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(57) ABSTRACT 

A semiconductor device including an electrostatic discharge 
protection circuit capable of preventing current from being 
concentrated in a hot spot through a silicide layer includes 
an N-type MOS transistor having a ?rst diffusion region on 
a semiconductor substrate. This N-type MOS transistor is 
isolated from another MOS transistor by a ?rst element 
isolation region. A second diffusion region is formed 
betWeen the ?rst diffusion region and ?rst element isolation 
region. The ?rst and second diffusion regions are separated 
by a second element isolation region. A silicide is formed on 
the surface of the semiconductor substrate excluding the ?rst 
and second element isolation regions. Apad is connected to 
the second N-type diffusion region through a contact. An 
electrostatic charge injected through the pad and contact is 
discharged mainly through a ?rst discharge path guided to a 
channel (P-type Well) of the N-type MOS transistor through 
the second diffusion region (N-type), N-type Well under the 
second element isolation region, and second diffusion region 
(N-type). A discharge path passing through the silicide layer 
rarely functions as a discharge path, since the contact 
resistance value betWeen the silicide layer and ?rst diffusion 
region is greater than the resistance value of the ?rst 
diffusion region. 
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SEMICONDUCTOR DEVICE HAVING 
ELECTROSTATIC DISCHARGE PROTECTION 

CIRCUIT 

[0001] Japanese Patent Application No. 2000-163022, 
?led May 31, 2000, is hereby incorporated by reference in 
its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device including an electrostatic discharge protection cir 
cuit. 

BACKGROUND 

[0003] A major cause of an electrostatic breakdown phe 
nomenon is silicon dissolution due to heat generated at a PN 
junction at the time of discharge or occurrence of contact 
spiking in Which a metal of a metal electrode is diffused into 
a silicon substrate. Conventional countermeasures for static 
electricity have been carried out taking this point into 
consideration. 

[0004] Accompanied by miniaturiZation of devices, in a 
miniaturiZation process With a design rule of 0.35 microns or 
less, salicide transistors have been developed in order to 
effectively decrease the resistance of source/drain diffusion 
layers by employing salicide technology in Which a high 
melting-point metal silicide layer is formed on the diffusion 
layers (Japanese Patent Application Laid-open Nos. 
7-273197, No. 7-106570, No. 7-94595, No. 5-136086, No. 
3-234062, and the like). 

[0005] The thickness of a gate oXide ?lm, Which is nor 
mally 135 Angstroms in a device With a supply voltage of 5 
V, tends to be decreased as the supply voltage is decreased. 
In a 0.35-micron-process, the thickness of the gate oXide 
?lm is 70 Angstroms in a device With a supply voltage of 3.3 
V, for eXample. In a 0.25-micron-process, the thickness of 
the gate oXide ?lm is about 50 Angstroms in a device With 
a supply voltage of 2.5 V. This is a serious hindrance in 
designing electrostatic discharge protection circuits. 

[0006] When alloWing an electrostatic charge injected 
from an input/output terminal to be discharged through a 
poWer supply terminal, in the case Where a silicide layer is 
present on the junction of a discharge device (such as a MOS 
transistor) interposed betWeen the input/output terminal and 
the poWer supply terminal, the discharge device breaks 
doWn at a very loW applied voltage. 

[0007] The cause of the breakdoWn estimated from 
delamination analysis results is the occurrence of local 
current concentration near a gate electrode, because a notch 
shaped trace of current ?oWing near the gate electrode of the 
MOS transistor occurred. 

[0008] As a reason Why current concentration tends to 
occur locally, a decrease in the resistance of the diffusion 
layers by using the salicide technology can be given. In the 
case of applying a reverse voltage to the N-type MOS 
transistor, a charge injected from a pad is injected into the 
diffusion layers from a contact on the drain, and causes 
avalanche breakdoWn (electron avalanche) to occur at the 
junction With a channel region. The charge ?oWing out into 
the substrate causes the potential difference necessary for 
alloWing a diode forWard current to be produced betWeen a 
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source potential (ground potential) and a substrate potential. 
This causes a bipolar transistor formed by drain-channel 
source to be operated, Whereby the current is discharged 
With the voltage being clamped. 

