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[57]

A LDD MOS transistor having a small fringe capacitance is
fabricated by the steps of forming, lightly-doped source and
drain regions by introducing impurities into a semiconductor
substrate by using gate electrode as a mask, forming a pair
of sidewall spacers above side surfaces of the gate electrode,
forming heavily doped source and drain regions by an ion
implantation method using the pair of sidewall spacers as a
mask, removing the pair of sidewall spacers, and forming a
pair of new sidewall spacers having a dielectric constant
lower than that of silicon oxide above the side surface of the
gate electrode, including the use of polyimide or boron
nitride as the spacer material.

ABSTRACT

10 Claims, 4 Drawing Sheets
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METHOD FOR FABRICATING AN
INSULATING GATE FIELD EFFECT
TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for fabricating
an insulating gate field effect transistor such as an MOS
transistor suppressing the so-called short channel effect.

2. Description of the Related Art

As one of means for improving the performance of an
MOS transistor, it is well known to make the channel length
thereof short. In accordance with shortening in channel
length, however, the electric field applied near the drain
region of the transistor becomes stronger because of an
abrupt impurity profile thereof. In order to reduce the
electric field, therefor, such an MOS transistor that has a
lightly doped drain (LDD) structure have been proposed and
put into practical use.

Referring to FIGS. 3(a) to 3(c), such an LDD transistor is
fabricated as follows:

First, a field oxide film 202 and a gate oxide film 203 are
formed by the thermal oxidation of an element isolation
region and an element formation region, respectively, of a
P-type silicon substrate 201 having an impurity concentra-
tion of about 10" cm™>. After implantation of boron ions for
threshold voltage adjustment under conditions of, for
example, 35 keV and 4x10'? cm™2, a 300 nm-thick poly-
crystalline silicon film is formed over the entire surface by
the chemical vapor deposition (CVD) method and then
diffused with phosphorus impurities, followed by patterning
to form a gate electrode 204. Phosphorus ions are implanted
at, for example, 20 keV and 7x10*® cmi 2 in a self-alignment
manner with the gate electrode 204 and the field oxide film
202 to form N -type lightly-doped layers 205a and 205b
having an impurity concentration of about 10'® cm™. A
silicon oxide film 206 with thickness of about 150 nm is then
formed allover the surface by the CVD method (FIG. 3(a)).

Next, as shown in FIG. 3(b), the silicon oxide film 206 is
etched back by the anisotropic reactive ion etching (RIE)
method to leave and thus form silicon sidewall spacers 206a
on the both side of the gate electrode 204. Arsenic ions are
implanted at, for example, 70 keV and 3x10*° cm™ in a
self-alignment manner with the silicon oxide spacers 206a,
the gate electrode 204 and the field oxide fitm 202 to thereby
form highly-doped N*-type diffused layers 207a and 207b
having an impurity concentration of about 1x10'® cm™ In
this way, a source region 208 consisting of the N™-type
diffused layer 205a and the N™-type diffused layer 207a, and
a drain region 209 consisting of the N -type diffused layer
205b and the N™-type diffused layer 207b, are formed.

Following that, as shown in FIG. 3(c), a silicon oxide film
210 with thickness of about 100 nm is formed on the entire
surface by the CVD method. Then, a BPSG film with
thickness of about 700 nm is formed on the entire surface by
a atmospheric pressure chemical vapor deposition (APCVD)
which uses tetraethoxysilane (Si(OC,Hs),; TEOS) gas,
ozone {O,) gas, trimethylphosphate (PO(OCH,);; TMP)
gas, and trimethylborate (B(OCH,);; TMB) gas as source
gases and further a spin-on-glass (SOG) film (not shown) is
formed on the entire surface. The silicon oxide film is etched
back until the SOG film is removed completely to thereby
form a BPSG film 211 having a flat top surface. Contact
openings which reach respectively the source region 208 and
the drain region 209 are formed by RIE by sequential
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etching of the BPSG film 211 and the silicon oxide film 210.
A titanium film 212 with thickness of about 60 nm and a
titanium nitride film 213 with thickness of about 100 nm are
formed on the entire surface by sputtering and reactive
sputtering, respectively. Further, the surface is blanketed
with a tungsten film having a thickness of about 500 nm, and
the tungsten film is etched back leaving a tungsten film 214
within the contact openings. Then, an aluminum film 215
with thickness of, for example, about 500 nm is formed by
sputtering and then patterned to form metallic wirings each
composed of the aluminum film 215, the titanium nitride
film 213 and the titanium film 212. Next, an inter-layer
insulating film 216 is formed on the entire surface. Thus, the
LDD MOS transistor is derived.

