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1
ELECTRO-STATIC DISCHARGE
PROTECTION DEVICE, SEMICONDUCTOR
DEVICE, AND METHOD FOR
MANUFACTURING ELECTRO-STATIC
DISCHARGE PROTECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of application Ser. No.
12/034,173, now U.S. Pat. No. 8,354,723, filed on Feb. 20,
2008, which is based upon and claims the benefit of priority
from the prior Japanese Patent Application No. 2007-039703,
filed on Feb. 20, 2007, the entire contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field

The present disclosure relates to a semiconductor device,
and more specifically, to a semiconductor device including an
electro-static discharge protection device.

2. Description of the Related Art

A typical semiconductor device includes an electro-static
discharge (ESD) protection circuit to protect semiconductor
elements from an external ESD surge. The formation of'a p*
diffusion region in a drain region at a deep portion of a
substrate is known as a method for enhancing ESD robustness
of an electro-static discharge element in an ESD protection
circuit. In this known example, however, the AC characteris-
tics vary during normal operation of an 10 cell depending on
the accuracy of the p* diffusion region formation process.
Accordingly, there is a demand for an ESD protection circuit
having fixed AC characteristics and increased ESD.

In a prior art semiconductor device, a single gate electro-
static discharge element is used to protect an input/output
circuit from electro-static discharge. FIGS. 1 to 3 show a
semiconductor device including an ESD-protection-driver
circuit employing the single gate electro-static discharge ele-
ment of the prior art.

As shown in FIG. 1, a semiconductor device 100 includes
an input/output pad 110 coupled to an internal circuit 120 by
wiring W10. The input/output pad 110 is also coupled to an
ESD-protection-driver circuit 130 by the wiring W10. The
ESD protection circuit/drive circuit 130 includes a plurality
of single gate electro-static discharge elements M10 that are
coupled in parallel to one another. Each electro-static dis-
charge element M10 includes a ballast resistor R and an
N-channel MOS transistor T10, which is coupled in series
with the ballast resistor R.

Referring to FIG. 2, the single gate electro-static discharge
element M10 includes a gate electrode 142 arranged on a
substrate 140 of p~ silicon or the like by way of a gate
oxidation film. A source region 145S and a drain region 145D
including n* diffusion regions are formed in the substrate 140
with the gate electrode 142 located in between. A source
electrode 150 and a drain electrode 151 including silicide
layers are respectively formed on the surfaces of the source
region 145S and the drain region 145D. The drain electrode
151 is spaced apart from the gate electrode 142. A silicide
block region 152, which does not include a silicide layer, is
formed between the drain electrode 151 and the gate electrode
142. The silicide block region 152 serves as the ballast resis-
tor R.

As shown in FIG. 3, the drain electrode 151 of each tran-
sistor T10 is coupled to metal wiring W1 through contact
holes H1. The metal wiring W1 is coupled to the input/output
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pad 110. The source electrode 150 of each transistor T10
shown in FIG. 2 is coupled to metal wiring W2 through
contact holes H2 as shown in FIG. 3. A ground potential Vss
is applied to the metal wiring W2. The gate electrode 142 of
each transistor T10 of FIG. 2 is coupled to metal wiring W3
through a contact hole H3 in FIG. 3. A gate voltage Vg is
applied to the gate electrodes 142 via the metal wiring W3.
The wiring of the gate voltage Vg may be coupled to the
wiring of the ground potential Vss or an output terminal of a
pre-bufter.

A case in which an ESD surge having a positive polarity is
applied to the input/output pad 110 of FIG. 2 will now be
discussed. In this case, the potential at the drain region 145D
of'the transistor T10 rises and causes an avalanche breakdown
at the pn junction surface of the drain region 145D and the p~
diffusion region of the substrate 140. This forms a pair of
electron holes in the pn junction surface. The positive holes
move into the substrate 140 and causes a flow of discharge
current Ibhl. The discharge current Ibh1 raises the substrate
potential. As a result, a parasitic bipolar transistor Tp1 includ-
ing the p~ diffusion region, the source region 1458, and the
drain region 145D becomes electrically conductive in the
substrate 140. When the parasitic bipolar transistor Tpl
becomes electrically conductive, a large current (arrow C in
FIG. 2) flows between the drain region 145D and the source
region 145S. As a result, the ESD surge applied to the input/
output pad 110 is released into the wiring of the ground
potential Vss to prevent the application of an ESD surge
having positive polarity to the internal circuit 120. Further-
more, the potential at a common node does not significantly
decrease due to the ballast resistor R even if one of the
plurality of single gate electro-static discharge elements M10
becomes electrically conductive first. This prevents the cur-
rent indicated by arrow C from concentrating at the single
gate electro-static discharge element M10 that first becomes
electrically conductive. Accordingly, when an ESD occurs in
the ESD-protection-driver circuit 130, the parasitic bipolar
transistor Tpl becomes electrically conductive in all of the
single gate electro-static discharge elements M10 that are
coupled in parallel. This enables efficient discharging.

In this manner, the ESD robustness of the single gate elec-
tro-static discharge element M10 is increased by the silicide
block region 152, that is, the ballast resistor R. However, the
parasitic bipolar transistor Tp1 does not become electrically
conductive until high voltage is applied to the single gate
electro-static discharge element M10. This may result in the
ESD damaging the internal circuit 120 before the ESD-pro-
tection-driver circuit 130 operates. Thus, there is a demand
for an ESD protection circuit that starts to operate at a lower
voltage.