[0009] The state of discharge is described beloW With 
reference to FIGS. 4 and 5. FIGS. 4 and 5 are plan vieWs 
shoWing an N-type MOS transistor including a drain 10, 
contacts 12 formed on the drain 10, a gate 14, a source 16, 
and contacts 18 formed on the source 16. 

[0010] In the case Where a silicide layer is not formed on 
the diffusion layers, the current uniformly ?oWs from the 
contacts 12 on the drain 10 toWard the gate 14 Without being 
concentrated in one spot due to a high diffusion resistance, 
as shoWn in FIG. 4. 

[0011] On the contrary, in the case Where a silicide layer 
is formed on the diffusion layers, When a hot spot 20 is 
formed as shoWn in FIG. 5, the current is concentrated from 
all the contacts 12 on the drain 10 in the hot spot 20. 
Therefore, current concentration tends to occur even if the 
applied voltage is loW, thereby causing breakdoWn to occur. 

[0012] Moreover, the silicide layer cannot be formed ?at 
near the junction, so that the silicide in the shape of a 
projection is present at a junction edge. Current concentra 
tion tends to occur in this area therefore the hot spot tends 
to occur. 

[0013] An electrostatic discharge (ESD) Withstanding 
voltage is considered to be decreased for these tWo reasons 
in the case Where the silicide layer is present on the junction 
of the discharge device. 

[0014] Therefore, technology additionally including a pro 
tection step for partly removing the silicide layer on the 
discharge device has been developed (Japanese Patent 
Application Laid-open No. 2-271673 and the like). 

[0015] HoWever, the folloWing tWo problems occur When 
employing the protection step. 

[0016] One of the problems is that leakage may occur 
betWeen the gate and the source/drain. In the protection step, 
an oXide ?lm is formed over the entire surface of the 
substrate after forming the source/drain regions and is 
etched While alloWing the area in Which the silicide is not 
formed to remain. A side-Wall insulating ?lm Which has 
already been formed on the side of the gate is also removed 
during the etching so that leakage easily occurs. 

[0017] The other problem is that high-speed operation of 
the transistor cannot be expected. In a full salicide process 
in Which the silicide layer is formed on both the gate 
electrode and the diffusion regions, it is impossible to 
employ a structure in Which the silicide layer is formed on 
the gate electrode but is not formed near the drain junction. 
Therefore, preventing the silicide layer from being formed 
near the drain junction causes a region to be formed on the 
gate electrode in Which the silicide layer is not formed. This 
results in a sheet resistance of the order of K9 so that the 
high-speed operation cannot be eXpected. 

SUMMARY 

[0018] Accordingly, an objective of the present invention 
is to provide a semiconductor device including an electro 
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static discharge protection circuit capable of preventing 
current from being concentrated in a hot spot through a 
loW-resistance silicide layer. 

[0019] Another objective of the present invention is to 
provide a semiconductor device capable of forming an 
electrostatic discharge protection circuit Without performing 
a protection step for partly removing a silicide layer. 

[0020] One aspect of the present invention provides a 
semiconductor device comprising: 

[0021] 
[0022] a MOS transistor Which is formed on the semicon 
ductor substrate and includes a ?rst diffusion region; 

[0023] a ?rst element isolation region Which isolates the 
MOS transistor from another MOS transistor formed on the 
semiconductor substrate; 

[0024] a second element isolation region formed betWeen 
the MOS transistor and the ?rst element isolation region; 

[0025] a silicide layer formed in the surface of the semi 
conductor substrate excluding the ?rst and second element 
isolation regions; 

[0026] a second diffusion region Which is isolated from the 
?rst diffusion region by the second element isolation region; 
and 

[0027] a contact connected to the ?rst diffusion region 
through the silicide layer. 

a semiconductor substrate; 

[0028] Another aspect of the present invention provides a 
semiconductor device comprising: 

[0029] 
[0030] an N-type MOS transistor Which is formed on the 
semiconductor substrate and includes a ?rst N-type diffusion 
region; 