Although the LDD MOS transistor presents an improved
performance, in order to further enhance the device perfor-
mance, the reduction in the parasitic or stray capacity of the
MOS transistor itself becomes also important. The MOS
transistor inherently has the stray capacitances between the
gate and channel and between the gate and source/drain. In
the LDD structure, however, each of the gate length (L) and
the gate width (W) is reduced and further the lightly-doped
regions 205 is suppressed to extend laterally. Therefore, the
overlap capacitance between the gate electrode and the
channel region is decreased.

However, the decrease in the overlap capacitance causes
in turn the rate of the so-called fringe capacitance to
increase. The fringe capacitance is formed between the gate
electrode and the source/drain region due to the fringe
electric fields between the sides of the gate electrode and the
source/drain region. That is, the fringe capacitance becomes
in turn one of major factors influencing the operating speed
of the transistor.

For example, in the transistor shown in FIG. 3, the fringe
capacity between the gate electrode and the drain region is
about 1.24 {F, for L=0.5 pm and W=10 pm. When this
transistor is employed to constitute a CMOS inverter
together with a P-channel transistor with L=0.5 pym and
W=15 pm, the delay time of the inverter becomes the order
of 100 ps.

In order to reduce the fringe capacitance, therefore, it may
be considered that the inter-layer insulating film 211 is
replaced with a polyimide film having a low dielectric
constant. In this case, however, the polyimide layer gener-
ates an organic gas upon sputting the metal film 212, so that
many voids in the metal layer.

It may be further considered that the silicon oxide side
spacer 206 is replaced with a low dielectric film such as
polyimide. In that case, a polyimide film is deposited over
the entire surface in place of the oxide film 206 and then
etched back to form a polyimide side spacer, followed by
forming the regions 207a and 207b. However, the polyimide
space hardly operates as a mask for selective ion-implanta-
tion, so that undesirably large highly-doped regions are
formed. Moreover, it is not easy to control the width of the
polyimide spacer.

SUMMARY OF THE INVENTION

Therefore, an object of this invention is to provide an
improved method for fabricating an MOS transistor having
a low fringe capacitance.

It is another object of the present invention to provide a
method for fabricating an MOS transistor with lowered stray
or parasitic capacitance in both overlapping and fringe
capacitances.
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A method of fabricating a transistor according to this
invention is characterized in that side spacers used as a mask
for forming highly-doped regions by ion-implantation is
removed and thereafter a low dielectric insulation layer such
as polyimide or boron nitride is deposited over the entire
surface and then etched back to form new side spacers made
of the low dielectric layer.

With the above-featured method, the highly-doped
regions are formed in a desired pattem and the fringe
capacitance is lowered by the new side spacers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other objects, features, and
advantages of this invention will become more apparent by
reference to the following detailed description of the inven-
tion taken in conjunction with the accompanying drawings,
wherein:

FIG. 1(a) to FIG. 1(f) are the cross sectional views
illustrative of respective steps of a method according to first
embodiment of the invention;

FIG. 2 is a sectional view illustrate of a MOD transistor
fabricated by a method according to second embodiment of
the invention; and

FIG. 3(a) to FIG. 3(c) are the sectional views illustrative
of respective steps of a method according to the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 1, in the first step as shown FIG.
1(a) of a method according to the first embodiment of this
invention, a P-type silicon substrate is first selectively oxi-
dized by the so-called LOCOS process to form a field oxide
film 102. This film 102 is formed on an element isolation
region of the substrate 101 surrounding an element forma-
tion regions thereof. The substrate has an impiurity concen-
tration of about 10'® cm™. The element formation region is
then thermal-oxidized to form a gate oxide film 103. The
implantation of boron ions is carried out for threshold
voltage adjustment under the conditions of, for example, 35
keV and 4x10'2 cm™>. A 300 nm-thick polycrystalline
silicon film is then formed over the entire surface by the
CVD method and diffused with phosphorus impurities,
followed by patterning to form a gate electrode 104. Then,
lightly doped layers 105z and 105b having an impurity
concentration of about 10'® ¢cm™ are formed by an phos-
phorus implantation at, for example, 20 keV and 7x10'3
cm 2 in a self-alignment manner with the gate electrode 104
and the field oxide film 102. A silicon oxide film 126 with
thickness of about 10 nm and a silicon nitride film 136 with
thickness of about 10 nm are then formed sequentially on the
entire surface by the low pressure chemical vapor deposition
(LPCVD). These films have an excellent step coverage and
give only a slight damage to the silicon substrate 101.