Japanese Laid-Open Patent Publication No. 2004-15003
describes one example of an ESD protection circuit for solv-
ing such a problem. Such ESD protection circuit includes ap*
diffusion region formed immediately below the drain region
145D of each transistor T10 to partially overlap part of the
drain region 145D in the depthwise direction. The p* diffu-
sion region is formed by injecting boron ion (B*) so that the
impurity concentration of the p+ diffusion region becomes
higher than that of the substrate 140. A depletion layer is
formed in the pn junction surface of the drain region 145D
and the p* diffusion region. This depletion layer is narrower
than a depletion layer that is formed in the pn junction surface
of the drain region 145D and the p~ diffusion region of the
substrate 140. In such a configuration, an avalanche break-
down is likely to occur at the pn junction surface of the drain
region 145D and the p* diffusion region. This lowers the
voltage that starts operation of the parasitic bipolar transistor.
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SUMMARY OF THE INVENTION

One aspect of the present disclosure is an electro-static
discharge protection device including a substrate and a gate
electrode formed on the substrate. A first diffusion region of
a first conductivity type and a second diffusion region of the
first conductivity type are formed in the substrate with the
gate electrode located in between. A first silicide layer is
formed at a local region in a surface of the first diffusion
region. The first silicide layer is electrically coupled to an
electrode pad to which signal voltage is applied. A silicide
block region is formed between the gate electrode and the first
silicide layer. A third diffusion region is formed below the
first silicide layer to partially overlap a lower end of the first
diffusion region. The third diffusion region and the first sili-
cide layer have substantially the same shapes and dimensions
in a lateral direction. The third diffusion region and a portion
below the gate electrode located at the same depth as the third
diffusion region contain impurities of a second conductivity
type that differs from the first conductivity type. The third
diffusion region has an impurity concentration controlled to
be higher than that of the portion below the gate electrode
located at the same depth.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is acircuit diagram of a semiconductor device in the
prior art;

FIG. 2 is a cross-sectional view of the prior art semicon-
ductor device;

FIG. 3 is a plan view of the prior art semiconductor device;

FIG. 4 is a circuit diagram of a semiconductor device
according to a first embodiment;

FIG. 5 is a cross-sectional view of the semiconductor
device according to the first embodiment;

FIG. 6 is a plan view of the semiconductor device accord-
ing to the first embodiment;

FIGS. 7(a) to 7(d) are cross-sectional views illustrating a
process for manufacturing the semiconductor device accord-
ing to the first embodiment;

FIGS. 8(a) to 8(d) are cross-sectional views illustrating a
process for manufacturing a semiconductor device according
to a second embodiment;

FIGS. 9(a) to 9(d) are cross-sectional views illustrating a
process for manufacturing a semiconductor device according
to a third embodiment;

FIG. 10 is a circuit diagram of a semiconductor device
according to a fourth embodiment;

FIG. 11 is a cross-sectional view of the semiconductor
device according to the fourth embodiment;

FIG. 12 is a plan view of the semiconductor device accord-
ing to the fourth embodiment;

FIGS. 13(a) to 13(c) are cross-sectional views illustrating
a process for manufacturing a semiconductor device accord-
ing to the fourth embodiment; and

FIG. 14 is a cross-sectional view of a modified semicon-
ductor device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

It is found that the resistance of the ballast resistor R
increases when the p* diffusion region is formed at the lower
part of the drain region by injecting boron ions as in the ESD
protection circuit of the publication described above. When
the resistance of the ballast resistor R varies, the AC charac-
teristics of the single gate electro-static discharge protection
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4

circuit/driver circuit changes as compared to when there is no
injection of boron ions. This may result in the fabrication of'a
semiconductor device that does not have the desired charac-
teristics. In such a case, circuit designing, which includes a
circuit simulation, must be performed again. This increases
the development cost of the semiconductor device and
extends the development period. The present disclosure pro-
vides an electro-static discharge protection device in which
variations of the resistance of the ballast resistor is sup-
pressed, a semiconductor device including such an electro-
static discharge protection device, and a method for manu-
facturing such an electro-static discharge protection device.

Representative embodiments of the present disclosure will
now be described.

In the embodiment shown in FIGS. 4 to 7, a semiconductor
device 1 includes an input/output pad 10 coupled to an inter-
nal circuit 20 by wiring W10. An ESD-protection-driver cir-
cuit 30 is coupled to a node between the input/output pad 10
and the internal circuit 20. The ESD-protection-driver circuit
30 includes a plurality of single gate electro-static discharge
elements M1 that are coupled in parallel to one another. Each
electro-static discharge element M1 includes a ballast resistor
R and an N-channel MOS transistor T1, which is coupled in
series to the ballast resistor R. The wiring of the gate voltage
Vg may be coupled to the wiring of the ground potential Vss
or the output terminal of a pre-bufter. In this disclosure, the
ESD-protection-driver circuit is also referred to as an electro-
static discharge protection device.

As shown in FIG. 5, each single gate electro-static dis-
charge element M1 of the ESD-protection-driver circuit 30
includes a gate electrode 42 arranged on a substrate 40 of p~
silicon, which is of a second conductivity type, by way of a
gate oxidation film 41. The side surface of the gate electrode
42 is covered by a sidewall 43 formed by a silicon oxidation
film. Lightly doped drain (LDD) regions 44S and 44D are
formed by n~ diffusion regions of a first conductivity type in
the substrate 40 with the gate electrode 42 located therebe-
tween. The LDD regions 44S and 44D are respectively
formed in the substrate 40 at a source formation region S and
a drain formation region D. An n* diffusion region 458 is
formed on the inner side of each LDD region 44S. An n*
diffusion region 45D is formed at the inner side of the LDD
region 44D.

A source electrode 50 and a drain electrode 51 including
silicide layers are formed in the surfaces of the n* diffusion
regions 455 and 45D at the outer side of the sidewall 43. The
source electrode 50 is formed in the entire exposed surface n*
diffusion region 458 that is adjacent to the sidewall 43. The
drain electrode 51 is formed in the surface of the n* diffusion
region 45D spaced apart from the sidewall 43 of each gate
electrode 42. A silicide block region 52, which does not
include a silicide layer, is formed between the drain electrode
51 and the sidewall 43. The silicide block region 52 serves as
the ballast resistor R.

A p™ diffusion region 55 is formed immediately below the
drain electrode 51 in the lower part of the n* diffusion region
45D of the drain formation region D. As shown in FIG. 6, the
p" diffusion region 55 is formed to be as wide as possible in
the drain formation region D at a region excluding the lower
side of the sidewall 43 and the lower side of the silicide block
region 52. In the illustrated example, the p* diffusion region
55 and the drain electrode 51 have substantially the same
shapes and dimensions in the lateral direction. That is, the p*
diffusion region 55 is aligned with the drain electrode 51. As
shown in FIG. 5, the formation depth of the p* diffusion
region 55 is controlled so that the upper part of the p* diffu-
sion region 55 overlaps the lower part of the n* diffusion
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region 45D. Thus, the pn junction surface of the n* diffusion
region 45D and the p* diffusion region 55 exists at a relatively
shallow position that is closer to the surface ofthe substrate 40
than before formation of the p* diffusion region 55. The p*
diffusion region 55 has an impurity concentration controlled
to be higher than that of the substrate 40, more specifically,
below the gate electrode 42 at the same depth. Therefore, a
depletion layer formed in the pn junction surface of the n*
diffusion region 45D and the p* diffusion region 55 is nar-
rower than the depletion layer in the pn junction surface of the
n* diffusion region 45D and the p~ diffusion region of the
substrate 40.