[0031] a ?rst element isolation region Which isolates the 
N-type MOS transistor from another MOS transistor formed 
on the semiconductor substrate; 

[0032] second and third element isolation regions formed 
betWeen the N-type MOS transistor and the ?rst element 
isolation region; 

[0033] a silicide layer formed in the surface of the semi 
conductor substrate excluding the ?rst, second, and third 
element isolation regions; 

[0034] a second N-type diffusion region Which is isolated 
from the ?rst N-type diffusion region by the second element 
isolation region, 

[0035] a third N-type diffusion region Which is isolated 
from the second N-type diffusion region by the third element 
isolation region; 

[0036] a ?rst contact connected to the second N-type 
diffusion region through the silicide layer; 

[0037] a second contact connected to the third N-type 
diffusion region through the silicide layer; 

[0038] an N-type Well formed under the ?rst N-type 
diffusion region, the second element isolation region, and 
the second N-type diffusion region; and 

a semiconductor substrate; 
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[0039] a P-type Well formed under the second N-type 
diffusion region, the third element isolation region, and the 
third N-type diffusion region, 

[0040] Wherein an NPN lateral bipolar transistor formed 
by the second and third N-type diffusion regions and the 
P-type Well is used as a discharge device. 

[0041] According to still another aspect of the present 
invention, the N-type may be replaced by a P-type. In this 
case, a PNP lateral bipolar transistor functions as the dis 
charge device Which is an electrostatic discharge protection 
circuit for the P-type MOS transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a cross-sectional vieW shoWing the struc 
ture of an N-type MOS transistor and an electrostatic 
discharge protection circuit for a semiconductor device 
according to a ?rst embodiment of the present invention. 

[0043] FIG. 2 is a cross-sectional vieW shoWing the struc 
ture of an N-type MOS transistor and an electrostatic 
discharge protection circuit for a semiconductor device 
according to a second embodiment of the present invention. 

[0044] FIG. 3 is an equivalent circuit diagram shoWing 
the semiconductor device shoWn in FIG. 2. 

[0045] FIG. 4 is a vieW schematically shoWing the state of 
uniform discharge in a conventional case Where a silicide 
layer is not formed on diffusion layers. 

[0046] FIG. 5 is a vieW schematically showing the state of 
discharge in a conventional case Where a silicide layer is 
formed on diffusion layers, in Which current is concentrated 
in a hot spot. 

DETAILED DESCRIPTION 

[0047] One embodiment of the present invention provides 
a semiconductor device comprising: 

[0048] 
[0049] a MOS transistor Which is formed on the semicon 
ductor substrate and includes a ?rst diffusion region; 

[0050] a ?rst element isolation region Which isolates the 
MOS transistor from another MOS transistor formed on the 
semiconductor substrate; 

[0051] a second element isolation region formed betWeen 
the MOS transistor and the ?rst element isolation region; 

[0052] a silicide layer formed in the surface of the semi 
conductor substrate excluding the ?rst and second element 
isolation regions; 

[0053] a second diffusion region Which is isolated from the 
?rst diffusion region by the second element isolation region; 
and 

[0054] a contact connected to the ?rst diffusion region 
through the silicide layer. 

[0055] When the MOS transistor is an N-type, each of the 
?rst and second diffusion regions may be an N-type diffusion 
region including an N-type impurity, and an N-type Well 
may be formed under the second element isolation region 
and the ?rst and second diffusion regions. When the MOS 
transistor is P-type, each of the ?rst and second diffusion 

a semiconductor substrate; 
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regions may be a P-type diffusion region including a P-type 
impurity, and a P-type Well may be formed under the second 
element isolation region and the ?rst and second diffusion 
regions. 
[0056] According to this embodiment of the present inven 
tion, the silicide layer formed in the surface of a discharge 
device as a discharge path for static electricity injected from 
the contact is divided by the second element isolation region. 
Therefore, there is no discharge path passing directly 
through the silicide layer from the contact. In this semicon 
ductor device, a discharge path passing through the contact, 
the second diffusion region, the Well, the ?rst diffusion 
region, and the channel mainly functions as a discharge path 
Which alloWs an electrostatic charge injected from the con 
tact to be discharged. A discharge path from the ?rst diffu 
sion region to the channel through the silicide layer rarely 
functions as a discharge path, since the contact resistance 
value betWeen the silicide layer and the ?rst diffusion region 
is greater than the resistance value of the ?rst diffusion 
region. Therefore, since the current is not concentrated in the 
silicide layer, the risk of alloWing a hot spot to occur at a 
junction edge can be prevented even if the silicide layer is 
not formed ?at at the junction edge. 