Next, a silicon oxide film (not shown) with thickness of
about 150 nm is formed on the entire surface by the LPCVD
or the plasma-enhanced CVD (PECVD). Next, as shown in
FIG. 1(b), silicon oxide sidewall spacers 106 as first spacers
are formed on the both side faces of the gate electrode by
etching back the silicon oxide film by the RIE at the pressure
of 7 Pa and the RF power of 600 W using 50 sccm
trifluoromethane (CHF;) gas and 150 sccm carbon monox-
ide (CO) gas. In this etching back, the selectivity ratio for the
etching of the silicon oxide film to the silicon nitride film is
high (about 5), so that the silicon nitride film 136 functions
as an etching stopper. Further, the silicon oxide film 126 has
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the function of relaxing the stress of the silicon nitride film
136 at the part covering the gate electrode 104.

Following that, arsenic ions are implantation at, for
example, 70 keV and 3x10'° em2 in a self-alignment
manner with the silicon oxide spacers 106, the silicon oxide
film 126 and the silicon nitride film 136, the gate electrode
104, and the field oxide film 102 to thereby form highly-
doped N*-type layers 107a and 107b having an impurity
concentration of about 1X10'® cm™>. In this way, the N_-type
diffused layer 1054 and the N™-type diffused layer 107a
constitutes a source region, and the N™-type diffused layer
1055 and the N*-type diffused layer 1075 constitutes a drain
region.

Next, the silicon oxide spacers 106 are selectively
removed by an isotropic etching using, for example, buff-
ered hydrofluoric acid. In this case, the silicon nitride film
136 functions also as an etching stopper. Therefore, no
damages are applied to the gate oxide film 103. Following
that, a polyimide film 146 having a thickness of about 200
nm is formed on the entire surface by a spin coating then it
is heated at 400° C. for 30 min. (FIG. 1(c)) .

Next, the polyimide film 146 is etched back by an oxygen
plasma to form the polyimide sidewall spacers 146a. At this
time, the silicon nitride film 136 serves as an etching stopper.
Although the maximum width of the polyimide sidewall
spacer which covers over the source region 108 and the drain
region 109 depends on the controllability of this etching, it
is possible to restrict its width within the range of 200450
nm (FIG. 1(d)) .

Next, a second silicon nitride film 190 with thickness of
about 10 nm is formed by PECVD using monosilane (SiH,)
gas and ammonia (NH;) gas as a source gas at a temperature
below 500° C. to protect the highly hygroscopic polyimide
spacers 146a. Subsequently, a BPSG film with thickness of
about 700 nm is formed on the entire surface at a tempera-
ture below 500° C. by the APCVD using, for example,
TEOS gas, ozone gas, TMP gas, and TMB gas as the source
gases, and further an SOG film (not shown) is formed on the
entire surface. The SOG and BPSG films are then etched
back until the SOG film is removed completely, so that a
BPSG film 110A with flat top surface is formed as an
inter-layer insulating film (FIG. 1(e)).

Next, contact openings reaching the respective parts of
the source region 108 and the drain region 109 are formed
by RIE by sequentially etching the insulating layer 110A, the
silicon nitride film 136, the silicon oxide film 126, and the
gate oxide film 103. Then, a titanium film 112 with thickness
of about 60 nm and a titanium nitride film 113 with thickness
of about 100 nm are formed on the entire surface by a
sputtering and a reactive sputtering, respectively. Further, a
tungsten is deposited on the entire surface to form a blanket
tungsten film with thickness of about 500 nm. This blanket
tungsten film is then etched back to thereby form tungsten
plugs 114 filling the respective the contact openings. Then,
for example, an aluminum film, an aluminum alloy layer
such as Al—Si, A1—Si—Cu, Al—Ge or the like, or a copper
film with thickness of about 500 nm is formed by a sput-
tering and then patterned to form metallic wirings each
composed of the aluminum film 115, the titanium nitride
film 113, and the titanium film 112. Next, as inter-layer film
116 is further formed on the entire surface FIG. 1(f). Thus,
the LDD transistor is derived.

