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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

AND METHOD OF MANUFACTURING THE SAME 

,;.:.::._ 

"" 
BACKGROUND OF THE INVENTION 

5 This invention relates to a semiconductor integrated 

circuit device and a manufacturing technique therefor, and 

particularly to a technique effective for use in a 

semiconductor integrated circuit device provided with a 

protection circuit having a thyristor structure and a 

10 manufacturing technique therefor. 

With advances in miniature processing technology in a 

semiconductor manufacturing process, miniaturization of 

elements, interconnections, etc. constituting a 

semiconductor integrated circuit device is now putting 

15 forward. With their miniaturization, the performance of 

the semiconductor integrated circuit device is increasingly 

improving. 

On the one hand, however, a problem arises in that the 

miniaturized elements, interconnections, etc. are extremely 

20 weak to an excessive voltage or overvoltage such as static 

electricity or the like and are easy to break. There has 

been a strong demand for the elucidation of the mechanism 

of deterioration and destructive phenomena due to static . 

electricity and the establishment of a protection structure 

25 with a view toward ensuring the reliability of the 

semiconductor integrated circuit device. 

Meanwhile, the present inventors have discussed a 

protection circuit having a thyristor structure. This 

protection circuit is electrically connected to a wiring 

- 1 -

/ 



...:.. .... 

path for connecting an external terminal and an internal 

circuit to one another. Described specifically, the 

-c protection circuit is constructed by electrically 

connecting, for example, a thyristor having p+, n, p and n+ 

5 between an external terminal and a ground potential. 

In the present protection circuit, a discharge path 

varies according to the polarity of a voltage applied from 

the outside. The protection circuit has a structure 

wherein when an excessive voltage or overvoltage applied 

10 from the outside is positive, the protection circuit is 

discharged in accordance with the operation of the 

thyristor and when the overvoltage is negative, it is 

discharged in accordance with the operation of each lateral 

bipolar transistor. 

15 As the protection circuit, one is known which has been 

described in, for example, the IEEE, 1991, CUSTOM 

INTEGRATED CIRCUIT CONFERENCE 27.2.1. According to this 

reference, since parasitic bipolar transistors each having 

large drive capability are used as protection elements, a 

20 surge current is allowed to escape satisfactorily so that 

electro static discharge (hereinafter called "ESD") 

resistance can be enhanced. 

Further, a structure of the protection circuit having 

the thyristor structure has been described in, for example, 

25 the 1988EOS/ESD SYMPOSIUM PROCEEDINGS f A PROCESS-TOLERANT 

INPUT PROTECTION CIRCUIT FOR ADVANCED CMOS PROCESSESJ, 

P201-P205. A basic device structure and operation of a 

.thyristor constituting the protection circuit have been 

explained in the present reference. 
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As another reference that discloses the protection 

circuit having the thyris:tor structure, one is known which 

has been disGlosed in, for example, Japanese Patent 

Application Laid-Open No. 4-196352 (reference 1) or 

5 Japanese Patent Application Laid-Open No. 6-62529 

(reference 2). According to these references 1 and 2, a 

diode (corresponding to reference numeral 300 in Fig. 3 or 

the like in the reference 1 or symbol Dl in Fig. 1 or the 

like in the reference 2) for .the protection circuit is 

10 provided in a stage posterior to a thyristor for the 

protection circuit. In these references, however, the 

diode is provided in a stage posterior to a resistor for 

the protection circuit, which has been intentionally added 

to the stage posterior to the thyristor, and is provided in 

15 a region different from a well in which the thyristor is 

provided in a semiconductor substrate. 

SUM:MARY OF THE INVENTION 

However, the present inventors found out a problem 

20 that in the protection circuit having the thyristor 

structure, the difference in ESD resistance would occur 

according to the polarity of an overvoltage applied from 

the outside. 

That is, the protection circuit having the thyristor 

25 structure has a problem in that since a holding voltage is 

low and the amount of energy used up or consumed through 

the discharge path is dispersed in a low state when the 

discharge is c~rried out through the thyristor (when the 

positive overvoltage is applied), ESD resistance is high, 
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whereas since the holding voltage is high, the amount of 

energy consumed through the discharge path is large and a 

discharge current is easy to concentrate on a reverse 

junction when the discharge is carried out through each 

5 lateral bipolar transistor {when the negative overvoltage 

is applied), the ESD resistance is low. 