[0057] Another embodiment of the present invention pro 
vides a semiconductor device comprising: 

[0058] 
[0059] an N-type MOS transistor Which is formed on the 
semiconductor substrate and includes a ?rst N-type diffusion 
region; 
[0060] a ?rst element isolation region Which isolates the 
N-type MOS transistor from another MOS transistor formed 
on the semiconductor substrate; 

[0061] second and third element isolation regions formed 
betWeen the N-type MOS transistor and the ?rst element 
isolation region; 

[0062] a silicide layer formed in the surface of the semi 
conductor substrate excluding the ?rst, second, and third 
element isolation regions; 

[0063] a second N-type diffusion region Which is isolated 
from the ?rst N-type diffusion region by the second element 
isolation region, 

[0064] a third N-type diffusion region Which is isolated 
from the second N-type diffusion region by the third element 
isolation region; 

[0065] a ?rst contact connected to the second N-type 
diffusion region through the silicide layer; 

[0066] a second contact connected to the third N-type 
diffusion region through the silicide layer; 

[0067] an N-type Well formed under the ?rst N-type 
diffusion region, the second element isolation region, and 
the second N-type diffusion region; and 

[0068] a P-type Well formed under the second N-type 
diffusion region, the third element isolation region, and the 
third N-type diffusion region, 

a semiconductor substrate; 

[0069] Wherein an NPN lateral bipolar transistor formed 
by the second and third N-type diffusion regions and the 
P-type Well is used as a discharge device. 
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[0070] According to this embodiment of the present inven 
tion, the NPN lateral bipolar transistor functions as a dis 
charge device Which is an electrostatic discharge protection 
circuit for the N-type MOS transistor. Speci?cally, an elec 
trostatic charge injected through the ?rst N-type diffusion 
region of the N-type MOS transistor is discharged through 
the NPN lateral bipolar transistor. In order to prevent the 
N-type MOS transistor from functioning as the discharge 
path, the ?rst and second N-type diffusion regions are 
separated by the second element isolation region, and the 
resistance formed by the N-type Well is formed therebe 
tWeen. This resistance is inserted betWeen a collector of the 
NPN lateral bipolar transistor and the drain of the N-type 
MOS transistor in the equivalent circuit, for eXample. The 
discharge path toWard the N-type MOS transistor is cut off 
by the resistance value of this resistance. 

[0071] Moreover, since the silicide layer connected to the 
?rst contact is divided by the second element isolation 
region, an electrostatic charge does not How into the N-type 
MOS transistor through the silicide layer. Therefore, there is 
no need to perform a protection step for partly removing the 
silicide layer. 

[0072] According to still another embodiment of the 
present invention, the N-type may be replaced by a P-type. 
In this case, a PNP lateral bipolar transistor functions as the 
discharge device Which is an electrostatic discharge protec 
tion circuit for the P-type MOS transistor. 

[0073] Speci?c eXamples of the embodiments of the semi 
conductor device to Which the present invention is applied 
are described beloW With reference to the draWings. 

[0074] First Embodiment 

[0075] (1) Structure of N-type MOS transistor and elec 
trostatic discharge protection circuit 

[0076] FIG. 1 shoWs a cross-sectional structure of an 
N-type MOS transistor and an electrostatic discharge pro 
tection circuit for the N-type MOS transistor. In FIG. 1, an 
N-type MOS transistor 110 is formed on a silicon substrate 
100. The N-type MOS transistor 110 includes an N+source 
112, an N+drain (?rst drain: ?rst diffusion region) 114, a 
channel 116 of a P-type Well present therebetWeen, and a 
gate 118 Which faces the channel 116 through a gate oXide 
?lm 117. A side-Wall insulating ?lm 120 is formed on the 
side Wall of the gate 118. A silicide layer 130 is formed on 
the source 112, drain 114, and gate 118, Whereby the N-type 
MOS transistor 110 is formed as a salicide transistor. 

