region are equal.

Although here the description has been given using tha
example of a gate electrode structure having tantalum nitride
as a lower layer and tungsten ag an upper layer, the gate structure
is not limited to this, and layers consisting of any elements

selected from among tungsten, tantalum, titanium, molybdenum,
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s1lver and copper and so on, or nitrides having these elements
as constituents, or alloys combining elemants among these may

be suitably salected.

Fourth Preferred Embodiment

Iin this preferred embodiment, with reference to Figs.
94 through 9E, there will be explained a methnd.for, in the
forming of the gateelectrode by dryetchingin the third preferred
embodiment, using SF in the etching gas to obtain a higher
salectivity with respect to the gate i1nsulating film. The
steps of this praferred embodiment other than the steps for
forming the gate electrode are exactly the same as in the third
prefaerred embodiment and the first preferred embodiment and
therefore will not be described again here,

In the zame way as in the third preferred embodiment,
an insulating £ilm 202, a4 crystalline island-shaped
gemlconductor layer 903, a gate insulating £film %04, a first
conducting £ilm 905 and a second conducting £ilm 906 are formed
on a glass substrate 901, and 2 photoresist mazk 207 1s formed
on this.

As in the third preferred embodiment, a TaN fllm waa
used for the lower layer of the gate alectrode and an W £1lm
was used for the upper layer. And as in the third preferred
ambodiment a dry etching apparatus having an ICP plasma source

ox an RIE dry etchling apparatus was used for the dry etching
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of the gate slectrode,

A first dry etching i1s carried out. The etching is
conducted with C1,, CF4, and 0O; baing used for the atching gas;
an ICP power of S00W; a blas power of 150W; an etching chamber
pressure of 1.0Pa; and respective flows of the gases Cl;, C¥F,,
and O, of 2bscem, 25scom and 10s3cem,

At this time, the W £1lm gate elesctrode layer is etched
selectively, and a £irst shape gate slactrode laysr 906A having
a tapering shape of taper angle 26° formed at 1ts edge is obtained.

The TaN £ilm gate electrode layer 1s etched by about 13 to
l4nm as a result of over-etching of the W £1lm but remalns
present over the entire face of the substrate, constituting
4 first shape gate electrode layer 905A.

At this time, because the first shape gate alectrode
layer 9052 iz present over the entire face of the substrate,
the gate insulating f£film 1s not etched and remalns a first
shape gate electrode layer 904A.

Cl;, 8F¢ and 0; may alternatively be used for the etching
gas in the filrst dry etching.

Then, without the resilst mask being removed, a second
dry etchlng is carried cut. Cls;and 5F, were used for the etching
gas: the ICP power was made 500W; the bias power was made 10W:
the etching chamber pressure was made 1.3Pa; and the flows
of the gases C1, and 5F; were made 10scem and 50scem respectively.

The Lirst shape gate electrode layer 9053 and the first shape
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gate electrode layer 906B are etched simultaneously and form
second shape gate electrode layers 905B and 9068.

At this time, the part of the first conducting £ilm 905A

positioned outside the W £film 1s etched for about 8 seconds.

Afterthat,toremoveet¢h1ngrmsiduesofthaTaNfilmcompletaly,
an over-atching' of 15 seconds is carried out. In this

over-etchling, the gate insulating £film 904A underneath the

gate electrode layer 903A is etched by 32.2nm and becomes a

second sghape gate insulating Film 9045;

Next, a second doping is carried out. Here, the first
doplng 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 semlconductor layer.

By doplng with an impurilty 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 dosze of 1.5x10'% atoms/cm® with an

accelerating voltage of 80kV.

Next, & third dry stohing 1s carrxlied out. Here also
an ICP dry etching apparatus is ugsed, and the dry atching is
carried out without the resist mask being removed. Clz, 5¥,
and 0; were used for the etching gag:; the ICP power was made
300W: the blas powear was made 10W: the etching chamber pressure
was made 1.3Pa; and the respective flows of the gases Clg,

SFy and Qp; were each made 20scem.
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As a result of the blas power being made smaller than
in the first dry etching, the W film gate electrode layer 1s
etched selectively and a third shape gate electrode layer 206C
having a larger taper angle than in the first and second shapes

iz obhtained.