The drain electrode 51 of each transistor T1 is coupled to
metal wiring W1 through contact holes H1 (see FIG. 6), and
the metal wiring W1 is coupled to the input/output pad 10.
The source electrode 50 of each transistor T1 is coupled to
metal wiring W2 through contact holes H2 (see FIG. 6). The
ground potential Vss is applied to the metal wiring W2. As
shown in FIG. 6, the gate electrode 42 of each transistor T1 is
coupled to metal wiring W3 through a contact hole H3. The
gate voltage Vg is applied to the gate electrode 42 via the
metal wiring W3. The wiring of the gate voltage Vg may be
coupled to the wiring of the ground potential Vss or the output
terminal of the pre-buffer.

The operation of the semiconductor device 1 will now be
discussed with reference to FIG. 5.

When ESD surge is applied to the input/output pad 10 of
the semiconductor device 1 due to electro-static discharge
and the like, the potential at the n+ diffusion region 45D of'the
transistor T1 rises, avalanche breakdown occurs at the pn
junction surface of the n+ diffusion region 45D and the p+
diffusion region 55, and a pair of electron holes are formed in
the pn junction surface. The holes move into the substrate 40
and generating a hole current Ibh2. The hole current Ibh2
raises the substrate potential. As a result, a parasitic bipolar
transistor Tpl including the p~ diffusion region in the sub-
strate 40, the n* diffusion region 458, and the n* diffusion
region 45D becomes electrically conductive. Since the nar-
row depletion layer is formed at the pn junction surface of the
n+ diffusion region 45D and the p* diffusion region 55, ava-
lanche breakdown occurs due to low voltage. Therefore, the
parasitic bipolar transistor Tp1 becomes electrically conduc-
tive at a low voltage. When the parasitic bipolar transistor Tp1
becomes electrically conductive, a large current (arrow C of
FIG. 5) flows between the n* diffusion region 45D and the n+
diffusion region 45S. Thus, the ESD surge applied to the
input/output pad 10 is released into the wiring of the ground
potential Vss to prevent the ESD surge from being applied to
the internal circuit 20.

The ESD characteristics of the semiconductor device 1 will
now be discussed. In a state in which the gate length L (see
FIG. 6) was 0.36 um and the gate width W (see FIG. 6) was
360 pm, the withstanding voltage was 280V before the injec-
tion of boron ions in a machine model (MM) test. The inven-
tors have found that the withstanding voltage in the MM test
improves to 360V by injecting boron ions with an energy of
60keV while controlling the dose amount to be 3x10'> cm™2.

A process for manufacturing the semiconductor device 1
will now be described with reference to FIG. 7.

First, referring to FIG. 7(a), shallow trench isolation (STI)
is performed to form an electron isolation insulating film (not
shown). Then, the surface of the substrate 40 is thermally
oxidized to form the gate oxidation film 41 at a thickness of
for example 8 nm. Subsequently, chemical vapor deposition
(CVD) is performed to form a polycrystalline silicon film on
the entire surface of the substrate 40. Photolithography and
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6

etching are then performed to pattern the polycrystalline sili-
con film and form the gate electrode 42.

Referring to FIG. 7(b), the LDD regions 44S and 44D
including n~ diffusion layers are respectively formed in the
source formation region S and the drain formation region D
by injecting arsenic ions (As™) with an energy of 10keV while
controlling the dose amount to 1x10*® cm™ using the gate
electrode 42 as a mask. Subsequently, CVD is performed to
form a silicon oxidation film so that the entire surface has a
thickness of about 130 nm, and anisotropic etching is per-
formed on the silicon oxidation film to form the sidewall 43 of
each gate electrode 42. The n* diffusion regions 45S and 45D
are respectively formed in the source formation region S and
the drain formation region D by injecting the phosphate ions
(P*) with an energy of 15 keV while controlling the dose
amount at 7x10'* cm™ using the gate electrode 42 and the
sidewall 43 as a mask.

Referring to FIG. 7(c), after performing photolithography
to form a film of photoresist P1 on the entire surface, the
photoresist P1 is patterned to a predetermined shape. The p*
diffusion region 55 is formed at the lower part of the exposed
n™* diffusion region 45D by injecting boron ions (B*) with an
energy of 60 keV while controlling the dose amount to 3x10*>
cm™2 using the photoresist P1 patterned to the predetermined
shape as a mask. In this case, the p* diffusion region 55 is
formed to overlap the lower end of the above-lying n* diffu-
sion region 45D in the depthwise direction. After ion injec-
tion, the photoresist P1 is removed, and the impurities
injected into the substrate 40 are activated by performing
rapid thermal annealing (RTA) at 1000° C. for about 10 sec-
onds in a nitrogen atmosphere.

The injection of boron ions is preferably performed in a
state in which a photoresist for covering the internal circuit 20
of the semiconductor device 1 is formed. This prevents an
increase in the junction capacitance of the transistor (not
shown) in the internal circuit 20 of the semiconductor device
1.

As shown in FIG. 7(d), after performing CVD to form a
silicon oxidation film on the entire surface, photolithography
and etching is performed to pattern the silicon oxidation film
and form an oxidation film P2 serving as a silicide block that
covers part of the n* diffusion region 45D and the gate elec-
trode 42. A silicide layer is then formed on the surface of the
n* diffusion regions 45S and 45D that does not include the
oxidation film P2. The silicide layer formed in the surface n*
diffusion region 45S of the formed silicide layer serves as the
source electrode 50, and the silicide layer formed on the
surface of the n* diffusion region 45D at the upper region of
the p™* diffusion region 55 serves as the drain electrode 51. The
contact holes H1 (see FIG. 6) are formed in the upper surface
of'the drain electrode 51, and the drain electrode 51 is coupled
to the input/output pad 10 by the metal wiring W1 formed in
the contact hole H1. The contact holes H2 (see FIG. 6) are
formed in the upper surface ofthe source electrode 50, and the
source electrode 50 is coupled to the wiring of the ground
potential Vss by the metal wiring W2 formed in the contact
holes H2.