[0077] In FIG. 1, in addition to a ?rst element isolation 
region (not shoWn) for isolating each of the transistors, a 
second element isolation region 140 formed by a LOCOS 
process in the same manner as the ?rst element isolation 
region is formed. The second element isolation region 140 
separates the drain of the N-type MOS transistor 110 into the 
?rst drain 114 and a second drain (second diffusion region) 
150. A P stopper diffusion region 144 is formed under the 
second element isolation region 140. FIG. 1 illustrates a 
condition in Which a contact 152 connected to the second 
drain 150 is connected to a pad 170. 

[0078] In the semiconductor substrate 100, a P-type Well 
is formed on the side of the N-type MOS transistor 110, and 
an N-type Well is formed on the side of the second drain 150 
With the ?rst drain 114 present therebetWeen. 
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[0079] (2) Operation of electrostatic discharge protection 
circuit for N-type MOS transistor 

[0080] The silicide layer 130 formed on the surface of a 
discharge device as a discharge path for static electricity 
injected from the pad 170 is divided by the second element 
isolation region 140. Therefore, there is no discharge path 
passing directly through the silicide layer 130 from the pad 
170 and the contact 152. 

[0081] In the semiconductor device shoWn in FIG. 1, a 
?rst discharge path 190 indicated by the solid line and a 
second discharge path 192 indicated by the broken line are 
illustrated as tWo discharge paths for alloWing an electro 
static charge injected from the pad 170 to be discharged. 

[0082] The ?rst discharge path 190 is a major discharge 
path passing through the pad 170, contact 152, second drain 
150, N-type Well (resistance R), ?rst drain 114, and channel 
116. 

[0083] The second discharge path 192 is a second dis 
charge path passing through the pad 170, contact 152, 
second drain 150, N-type Well (resistance R), ?rst drain 114, 
silicide layer 130, ?rst drain 114, and channel 116. 

[0084] The resistance of the ?rst discharge path 190 is 
decreased as the length L shoWn in FIG. 1 decreases, 
Whereby the ?rst discharge path 190 functions as a major 
discharge path. 

[0085] In the second discharge path 192, the contact 
resistance value betWeen the silicide layer 130 and the ?rst 
drain 114 is greater than the resistance value of the ?rst drain 
114. Therefore, even if the resistance of the silicide layer 130 
is loW, the total resistance value of the second discharge path 
192 is greater than the total resistance value of the ?rst 
discharge path 190. This is Why the secondary discharge 
path 192 only functions as a secondary discharge path. 

[0086] As described above, according to the electrostatic 
discharge protection circuit shoWn in FIG. 1, the current is 
not concentrated in the silicide layer 130. Therefore, even if 
the silicide layer 130 is not formed ?at at the junction edge 
indicated by an arroW A shoWn in FIG. 1, the risk of 
alloWing a hot spot to occur at the junction edge can be 
prevented. 

[0087] Second Embodiment 

[0088] A semiconductor device according to a second 
embodiment of the present invention is described beloW. 

[0089] (1) Structure of electrostatic discharge protection 
circuit for N-type MOS transistor 

[0090] FIG. 2 is a cross-sectional vieW shoWing the struc 
ture of an N-type MOS transistor and an electrostatic 
discharge protection circuit therefor according to the second 
embodiment of the present invention. In FIG. 2, compo 
nents the same as those shoWn in FIG. 1 are indicated by the 
same symbols. 

[0091] In the semiconductor device shoWn in FIG. 2, in 
addition to a ?rst element isolation region for isolating the 
N-type MOS transistor 110 from other MOS transistors, a 
second element isolation region 140 and a third element 
isolation region 142 are formed by a LOCOS process in the 
same manner as the ?rst element isolation region. In FIG. 2, 
an N+diffusion region separated from the drain 114 through 

Mar. 14, 2002 

the second element isolation region 140 is called a collector 
(second diffusion region) 162. An emitter (third diffusion 
region) 164 Which is an N+diffusion region is formed in the 
region separated from the collector 162 through the third 
element isolation region 142. P stopper regions 144 and 146 
are formed under the second and third element isolation 
regions 140 and 142. 