The TaN film gate electrode layver is hardly etched at
all and remains prasent, but the TaN £film that becomes axposed
as the W film 1is etched in the channel length directlon 1s
gradually etched £rom its 'éagﬁ and assumes a third shape 905C

having an extremely small taper angle of less than 5%,

At this time, the part of the second shapa gate insulating
f1im 904B positioned outside the TaN £1lm gate electrode layer
is etched by 37.3, and a third shape gate insulating £1lm 904C
1s formed. As a result of the etching carried out so far the
gate lnsulating f£1llm has been etched by 40.5nm.

Whereas in the third preferred embodiment the gate
insulating £1lm was etched by about 64.4nm in the first, second
and third etchings, in this preferred embodiment, by using
8F:. 1t was possible to reduce the amount by which the gate
insulating £1ilm 1s atched by about 42%.

Next, a third doplng is carried out. Using the third
shape gate electrode layer 906C as a mask, an impi:rity imparting
the n type is doped through the gate elactrode layer %05C into
the part of the semlconductor layer 909 which does not overlap

wlkth the W film gate slectrode layer but does overlap with
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the TaN £ilm 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. 1In
correspondence with that £ilm thickness distribution, a slight
distribution also arises in the impurity concentration obtained
in the semlconductor layer as a result of the third doping;
however, this 1s smaller than the difference in the impurity
concentration befween theé Lgsr region and the L,, reglion which
arises in the flrst preferred embodiment.

In thilis prefarred embodiment phosphorus was chosen as
the impurity and doped to a doge of 3.5x10** atoms/cm® with
an acceleratlng voltage of 90kV, whereby an n-type LDD region
909 with an Impurity concentration lower than that of the source
and drain regions 208 iz formed in the semlconductor layer
909.

A fourth dry etching is then carried out. The third
shape gate electrode layer 905C 1s etched to form a fourth
zhape gate alectrode layer 905D,

The edge of the third shape gate electrode layer %05C
has a tapering shape, and by dry etching belng carried out
anisotropleally the third shape TaN £illm gate electrode layer
iz gradually etched f£rom its edge toward the position where
it overlaps wilth the third shape gate electrode layer 906C,

so that the wildth of the fourth shape gate alectrode layer

79



905D thus formed is narrower than that of the third shape gate
electrode layer 905C.

As a regsult 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 posltioned ocutside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an Lere Treglon 910 and an Ly, region 911,

However, because the gate electrode layer 905C 15 a thin
filn.t.('I‘aN £i1lm} having an extremaly small taper angle, 1f etching
conditions which result in a high etching rate are used therse
is a posslbllity of the gate electrode layer 905C belng etched
away entirely.

In thig preferred embodiment the fourth dry atching was
carried out using a parallel f£lat plate type RIE dry etching
apparatus and with a chamber prassure of 6.7Pa, an RF power
of 800W, and a 35scem flow of CHF as the etching gas.

At this time almoest all of the gate insulating £11lm 204C
which d1d not overlap with the third shape gate electrode layar
905C As etched in the fourth dry etching., but even 1f this
gate insulating £ilm 1s etched through completely this does
not ¢onstitute a problem in the manufacture of the semlconductor
device. Thea reason for this iz that because CHF; is belng used
as the etchlng gas the gate ins=zulating f£ilm can be etched
selectively with respect to the semiconductor layer (silicon}.

And because also when a contact hole for connecting an
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intermedliate interconnection with the semliconductor layver is
formed, 1n the etching of the slllcon oxide nitride film which
is the first interlayer insulating £ilm in the first preferred
embodiment, condltions can be used, such as CHPF;, such that
silicon oxide nitride £ilm is etched selectively.

When in this kind of atchingwith CHF; there 12 insufflclent
etching of the TaN film, etching may be carried out for 5 to
20 seconds using an etching gas of Cl,, CF,, and O; to pre~atch
the TaN f£ilm bafore the etching with CHF; 1z carrled out.

And 5Fs can be used instead of CF,.

After the fourth dry etching the photoresist %07 1z
removad,

Byusingthismethod it was possible toformagateelectrode
of the same shape as in the third preferred embodiment, and
the amount by which the gate insulating £1ilm had been etched
at the end of the third dry etching was kept down to 40.5nm,

Although here the description has been given using the
example of a gate electrode structure having tantalum nitride
ag a lower layer and tungsten as an upper Layer, the gate structure
1s not limited to this, and layerg consisting of any alements
selected from among tungsten, tantalum, titanium, molybdenum,
silver and copper and so on, or nitrides having these elements
as constituents, or alloys combining elements among these may
be suitahly saelected.