The n* diffusion regions 45S and 45D in the present
embodiment may be omitted. In such a case, the p~ diffusion
region 55 is preferably formed immediately below the drain
electrode 51 to contact the n~ diffusion region 44D.

The source electrode 50 may be omitted. In such a case, the
pattern of the oxidation film P2 must be modified so as to
cover the n~ diffusion region 44S of the source formation
region S.

The present embodiment has the advantages described
below.
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(1) The p* diffusion region 55 is formed to overlap the
lower part of the n* diffusion region 45D of the drain forma-
tion region D in the depthwise direction immediately below
the drain electrode 51. Accordingly, the concentration gradi-
ent of the n+ diffusion region 45D formed at the lower part of
the silicide block region 52 does not vary. This prevents the
resistance of the ballast resistor R from varying in an optimal
manner. As a result, the AC characteristics of the single gate
electro-static discharge element (single gate electro-static
discharge protection circuit/drive circuit) M1 are not varied.
Thus, circuit simulation does not need to be performed again
after the injection of boron ions. This reduces the develop-
ment cost and the development time compared to the semi-
conductor device of the prior art.

(2) The patterns of the photoresist P1 and the oxidation film
P2 are set so that the p* diffusion region 55 is formed only
immediately below the drain electrode 51 and as wide as
possible immediately below the drain electrode 51. Gener-
ally, the diffusion of impure ions in the lateral direction from
the edges of the mask increases as the distance of the ion
range becomes longer during the injection of impure ions.
Accordingly, in the present embodiment, the photoresist P1
for forming the p* diffusion region 55 is applied so that the
exposed portion of the drain formation region D is narrower
than the oxidation film P2 for forming the drain electrode 51,
as shown in FIG. 7(d), while taking into consideration the
diffusion of boron ions in the lateral direction. Therefore, the
p* diffusion region 55 does not enter the region immediately
below the silicide block region 52 more than necessary even
if boron ions are diffused in the lateral direction. As a result,
the p* diffusion region 55 and the drain electrode 51 are
formed immediately below the drain electrode 51 with sub-
stantially the same shapes and dimensions in the lateral direc-
tion. Furthermore, the p* diffusion region 55 is formed as
wide as possible immediately below the drain electrode 51.
Thus, the hole current Ibh2 shown in FIG. 5 is supplied to the
substrate 40 with a low voltage. Consequently, the voltage for
starting the operation of the parasitic bipolar transistor Tpl
becomes further lower.

FIG. 8 shows a method for manufacturing a semiconductor
device including an ESD-protection-driver circuit 60 accord-
ing to a second embodiment of the present invention. To avoid
redundancy, like or same reference numerals are given to
those components that are the same as the corresponding
components shown in FIGS. 4 to 7. Such components will not
be described in detail.

As shownin FIG. 8(a), gate electrodes 42 are formed on the
surface of a substrate 40 by way of gate oxidation films 41.
N-type diffusion regions 61S and 61D are respectively
formed in a source formation region S and a drain formation
region D by injecting phosphate ions (P*) with an energy of
30keV while controlling the dose amount to be 3x10"% cm™>
using the gate electrodes 42 as masks.

Subsequently, as shown in FIG. 8(b), CVD is performed to
apply an insulation film 62, which is formed by a silicon
oxidation film, on the entire surface of the substrate 40. A
photoresist P3 is formed on the insulation film 62, and the
insulation film 62 is patterned using the photoresist P3 as a
mask to form insulation films 62A and 62B, as shown in FIG.
8(¢). The insulation films 62A and 62B expose the n-type
diffusion regions 61S of the source formation region S at a
portion spaced apart from the gate electrodes 42 by a distance
corresponding to the sidewalls. Further, the n-type diffusion
region 61D of the drain formation region D is exposed at a
portion spaced apart from the gate electrodes 42 by a distance
corresponding to the sidewalls and the silicide block. Then, p*
diffusion regions 63S and 63D are respectively formed in the
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exposed portions of the source formation region S and the
drain formation region D by injecting boron ions with an
energy of 10 keV while controlling the dose amount to be
1x10" cm™ using the insulation films 62A and 62B as
masks. Furthermore, continuously using the insulation films
62A and 62B as masks, n* diffusion regions 64S and 64D are
respectively formed in the p* diffusion region 63S and 63D at
significantly shallow parts in the surface of the substrate 40 by
injecting arsenic ions with an energy of 5 keV while control-
ling the dose amount to be 2x10"* cm™2. The p* diffusion
regions 63S and 63D and n+ diffusion regions 64S and 64D
are formed so as to be overlapped in the depthwise direction
and so that a significantly narrow depletion layer is formed in
the pn junction surface of the p* diffusion regions 63S and
63D and the n* diffusion regions 64S and 64D. Subsequently,
RTA is performed to activate the impurities injected into the
substrate 40.

Referring to FIG. 8(d), continuously using the insulation
films 62A and 62B as masks, n* diffusion regions 65S and
65D are respectively formed in the exposed portions of the
source formation region S and drain formation region D by
injecting phosphate ions with an energy of 15 keV while
controlling the dose amount to be 2x10*> cm~2 and perform-
ing RTA at 1000° C. for 10 seconds. A source electrode 66S
and a drain electrode 66D formed by silicide layers are
respectively formed in the surfaces of the exposed source
formation region S and the drain formation region D. The
insulation films 62A and 62B are not silicided and region 67
serves as a silicide block. The silicide block is one type of
ballast resistor.

The ESD-protection-driver circuit 60 is configured by cou-
pling the drain electrode 66D to the input/output pad 10 and
coupling the source electrode 66S to the wiring of the ground
potential Vss. The coupling of the gate electrode will not be
described here.

In the present embodiment, the n* diffusion regions 65S
and 65D are formed before the formation of the silicide layer.
However, the formation of the n* diffusion regions 65S and
65D may be omitted. The n* diffusion region 64S, the p*
diffusion region 63S, and the source electrode 66S, which are
formed in the source formation region S, in the present
embodiment may be omitted. In this case, the pattern of the
photoresist P3 used for patterning the insulation film 62 in
FIG. 8(b) must be modified to cover the insulation film 62
formed on the source formation region S. The insulation film
for covering the source formation region S is formed by
performing patterning using the modified photoresist P3.