[0092] In the semiconductor device shoWn in FIG. 2, an 
N-type Well is formed under the drain 114, the second 
element isolation region 140, and the collector 162. AP-type 
Well is formed under the collector 162, the third element 
isolation region 142, and the emitter 164. 

[0093] The collector 162, the emitter 164, and the P-type 
Well make up an NPN lateral bipolar transistor 160. FIG. 2 
shoWs a ?rst contact 166 connected to the collector 162 and 
a second contact 168 connected to the emitter 164. The ?rst 
contact 166 is connected to the pad 170. The second contact 
is connected to the poWer supply terminal (GND). 

[0094] FIG. 3 is shoWs an equivalent circuit formed by the 
semiconductor structure shoWn in FIG. 2. The N-type MOS 
transistor 110, the NPN lateral bipolar transistor 160, the pad 
170, a P-type MOS transistor 180 formed in pairs With the 
N-type MOS transistor 110, and resistances R1 and R2 are 
shoWn in FIG. 3. The N-Type MOS transistor 110 sets the 
potential of the pad 170 to a VSS potential. The P-type MOS 
transistor 180 sets the potential of the pad 170 to a VDD 
potential. 

[0095] The resistance R1 shoWn in FIG. 3 is formed by 
the N-type Well under the second element isolation region 
140 shoWn in FIG. 2. The resistance R2 is formed by the 
P-type Well under the third element isolation region 142 and 
the emitter 164. 

[0096] (2) Operation of electrostatic discharge protection 
circuit for N-type MOS transistor 

[0097] In FIG. 2, the silicide layer 130 formed in the 
surface of the discharge device as the discharge path for an 
electrostatic charge injected from the pad 170 is divided by 
the second element isolation region 140. Therefore, there is 
no discharge path passing directly through the silicide layer 
130 from the pad 170 and the ?rst contact 166 toWard the 
N-type MOS transistor 110. 

[0098] In the electrostatic discharge protection circuit for 
the N-type MOS transistor 110 shoWn in FIGS. 2 and 3, the 
NPN lateral bipolar transistor 160 functions as the discharge 
device. Speci?cally, an electrostatic charge injected from the 
pad 170 is discharged through the ?rst contact 166, the 
collector 162 of the NPN lateral bipolar transistor 160, the 
emitter 164 of the NPN lateral bipolar transistor 160, the 
second contact 168, and GND in that order. 

[0099] In this case, since the MOS transistor 110 and the 
NPN lateral bipolar transistor 160 are connected in parallel 
to the pad 170, as shoWn in FIG. 3, it is necessary to cut off 
the discharge path toWard the MOS transistor 110. 

[0100] Therefore, the resistance R1 Which blocks current 
toWard the N-type MOS transistor 110 is formed betWeen 
the collector 162 and the drain 114 of the N-type MOS 
transistor 110, as shoWn in FIGS. 2 and 3. 

[0101] The present invention is not limited to the above 
described embodiments. Various modi?cations and varia 
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tions are possible Without departing from the spirit and the 
scope of the present invention. 

[0102] Each of the above embodiments illustrates an 
example using a P-type semiconductor substrate. HoWever, 
the above embodiments can be carried out in the same 
manner using an N-type semiconductor substrate. In this 
case, the N-type and P-type in FIGS. 1 and 2 are respec 
tively replaced by a P-type and N-type. In the case of 
modifying the embodiment shoWn in FIG. 2 by using an 
N-type semiconductor substrate, a PNP lateral bipolar tran 
sistor Which protects a P-type MOS transistor is formed. 
HoWever, the P stopper regions 144 and 146 shoWn in FIGS. 
1 and 2 are not needed. 