By using the present invention it is possible to fabricate
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self-aligningly a TFT having a GOLP structure and to reduce
the number of masks and the number of manufacturing steps neaded
tomake this kind of TFT. The charactaristics of a semiconductor
device having this TF?T are improved: its manufacturing cost
is reduced:; the time needed to manufacture the devilice can be

shortened; and yleld 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 structursa

uging only five masks.

Fifth Preferred Embodiment

A TFT formed by implementing Embediment 1 or 2 mentloned
above iz utilized for varioug elactro-optical devices (active
matrix Ligquld crystal display, activematrix BEL display, active
matrix EC dilsplay). HNamely, the present invention can be
applied to all of elactronic equipments incorporating the
elactro-optical device in its display portion.

The following can be given as examples of such electronlc
equipments: a wvideo camera; a digital camera; a projector;
a head mounted display (a goggle type display); a car navigation
gystem:; a car audlo system; a perscenal computer:; a portabla
information terminal (such as a moblle computer, a mobile
telephone, oranelectronicbook). Examplesof thoseelectronilc
egqulipments are shown in Figs. 10, 11 and 12.

Fig. 10A illustrates a personal computer which includes
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amain body 2001, an lmage input portion 2002, a display portion
2003, a key hoard 2004, or the like. The prasent invention
can be applled to the display portion 2003.

Fig. 108 1llustrates a video camera which includes a main
body 2101, a display portion 2102, an audlo lnput portion 2103,
operation switches 2104, a battery 2105, an image recelving
portion 2106, or the 11ke. The preaent tnvention can be applied
to the display portion 2102.

Fig. 10C illustrates a mobille computer which includes
a main body 2201, a camera section 2202, an image receaiving
sectlon 2203, operatilon swiltches 2204, a display portion 2205,
ar the like, The present invention ¢anbe applied to the display
portion 2205.

Fig. 10D illustrates a goggle type display which includes
a maln body 2301, a display portion 2302, and an arm section
2303. "The present invention can be applled to the display
portion 2302.

Fig. 10F illustrates a player using a recording medium
which records a program (herelnafter referred to as a recording
medium) and includes a maln body 2401, a display portion 2402,
a speakar section 2403, a recordlng medlium 2404, and operation
switches 2405, This playver uses DVD (digital versatile disc}),
CD, etc. for the recording medium, and can be used for muslc
appracliation, £11m appreciation, games and Internet. The

present lnvention can be applied to the diasplay portion 2402.
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Fig. 10F 1llustrates a digital camera which includes a
main hody 2501, a display portion 2502, a view finder portion
2503, operation switches 2504, and an image receiving section
{not shown in the figure). The prasent invention can be applied
te the display portlion 2502.

¥Flg. 1l1A is a front type projector which includes a
projectiondevice 2601 and a screen 2602. The present tnvention
can be applied to the liguld crystal display device 2808 which
comprilses one portion of the projection device 2601 and other
driving clrculits.

Fig. 11B 1s a reaxr type projector which includes a mailn
hedy 2701, a projection device 2702, a mirror 2703, and a
screen 2704. The present Invention can be applied to the liguid
erystal display device 2808 which comprises one portion of
the projectlon device 2702 and other driving circults.

Fig. 11C is a dlagramwhich shows an example of the structure
of the proljection devices 2601 and 2702 of Fligs. 11A and 11B.
The projection devices 2601 and 2702 comprise: an optical light
Sourcs gystem 2801; mirrors 2802 and 2804 to 2806; a dichrole
mirror 2803; a prism 2807; a liquid crystal display device
2808; a phase differentiating plate 2809%: and a projection
optical system 2810Q. The projection optical system 2810
comprises a plurality of optical lenses having a projection
lens. Though the present embodiment shows an example of 3-plate

type, the present invention is not limited to this example

34



and a single plate type may be used for instance. Further,
an operator may appropriately dispose an optlcal lens, a £1ilm
which has a function to pelarize light, a £ilm which adjusts
a phase difference and an IR £ilm, etce in the optical path
shown by an arrow 1in Fig. 11¢.