The present embodiment has the advantages described
below.

(1) In the same manner as in the first embodiment, an
avalanche breakdown occurs due to low voltage at the pn
junction surface of the n* diffusion region 64D and the p*
diffusion region 63D formed immediately below the drain
electrode 66D. Thus, the voltage for starting operation of the
parasitic bipolar transistor Tp1 becomes lower compared to
the semiconductor device 100 of the prior art. Furthermore,
the n* diffusion region 64D is formed at a significantly shal-
low portion in the surface of the substrate 40. This causes an
avalanche breakdown more effectively than the semiconduc-
tor device 1 of the first embodiment.

(2) The insulation films 62A and 62B are commonly used
as masks for forming the p* diffusion region 63D and the
drain electrode 66D. The diffusion of boron ions in the lateral
direction during ion injection forms the p* diffusion region
63D in some portions immediately below the silicide block
region 67. However, the p* diffusion region 63D is very
narrow. This prevents the resistance of the ballast resistor R
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from varying in a more optimal manner than the single gate
electro-static discharge element M10 of the prior art. The
insulation films 62A and 62B are commonly used to form the
p* diffusion regions 63S and 63D, the n* diffusion regions
64S and 64D, the n~ diffusion regions 65S and 65D, the
source electrode 66S, and the drain electrode 66D. This sig-
nificantly reduces the number of manufacturing steps. Fur-
thermore, since the insulation films 62A and 62B are used as
the sidewalls of the gate electrodes 42 and the silicide block
region 67, there is no need for a separate step for forming a
sidewall on the side surface of the gate electrode 42.

FIG. 9 shows a method for manufacturing a semiconductor
device including an ESD-protection-driver circuit 70 accord-
ing to a third embodiment of the present invention. To avoid
redundancy, like or same reference numerals are given to
those components that are the same as the corresponding
components shown in FIGS. 4 to 8. Such components will not
be described in detail.

Referring to FIG. 9(a), gate electrodes 42 are formed on the
surface of a substrate 40 by way of gate oxidation films 41.
Further, LDD regions 44S and 44D are respectively formed in
a source formation region S and drain formation region D
using the gate electrodes 42 as masks. Sidewalls 43 are then
formed on the gate electrodes 42.

Referring to FIG. 9(b), after performing photolithography
to form a film of photoresist over the entire surface, the
photoresist is patterned to a predetermined shape to form two
photoresists P4 and P5 on the surface of the drain formation
region D. The photoresists P4 and P5 are spaced apart from
the sidewall 43 of each gate electrode 42. Further, the photo-
resists P4 and P5 are spaced apart from each other. Due to the
photoresists P4 and P5, the source formation region S is
exposed at a portion spaced apart from the gate electrode 42
by a distance corresponding to the sidewall 43, and three
spaced exposed portions 71A, 71B, and 71C are defined in the
drain formation region D. Then, n* diffusion regions 728,
72A, 72B, 72C are formed at positions corresponding to the
exposed source formation region S and the exposed portions
71A to 71C by injecting phosphor ions with an energy of 15
keV while controlling the dose amount to be 7x10"> cm™2
using the photoresists P4 and P5, the gate electrodes 42, and
the sidewalls 43 as masks. After performing ion injection, the
photoresists P4 and P5 are removed, and the impurities
injected into the substrate 40 are activated by performing
rapid thermal annealing (RTA) at 1000° C. for about ten
seconds in a nitrogen atmosphere.

Referring to FIG. 9(c), after performing photolithography
to form a film of photoresist over the entire surface, the
photoresist is patterned to a predetermined shape to form
photoresist P6 exposing only the exposed portion 71B of the
drain formation region D. A p* diffusion region 74 is formed
at the lower part of the n* diffusion region 72B by injecting
boron ions with an energy of 60 keV while controlling the
dose amount to be 3x10** cm™2 using the photoresist P6 as a
mask. In this case, the p* diffusion region 74 is formed to
partially overlap the overlying n* diffusion region 72B in the
depthwise direction. A very narrow depletion layer is formed
at the pn junction surface in the n* diffusion region 72B and
the p* diffusion region 74. After performing ion injection, the
photoresist P6 is removed, and the impurities injected into the
substrate 40 are activated by performing rapid thermal
annealing (RTA) at 1000° C. for about ten seconds in a nitro-
gen atmosphere.

As shown in FIG. 9(d), after performing CVD to form a
silicon oxidation film over the entire surface, photolithogra-
phy and etching are performed to pattern the silicon oxidation
film is patterned to form oxidation films P7 and P8 shaped
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identically to the photoresists P4 and P5 shown in FIG. 9(b).
Silicide layers 75G, 758, 75A, 75B, and 75C are then formed
on the surfaces of the gate electrodes 42 and in the surfaces of
the substrate 40 at the exposed source formation region S and
the exposed portions 71A, 71B, and 71C. The oxidation films
P7 and P8 serve as silicide blocks and the region masked by
the oxidation films P7 and P8 serves as a ballast resistor. The
silicide layer 75B formed above the p* diffusion region 74 is
coupled to the input/output pad 10. That is, the silicide layer
75B formed in the exposed portion 71B serves as the drain
electrode. The silicide layer 75S formed in the source forma-
tion region S is coupled to the wiring of the ground potential
Vss. This forms the ESD-protection-driver circuit 70.

The present embodiment has the advantages described
below.

(1) In the same manner as the first and second embodi-
ments, an avalanche breakdown occurs due to low voltage at
the pn junction surface of the n* diffusion region 72B and the
p" diffusion region 74 formed immediately below the silicide
layer 75B, which serves as the drain electrode. This lowers the
voltage for starting operation of the parasitic bipolar transis-
tor Tpl compared to the semiconductor device 100 of the
prior art.

(2) The patterns of the photoresist P6 and the oxidation
films P7 and P8 are set so that the p* diffusion region 74 is
formed only immediately below the silicide layer 75B serving
as the drain electrode as wide as possible immediately below
the silicide layer 75B. That is, the patterns of the photoresist
P6 and the oxidation films P7 and P8 are set to form the p*
diffusion region 74 with substantially the same shape and
dimensions in the lateral direction as the silicide layer 75B
immediately below the silicide layer 75B. This obtains the
same advantages as the first embodiment.