[0103] Use of a semiconductor substrate having a triple 
Well structure enables the formation of an NPN lateral 
bipolar transistor Which functions as a protection circuit for 
an N-type MOS transistor and a PNP lateral bipolar tran 
sistor Which functions as a protection circuit for a P-type 
MOS transistor on the same semiconductor substrate. 

What is claimed is: 
1. A semiconductor device comprising: 

a semiconductor substrate; 

a MOS transistor Which is formed on the semiconductor 
substrate and includes a ?rst diffusion region; 

a ?rst element isolation region Which isolates the MOS 
transistor from another MOS transistor formed on the 
semiconductor substrate; 

a second element isolation region formed betWeen the 
MOS transistor and the ?rst element isolation region; 

a silicide layer formed in the surface of the semiconductor 
substrate excluding the ?rst and second element isola 
tion regions; 

a second diffusion region Which is isolated from the ?rst 
diffusion region by the second element isolation region; 
and 

a contact connected to the ?rst diffusion region through 
the silicide layer. 

2. The semiconductor device according to claim 1, 

Wherein the MOS transistor is N-type, 

Wherein each of the ?rst and second diffusion regions is 
an N-type diffusion region including an N-type impu 
rity, and 

Wherein an N-type Well is formed under the second 
element isolation region and the ?rst and second dif 
fusion regions. 

3. The semiconductor device according to claim 1, 

Wherein the MOS transistor is P-type, 

Wherein each of the ?rst and second diffusion regions is 
a P-type diffusion region including a P-type impurity, 
and 

Wherein a P-type Well is formed under the second element 
isolation region and the ?rst and second diffusion 
regions. 

4. A semiconductor device comprising: 

a semiconductor substrate; 
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an N-type MOS transistor Which is formed on the semi 
conductor substrate and includes a ?rst N-type diffu 
sion region; 

a ?rst element isolation region Which isolates the N-type 
MOS transistor from another MOS transistor formed on 
the semiconductor substrate; 

second and third element isolation regions formed 
betWeen the N-type MOS transistor and the ?rst ele 
ment isolation region; 

a silicide layer formed in the surface of the semiconductor 
substrate excluding the ?rst, second, and third element 
isolation regions; 

a second N-type diffusion region Which is isolated from 
the ?rst N-type diffusion region by the second element 
isolation region, 

a third N-type diffusion region Which is isolated from the 
second N-type diffusion region by the third element 
isolation region; 

a ?rst contact connected to the second N-type diffusion 
region through the silicide layer; 

a second contact connected to the third N-type diffusion 
region through the silicide layer; 

an N-type Well formed under the ?rst N-type diffusion 
region, the second element isolation region, and the 
second N-type diffusion region; and 

a P-type Well formed under the second N-type diffusion 
region, the third element isolation region, and the third 
N-type diffusion region, 

Wherein an NPN lateral bipolar transistor formed by the 
second and third N-type diffusion regions and the 
P-type Well is used as a discharge device. 

5. A semiconductor device comprising: 

a semiconductor substrate; 

a P-type MOS transistor Which is formed on the semi 
conductor substrate and includes a ?rst P-type diffusion 
region; 

a ?rst element isolation region Which isolates the P-type 
MOS transistor from another MOS transistor formed on 
the semiconductor substrate; 

second and third element isolation regions formed 
betWeen the P-type MOS transistor and the ?rst ele 
ment isolation region; 

a silicide layer formed in the surface of the semiconductor 
substrate excluding the ?rst, second, and third element 
isolation regions; 

a second P-type diffusion region Which is isolated from 
the ?rst P-type diffusion region by the second element 
isolation region; 

a third P-type diffusion region Which is isolated from the 
second P-type diffusion region by the third element 
isolation region; 

a ?rst contact connected to the second P-type diffusion 
region through the silicide layer; 

a second contact connected to the third P-type diffusion 
region through the silicide layer; 
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a P-type well formed under the ?rst P-type diffusion 
region, the second element isolation region, and the 
second P-type diffusion region; and 

an N-type well formed under the second P-type diffusion 
region, the third element isolation region, and the third 
P-type diffusion region, 
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Wherein a PNP lateral bipolar transistor formed by the 
second and third P-type diffusion regions and the 
N-type Well is used as a discharge device. 