A significant difference of the first embodiment from the
conventional LDD transistor is the presence of the polyim-
ide sidewall spacers 146a in place of the silicon oxide
sidewall spacers. Because of this, in a case of the field-effect
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transistors of L=0.5 pym and W=10 pm, by formed by the
method mentioned above the fiuctuations in the transistor
characteristics themselves are made small even when the
maximum fluctuation width of the polyimide spacers is
taken into consideration. The fringe capacity between the
gate electrode and the drain region is smaller about 15% than
that of the conventional LDD transistor as shown in FIG.
3(c). When this transistor is employed to constitute a CMOS
inverter together with a P-channel transistor with L=0.5 um
and W=15 pm, the delay time of the inverter is reduced by
about 10% compared with the conventional LDD transistor.

Tuming to FIG. 2, there is shown an LDD transistor
according to the second embodiment of this invention in
which the same constituents as those shown in FIG. 1 are
denoted by the same reference numerals to omit the further
description thereof. In this embodiment, boron nitride spac-
ers 156 are employed in place of the polyimide sidewall
spacers 146 as shown in FIG. 1. Further an undoped silicon
oxide film 110B is employed in place of the BPSG film.

The formation of the boron nitride spacers 156 is done in
the following way. Up to the steps of the formation of the
N~-type higher doped layers 107a and 107b and the removal
of the first sidewall spacers composed of a silicon oxide film,
this embodiment follows the same method as in the first
embodiment. Then, a boron nitride film with thickness of
about 200 nm is formed by the PECVD using diboron
(B,H,) gas and ammonia gas as the source gases. Subse-
quently, boron nitride spacers 156 with width of about 200
nm are formed by etching back the boron nitride film by an
RIE using boron trichloride (BCl,) gas as the etching gas.
Note that the embodiment does not have the silicon nitride
film 190 as shown in FIG. 1.

The reason for constructing the insulating film layer 110B
by an undoped silicon oxide film, is to avoid an increase in
the relative dielectric constant (3.4) of the boron nitride
spacers 156 due to diffusion of the phosphorus impurity
from the BPSG film into the boron nitride spacers 156.

In a case of L=0.5 pm and W=10 pm, the fringe capacity
between the gate electrode and the drain region is smaller
about 10% than that of the conventional LDD transistor.
When this transistor is employed to construct a CMOS
inverter together with a P-channel transistor with L=0.5 ym
and W=15 pm, the delay time is reduced by about 7%. In
comparison to the case of the first embodiment, both the
degree of reduction in the fringe capacity and the degree of
reduction in t,, of the CMOS inverter are smaller. However,
the adoption of this embodiment has another effect in that
the nonuniformity in the fringe capacity becomes extremely
small due to the fact that the width of the boron nitride
spacers 156 can be formed with a high precise dimensions.

Analogous to the case of the first embodiment, this
embodiment can also be applied to a P-channel field-effect
transistor.

As described in the above, in this invention, the first
spacers consisting of the silicon oxide film are used as the
mask of ion implantation to form the source and the drain
regions and removed after the implantation, and the second
spacers consisting of an insulating material having a relative
dielectric sonstant smaller than that of silicon oxide are
formed over the side faces of the gate electrode. Because of
this, there are obtained field effect transistors with no
fluctuations in the transistor characteristics, and has a small
fringe capacity as a result of adoption of this invention.

Although the invention has been described with reference
to specific embodiments, this description is not meant to be
construed in a limiting sense. Various modifications of the
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disclosed embodiments, as well as other embodiments of the
invention, will become apparent to persons skilled in the art
upon reference to the description of the invention. It is
therefore contemplated that the described claims will cover
any modifications of embodiments as fall within the true
scope of the invention.