A semiconductor device 80 including an ESD-protection-
driver circuit 90 according to a fourth embodiment of the
present invention will now be described with reference to
FIGS. 10 to 12. To avoid redundancy, like or same reference
numerals are given to those components that are the same as
the corresponding components shown in FIGS. 4 to 9. Such
components will not be described in detail.

As shownin FIG. 10, the semiconductor device 80 includes
an input/output pad 10, an internal circuit 20, and an ESD-
protection-driver circuit 90 coupled to a node between the
input/output pad 10 and the internal circuit 20. The ESD-
protection-driver circuit 90 includes a plurality of cascade
coupled electro-static discharge elements M2, which are
coupled to one another in parallel. In each cascade coupled
electro-static discharge element M2, an N-channel MOS tran-
sistor T1A and an N-channel MOS transistor T1B are coupled
in series, and the N-channel MOS transistors and a ballast
resistor R are coupled in series.

When using the cascade coupled electro-static discharge
element M2 for two types of input/output signal voltages, for
example, 3.3V and 5V, two transistors are normally designed
in correspondence with the low input/output signal voltage
(e.g., 3.3 V). During use, the gate voltage Vgl (3.3 V), which
is close to the low input/output signal voltage, is applied to the
gate of the transistor T1A coupled to the input/output pad.
The gate of the transistor T1B of which source is coupled to
the wiring of the ground potential Vss may be coupled to the
wiring of the ground potential Vss or the output terminal of a
pre-bufter. In such a configuration, the gate voltage Vg1 of the
transistor T1A is 3.3 V even if a signal voltage of 5.0 V is
applied to the input/output pad 10. Thus, the drain-gate volt-
age is 1.7 V and low, and the gate oxidation film of the
transistor T1A will not be damaged. Therefore, the cascade
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coupled electro-static discharge element M2 is applicable to
two types of input/output signal voltages, 3.3 Vand 5.0 V.

As shown in FIG. 11, the ESD-protection-driver circuit 90
includes a first gate electrode 92 A of the transistor T1A and a
second gate electrode 92B of the transistor T1B arranged on
the substrate 40 by way of gate oxidation films 91. A silicide
layer 96G is formed on the surfaces of the first and second
gate electrodes 92A and 29B. A sidewall 93 is formed on each
side surface of the first and second gate electrodes 92A and
92B. LDD regions 94S, 94N, and 94D formed by n~ diffusion
regions are formed in the substrate 40 so that the first and
second gate electrodes 92A and 92B are positioned in
between. The LDD regions 94S, 94N, 94D are formed in a
source formation region S, a node formation region N, and a
drain formation region D in the substrate 40. Further, n*
diffusion regions 95S, 95N, and 95D are respectively formed
at the inner side of the LDD region 94S, the inner side of the
LDD region 94N, and the inner side of the L.DD region 94D.
The n* diffusion region 95N of the node formation region N
serves as anode E (see FIG. 10) between the transistors T1A
and T1B and as the drain region of the transistor T1A and the
source region of the transistor T1B.

A source electrode 968, a silicide layer 96N, and a drain
electrode 96D are respectively formed in the surfaces of the
n™* diffusion regions 958, 95N, and 95D entirely or partially at
portions where the sidewalls 93 are not formed. Specifically,
the source electrode 96S is formed in the entire exposed
surface of the n* diffusion region 958 in the source formation
region S adjacent to the sidewall 93 of the second gate elec-
trode 92B. The silicide layer 96N is formed on the entire
exposed surface of the n* diffusion region 95N in the node
formation region N between the sidewalls 93 of the gate
electrodes 92A and 92B. The drain electrode 96D is formed at
a local region in the surface of the n* diffusion region 95D
spaced apart from the sidewall 93 of the first gate electrode
92A. A silicide block region 97 is formed between the drain
electrode 96D and the sidewall 93 where a silicide layer is not
formed. The silicide block region 97 serves as the ballast
resistor R.

Further, a p* diffusion region 98 is formed at the lower part
ofthe n* diffusion region 95D in the drain formation region D
in the region immediately below the drain electrode 96D. As
shown in FIG. 12, the p* diffusion region 98 is formed as wide
as possible in the drain formation region D at portions exclud-
ing the sidewall 93 and the silicide block region 97. In the
illustrated example, the p* diffusion region 98 and the drain
electrode 96D have substantially the same shapes and dimen-
sions in the lateral direction. In other words, the p* diffusion
region 98 is aligned with the drain electrode 96D. As shown in
FIG. 11, the p* diffusion region 98 is formed so as to overlap
the lower part of the n* diffusion region 95D in the depthwise
direction. The p* diffusion region 98 has an impurity concen-
tration that is controlled to be higher than that of the substrate
40. Therefore, a depletion layer narrower than the depletion
layer at the pn junction surface of the n* diffusion region 95D
and the p* diffusion region of the substrate 40 is formed in the
pn junction surface of the n* diffusion region 95D and the p*
diffusion region 98.

Metal wiring W1 is coupled to the drain electrode 96D of
each transistor T1A through contact holes H1 (see FIG. 12),
and the metal wiring W1 is coupled to the input/output pad 10.
Metal wiring W2 is coupled to the source electrode 96S of
each transistor T1B through contact holes H2 (see FIG. 12),
and the ground potential Vss is applied to the metal wiring
W2. As shown in FIG. 12, the first gate electrode 92A of each
transistor T1A is coupled to metal wiring W4 through a con-
tact hole H4, and the gate voltage Vgl is applied to the first
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gate electrode 92 A via the metal wiring W4. The gate voltage
Vgl is set to, for example, 3.3 V during normal operation. The
second gate electrode 92B of each transistor T1B is coupled
to metal wiring W5 through a contact hole H5, and the gate
voltage Vg2 is applied to the second gate electrode 92B via
metal wiring W5. The second gate electrode 92B of each
transistor T1B may be coupled to the wiring of the ground
potential Vss or the output terminal of the pre-buffer during
normal operation.

The operation of the semiconductor device 80 will now be
described.