Fig. 11D 13 a dliagram showlng an example of a structure
of the optical light source system 2801 of Filg. 11C. In the
prezent embodiment the optical light source sgystem 2801
comprises: a reflector 2B811; a light source 281%: lens arrays
2813 and 2814; a polarizer converslon element 2815; and a
condenser lens 2816. Note that the optilcal light gsource system
shown 1n Fig. 11D is merely an example and the structure is
not limited to this example. For instance, an operator may
approprlately dispose an optical lens, a f£film whlch has a
function to polarize light, a film which adjusts a phase
difference and an IR film, etc.

IntheprojectorshowninFig. 11, acasawhereatransmisgion
type electro-optical device i1sused 1s degeribed and a reflection
type electro-optical device and an EL display devige ars not
described.

Fig. 12A is a portable telephone which inciludes a main
bady 2901, a volce output portion 2902, a voice input portiocn
2903, a display portion 2904, operation switches 2905, and
an antenna 2906. The present invention can be appliaed to the

display portion 2%04.



Flg. 12B is a portable electronic book which includes
a maln body 3001, dlsplay portions 3002 and 3003, a memory
madium 3004, an operatlion switch 3005 and an antenna 3006.
The present invention can be applied to the diéplay portions

3002 and 3003.

Fig. 12C 1s a display which includezs a main body 3101,
a support ztand 3102, and a display portlion 3103, ete. The
present invention can be applied to the display portion 3103.
The display of the present inventlion iz advantageous fgr a
large size screen in particular, such as a display equal to
or greater than 10 inches (especlally egual to or greater than
30 inches) 1n the opposlte angle.

As mentloned above, the application range of the present
Inventlon 1s extremely wide, and the invention can be appliled
to electronic equipments Jin all fields. Further, any
cengtlitution of the electronic egquipments shown in Embodiment
1 or 2 may be emnployed in Embodiment 5.

In the present 1nvent10h, the light-shielding portion
iz formed from a lamination £ilm conslsting of twoe layers of
the colored layers R + B or R + G). As a result, according
to the present invention, a gtep of forming a black matrix

can be omitted.
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WHAT IS CLAIMED IS:

1. A method 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 fim, the method
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 layver and
a second conducting layer having at its edge a taper angle larger than a taper angle at the

edge of the first conducting layer,

2. A method according to claim 1, wherein the edge of the semiconducter layer

has a tapering shape.

3. A method according to ¢laim 1, wherein the width of the second conducting

layer is narrower than the width 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 fluoring-based gas or a chlorine-
based gas and a fluorine-based gas and Q; and then carrying out dry etching using a chlorine-

hased gas and a fluorine-based gas and Q.

5. A method accaording to claim 4, wherein the chiorine-based gas is a gas

selected from the group consisting of Cl,, BCL,, SICH, and CCl,.

&, A method according to claim 4, wherein the fluorine-based gas is a gas

selected from the group consisting of CF,, 5Fg and NF..

7. A semiconductor 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 a layered structure comprising a first conducting layer
constituting a lower layer and a second conducting layer constituting an upper layer and having
its edge a taper angle larger than a taper angle at the edge of the first conducting layer, and

87



10

16

20

30

35

wherein the semiconductor layer has a channel-forming region overtapping with the
second conducting fayer, and has an LDD region overlapping with the first conducting layer,

and has a source region and has a drafn region.

8. A device according to claim 7, wherein the edge of the semiconductor layer

has a tapering shape.

9. A device according to claim 7, where in the edge of the semiconductor layer is
covered by an insutaling 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 electrade 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
at its edge a taper angle larger than a taper angle at the edge of the first conducting layer, and

wherein the semiconductor layer has a channel-forming region overlapping with the
second conducting layer, and has an LDD region overtapping with the first conducting layer,

and has a source region and has a drain region.

12, A projector according to claim 11, wherein the projector is a front type
projector.

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 the semiconductor layer: and

a gate electrode provided over the insulating film,

wherein the gate electrode has fayered 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 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.

15, A portable information terminal according fo claim 14, wherein the information
terminal is selected from the group consisting of a mobile telephone, 2 mobile computer, or an

elactronic book.
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