What is claimed is:

1. A method for fabricating a field effect transistor com-
prising the steps of:

forming a gate insulating film on a semiconductor sub-

strate;

forming a gate electrode on said gate insulating film, said
gate electrode having a top surface and a pair of side
surfaces;

forming lightly-doped source and drain regions in said
semiconductor substrate by introducing impurities into
said semiconductor substrate by using said gate elec-
trode as a mask;

covering said gate electrode with a first insulating film,
said first insulating film thereby having a first portion
on said top surface of said gate electrode and second
and third portions respectively on said pair of side
surfaces of said gate electrode,

forming first and second sidewall spacers respectively on
said second and third portions of said first insulating
film;

forming heavily-doped source and drain regions into said
semiconductor substrate by introducing impurities into
said semiconductor substrate by using said first and
second sidewall spacers, said first insulating film and
said gate electrode as a mask;

subjecting said first and second sidewall spacers to an
etchant to remove said first and second sidewall spac-
ers, said first insulating film protecting said gate insu-
lating film against said etchant; and

forming third and fourth sidewall spacers respectively on
said second and third portions of said first insulating
film, each of said third and fourth sidewall spacers
having a dielectric constant lower than that of a silicon
oxide film.
2. The method as claimed in claim 1, wherein each of said
third and fourth sidewall spacers is made of polyimide.
3. The method as claimed in claim 2, further comprising
a step of forming a second insulating film on said third and
fourth sidewall spacers to protect said third and fourth
sidewall spacers.
4. The method as claimed in claim 3, wherein said second
insulating film is a silicon nitride film.
5. The method as claimed in claim 1, wherein each of said
third and fourth sidewall spacers is made of boron nitride.
6. The method as claimed in claim 5, further comprising
a step for an inter-layer insulating film to cover said third and
fourth sidewall spacers and said first insulating film, said
inter-layer insulating film being an undoped silicon oxide
film.
7. A method for fabricating a field effect transistor com-
prising the steps of:
forming a gate insulating film on a semiconductor sub-
strate;

forming a gate electrode on said gate insulating film, said
gate electrode having a top surface and a pair of side
surfaces;

forming lightly-doped source and drain regions by intro-
ducing impurities into said semiconductor substrate by
using said gate electrode as a mask;
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covering said gate electrode with a first insulating film,
said first insulating film thereby having a first portion
on said top surface of said gate electrode and second
and third portions respectively on said pair of side
surfaces of said gate electrode, said first insulating film
including a first silicon oxide film and a first silicon
nitride film formed on said first silicon oxide film;

forming first and second silicon oxide sidwall spacers
respectively on said second and third portions of said
first insulating film;

forming heavily-doped source and drain regions by intro-
ducing impurities into said semiconductor substrate by
using said first and second silicon oxide sidewall spac-
ers, said first insulating film and said gate electrode as
a mask;

removing said first and second sidewall spacers while
protecting said first silicon oxide film in said first
insulating film and said gate insulating film by said first
silicon nitride film in said first insulating film;

forming first and second polyimide sidewall spacers on
said second and third portions of said first insulating
film; '

covering said first and second polyimide sidewall spacers
with a second silicon nitride film;

forming an inter-layer insulating layer on said second
silicon nitride film. ‘

8. The method as claimed in claim 7, wherein said

inter-layer insulating layer is a boron-phosphor silicate

glass.

9. A method for fabricating a field effect transistor com-

prising the steps of:

forming a gate insulating film on a semiconductor sub-
strate;

forming a gate electrode on said gate insulating layer, said
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gate electrode having a top surface and a pair of side
surfaces;

forming lightly-doped source and drain regions by intro-
ducing impurities into said semiconductor substrate by
using gate electrode as a mask;

covering said gate electrode with a first insulating film,
said first insulating film thereby having a first portion
on said top surface of said gate electrode and second
and third portions respectively on said pair of side
surfaces of said gate electrode, said first insulating film
including a first silicon oxide film and a first silicon
nitride film formed on said first silicon oxide film;

forming first and second silicon oxide sidewall spacers
respectively on said second and third portions of said
first insulating film;

forming heavily-doped source and drain regions by intro-
ducing impurities into said semiconductor substrate by
using said first and second silicon oxide sidewall spac-
ers, said first insulating film and said gate electrode as
a mask; '

removing said first and second sidewall spacers while
protecting said first silicon oxide film in said first
insulating film and said gate insulating film by said first
silicon nitrode film in said first insulating film;

forming first and second boron nitride sidewall spacers on
said second and third portions of said first insulating
film; and

forming an inter-layer insulating layer on said first and
second boron nitride sidewall spacers and said first
insulating film.

10. The method as claimed in claim 9, said inter-layer

insulating film is an undoped silicon oxide.
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