When an ESD surge is applied to the input/output pad 10 of
the semiconductor device 80 due to electro-static discharge or
the like, an avalanche breakdown occurs at the pn junction
surface of the n™ diffusion region 94D and the p~ diffusion
region of the substrate 40 and at the pn junction surface of the
n™* diffusion region 95D and the p* diffusion region 98. Fur-
ther, a hole current Ibh2 is supplied to the substrate 40. As a
result, a parasitic bipolar transistor Tp2 including the p~ dif-
fusion region of the substrate 40, the n* diffusion region 95D
of'the first transistor T1A, and the n* diffusion region 958 of
the second transistor T1B becomes electrically conductive.
Since a narrow depletion layer is formed in the pn junction
surface of the n* diffusion region 95D and the p* diffusion
region 98, an avalanche breakdown occurs due to low voltage.
Accordingly, the parasitic bipolar transistor Tp2 also
becomes electrically conductive at a low voltage. When the
parasitic bipolar transistor Tp2 becomes electrically conduc-
tive, a large current flows between the n* diffusion region 95D
and the n* diffusion region 95S. This releases the ESD surge
applied to the input/output pad 10 to the wiring of the ground
potential Vss and prevents ESD surge from being applied to
the internal circuit 20.

In the semiconductor device 80, with regard to the ESD
resistance characteristics when the base length Lb (see FIG.
12) of the parasitic bipolar transistor Tp2 is 0.97 pm approxi-
mately and the gate width W (see FIG. 12) is 360 um, the
withstanding voltage was 120V ina machine mode (MM) test
before the injection of boron ions. The inventors found that
the withstanding voltage improves to 280V in the MM test by
injecting boron ions with an energy of 60 keV while control-
ling the dose amount to be 3x10"* cm™2. The inventors also
found that the withstanding voltage of 2600 V in a human
body model (HBM) before injection of boron ions greatly
improves the withstanding voltage to be 4000 V or higher in
an HBM test after ion injection. The parasitic bipolar transis-
tor Tp2 is configured by the p~ diffusion region in the sub-
strate 40, the n* diffusion region 95D of the first transistor
T1A, and the n* diffusion region 958 of the second transistor
T1B. Thus, the base length Lb becomes equal to the total
value of the gate length of 0.36 um of'the first and second gate
electrodes 92A and 92B and the distance of 0.25 pm of the
node formation region N.

A method for manufacturing the semiconductor device 80
will now be discussed with reference to FIG. 13.

First, referring to FIG. 13(a), the first gate electrode 92A
and second gate electrode 92B are formed spaced apart from
each other on the surface of the substrate 40 by way of the gate
oxidation films 91. The LDD regions 94S, 94N, 94D are
respectively formed in the source formation region S, the
node formation region N, and the drain formation region D by
injecting arsenic ions with an energy of 10 keV while con-
trolling the dose amount to be 1x10"> cm™2 using the first gate
electrode 92A and the second gate electrode 92B as a mask.
Then, CVD is performed to form a silicon oxidation film
having a thickness of about 130 nm on the entire surface.
Then, anisotropic etching is performed on the silicon oxida-
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tion film to form the sidewall 93 of each gate electrode 92A,
92B. The n* diffusion regions 95S, 95N, and 95D are respec-
tively formed in the source formation region S, the node
formation region N, and the drain formation region D by
injecting phosphor ions with an energy of 15 keV while
controlling the dose amount to 7x10*® ¢cm™ using the gate
electrodes 92A and 92B and the sidewall 93 as a mask.

Referring to FIG. 13(b), after performing photolithography
to form a film of photoresist over the entire surface, the
photoresist is patterned to a predetermined shape to form a
photoresist P9 exposing only part of the drain formation
region D. The p* diffusion region 98 is formed at the lower
part of the n* diffusion region 95D in the exposed drain
formation region D by injecting boron ions (B*) with an
energy of 60 keV while controlling the dose amount to be
3x10" cm~2using the photoresist P9 as the mask. In this case,
the p* diffusion region 98 is formed to overlap the lower end
of the overlying n* diffusion region 95D in the depthwise
direction. After ion injection, the photoresist P9 is removed,
and impurities are injected into the substrate 40 and activated
by performing RTA at 1000° C. for about ten seconds in a
nitrogen atmosphere.

Referring to FIG. 13(c), after performing CVD to form a
silicon oxidation film over the entire surface, photolithogra-
phy and etching are performed to pattern the silicon oxidation
film and form an oxidation film P10 serving as a silicide block
for covering part of the n* diffusion region 95D adjacent to
the sidewall 93 of'the first gate electrode 92A. A silicide layer
is then formed on each gate electrode 92A, 92B and in the
surface of the n* diffusion regions 95S, 95N, and 95D at
portions where the oxidation film P10 is not formed. The
silicide layer formed on the surface of the n+ diffusion region
95S of the formed silicide layers serves as the source elec-
trode 968, and the silicide layer formed on the surface of the
n™* diffusion region 95D at the upper region of the p* diffusion
region 98 serves as the drain electrode 96D. The contactholes
H1 (see FIG. 12) are formed in the upper surface of the drain
electrode 96D, and the drain electrode 96D is coupled to the
input/output pad 10 by the metal wiring W1 (see FIG. 11)
formed in the contact holes H1. The contact holes H2 (see
FIG. 12) are formed in the upper surface of the source elec-
trode 96S, and the source electrode 96S is coupled to the
wiring of the ground potential Vss by the metal wiring W2
(see FIG. 12) formed in the contact hole H2. This forms the
ESD-protection-driver circuit 70.

The present embodiment has the advantages described
below.

(1) An avalanche breakdown occurs due to low voltage at
the pn junction surface of the n+ diffusion region 95D and the
p+ diffusion region 98 formed immediately below the drain
electrode 96D. Thus, the voltage for starting operation of the
parasitic bipolar transistor Tp2 becomes low.

(2) The patterns of the photoresist P9 and the oxidation film
P10 are set so as to form the p* diffusion region 98 only
immediately below the drain electrode 96D and as wide as
possible. In the illustrated example, the patterns of the pho-
toresist P9 and the oxidation film P10 are set so as to form the
p* diffusion region 98 immediately below the drain electrode
96D so that the p* diffusion region 98 and the drain electrode
96D have substantially the same shapes and dimensions in the
lateral direction. Therefore, the same advantages as the first
embodiment are obtained.

It should be apparent to those skilled in the art that the
present invention may be embodied in many other specific
forms without departing from the spirit or scope of the inven-
tion.
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The shapes of the silicide block region and the drain elec-
trode are not particularly limited. For example, the shape may
be changed as shown in FIG. 14. FIG. 14 shows a modifica-
tion of the third embodiment shown in FIG. 9. Specifically,
the three n* diffusion regions 72A, 72B, and 72C formed in
the drain formation region D shown in FIG. 9 may be modi-
fied to a single n* diffusion region 72D.

The formation of the n* diffusion region in the drain for-
mation region D in the first, third, and fourth embodiments
may be omitted. In such cases, the p~ diffusion region may be
formed immediately below the drain electrode to contact the
lower end of the n™ diffusion region. Further, a new n* diffu-
sion region may be formed under the p+ diffusion region.

In the first, third, and fourth embodiments, the p* diffusion
regions 55, 74, 98 may be formed by injecting boron ions
before forming the n* diffusion regions 45D, 72B, 95D.

In the second embodiment, the insulation films 62A and
62B are used as the sidewalls of the gate electrode 42 and the
side block region 67. However, the sidewalls of the gate
electrode 42 and the side block region 67 may be formed
separately. In such a case, it is preferred that photolithography
be performed to pattern photoresist and form a mask for
forming the p* diffusion region 63D.

The silicide layer may be formed on the surface of the gate
electrode 42 in the first and second embodiments. In such a
case, the pattern of the oxidation film P2 must be modified to
expose the gate electrode 42.

Inthe step of FIG. 9(d) in the third embodiment, the silicide
layer may be formed separately from the oxidation film for
covering the gate electrode 42. Further, the silicide layer may
be formed separately from the oxidation film for covering the
n~ diffusion region 758 of the source formation region S.

In the step of FIG. 13(c¢) in the fourth embodiment, the
pattern ofthe oxidation film P10 may be modified to cover the
first and second gate electrodes 92A and 92B and the re”
diffusion region 94N in the node formation region N. Alter-
natively, the oxidation film P10 may have the same pattern as
the photoresist P9, and the silicide layer may be formed using
the oxidation film P10 as a mask.

In the above embodiments, boron ions are injected to form
the p* diffusion region. However, the present invention is not
limited in such a manner as long as p-type impure ions are
used.

In the above embodiments, the transistors T1, T1A, T1B
are N-channel MOS transistors but may be changed to
P-channel MOS transistors.

The present examples and embodiments are to be consid-
ered as illustrative and not restrictive, and the invention is not
to be limited to the details given herein, but may be modified
within the scope and equivalence of the appended claims.

What is claimed is:

1. A method for manufacturing an electro-static discharge
protection device, the method comprising:

forming a gate electrode on a substrate;

forming a first diffusion region and a second diffusion

region in the substrate by injecting impure ions of a first
conductivity type using the gate electrode as a mask, the
gate electrode being located between the first diffusion
region and the second diffusion region;

forming a resist pattern to expose at a first local region in a

surface of the first diffusion region, the first local region
being spaced apart from a first sidewall insulation film
formed on a side surface of the gate electrode;

forming a third diffusion region under the first diffusion

region in the substrate by injecting impure ions of a
second conductivity type that differ from the first con-
ductivity type using the resist pattern as a mask;
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forming an insulation film so as to expose a second local
region in the surface of the first diffusion region, the
second local region being located above the third region
and wider than the first local region; and

forming a silicide layer in the exposed second local region

of'the first diffusion region using the insulation film as a
mask.

2. The method for manufacturing an electro-static dis-
charge protection device according to claim 1, further com-
prising:

forming another diffusion region of the first conductivity

type below the third diffusion region by injecting impure
ions of the first conductivity type using the insulation
film as a mask before forming the silicide layer.

3. The method for manufacturing an electro-static dis-
charge protection device according to claim 1, wherein:

the gate electrode includes a first gate electrode, a second

gate electrode spaced apart from the first gate electrode,
and a node region formed in the substrate between the
first gate electrode and the second gate electrode.

4. A method for manufacturing an electro-static discharge
protection device; the method comprising:

forming a gate electrode on a substrate;

forming a first diffusion region and a second diffusion

region in the substrate by injecting impure ions of a first
conductivity type using the gate electrode as a mask, the
gate electrode being located between the first diffusion
region and the second diffusion region;

forming a sidewall insulation film on a side surface of the

gate electrode;

forming a fourth diffusion region and a fifth diffusion

region respectively below the first diffusion region and
the second diffusion region in the substrate by injecting
impure ions of the first conductivity type using the gate
electrode and the sidewall insulation film as a mask;

forming a resist pattern to expose a first local region in a

surface of the first diffusion region, the first local region
being spaced apart from the first sidewall insulation film
formed on the side surface of the gate electrode;
forming a third diffusion region under the fourth diffusion
region in the substrate by injecting impure ions of a
second conductivity type that differs from the first con-
ductivity type using the resist pattern as a mask;
forming an insulation film for exposing a second local
region in the surface of the first diffusion region, the
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second local region being located above the third diffu-
sion region and wider than the first local region; and
forming a silicide layer in the exposed second local region
of the first diffusion region using the insulation film as a
mask.
5. The method for manufacturing the electro-static dis-

charge protection device according to claim 4, wherein:

the gate electrode includes a first gate electrode, a second
gate electrode spaced apart from the first gate electrode,
and a node region formed in the substrate between the
first gate electrode and the second gate electrode.

6. A method for manufacturing an electro-static discharge

protection device, the method comprising:

forming a gate electrode on a substrate;

forming a first diffusion region and a second diffusion
region in the substrate by injecting impure ions of a first
conductivity type using the gate electrode as a mask, the
gate electrode being located between the first diffusion
region and the second diffusion region;

forming a first sidewall insulation film on a side surface of
the gate electrode;

forming a resist pattern for exposing a local region in a
surface of the first diffusion region, the local region
being spaced apart from the first sidewall insulation film;

forming a third diffusion region at a location deeper than
the first diffusion region by injecting impure ions of a
second conductivity type that differs from the first con-
ductivity type using the resist pattern as a mask;

forming a sixth diffusion region at a location shallower
than the third diffusion region by injecting impure ions
of the first conductivity type using the resist pattern as a
mask;

forming an insulation film for exposing the sixth diffusion
region; and

forming a silicide layer in an exposed surface of the sixth
diffusion region using the insulation film as a mask.

7. The method for manufacturing the electro-static dis-

o Charge protection circuit according to claim 6, wherein:

the gate electrode includes a first gate electrode, a second
gate electrode spaced apart from the first gate electrode,
and a node region formed in the substrate between the
first gate electrode and the second gate electrode.

#* #* #* #* #*