Therefore, an object of the present invention is to 

provide a technique capable of eliminating the difference 

in_ESD resistance caused-by polarities of overvoltages 

10 applied to an external terminal and enhancing ESD 

resistance of a semiconductor integrated circuit device to 

both positive and negative overvoltages. 

The above and other objects and novel features of the 

present invention will become apparent from the description 

15 of the present specification and the accompanying drawings. 

20 

A summary of typical ones of the inventions disclosed 

in the present application will_ be described in brief in 

the following manner. 

According to one aspect of the present invention, 

there is provided a semiconductor integrated circuit device 

comprising: 

a protection element having a thyristor structure, 

which is electrically connected between an external 

25 terminal and a ground potential, the protection element 

being provided on a semiconductor substrate, and 

a diode serving as a protection element electrically 

connected between the external terminal and the group.d 

potential so that the diode is connected in the forward 
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direction when a negative overvoltage is applied to the 

external terminal. 

Thus, since a diode for allowing a negative 

overvoltage to escape is provided as a protection element 

5 as well as a thyristor for allowing a positive overvoltage 

to escape, an excessive current or overcurrent is allowed 

to promptly escape form a ground potential to an external 

terminal through the diode when the negative overvoltage is 

applied to the external terminal. It is therefore possible 

10 to enhance even ESD resistance to the negative overvoltage. 

That is, according to the present invention, since high ESD 

resistance to both positive and negative overvoltages 

applied to the external terminal can be obtained, the yield 

and reliability of the semiconductor integrated circuit 

15 device can be enhanced. 

Further, since a protection circuit element is made up 

of a diode relatively small in occupied area, the entire 

occupied area of a protection circuit will not result in a 

significant increase. Therefore, high ESD resistance to 

20 both positive and negative overvoltages applied to the 

external terminal can be obtained. 

According to another aspect of the present invention, 

there is provided a semiconductor integrated circuit device 

wherein the protection element having the thyristor 

25 structure includes, 

a first semiconductor region of a conductive type 

opposite to the semiconductor substrate, which is formed in 

an upper layer of the semiconductor substrate; 
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a second semiconductor region of a conductive type 

opposite to the semiconductor substrate, the second 

semiconductor region being formed in the upper layer of the 

semiconductor substrate so as to be spaced away from the 

5 first semiconductor region; 

a third semiconductor region corresponding to a region 

of a conductive type opposite to the first semiconductor 

region, the third semiconductor region being formed between 

at least the first semiconductor region and the second 

10 semiconductor region in the semiconductor substrate; 

a fourth semiconductor region formed within the first 

semiconductor region, constructed by a semiconductor region 

of the same conductive type as the first semiconductor 

region and electrically connected to the external terminal; 

15 a fifth semiconductor region formed within the first 

semiconductor region so as to be adjacent to the fourth 

semiconductor region, constructed by a semiconductor region 

of a conductive type opposite to the first semiconductor 

region and electrically connected to the external terminal; 

20 a sixth semiconductor region of the same conductive 

type as the first semiconductor region, the sixth 

semiconductor region having one portion disposed in the 

first semiconductor region and the other portion disposed 

in a region between the first semiconductor region and the 

25 second semiconductor region; and 

a seventh semiconductor region having one portion 

disposed in the second semiconductor region and the other 

portion disposed in a region between the first 

semiconductor region and the second semiconductor region so 
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as to be spaced away from the sixth semiconductor region, 

the seventh semiconductor region being constructed by a 

semiconductor region of the same conductive type as the 

first semiconductor region and being electrically connected 

to the ground potential; 

the diode having an eighth semiconductor region of a 

conductive type opposite to the first semiconductor region, 

the eighth semiconductor region being electrically 

connected to the ground potential and provided within the 

10 first semiconductor region. 

Thus, since the resistance of a discharge path for an 

overcurrent can be reduced, the overcurrent is allowed to 

escape promptly. 

According to a further aspect of the present 

15 invention, there is provided a semiconductor integrated 

circuit device wherein the fourth semiconductor region and 

the eighth semiconductor region are disposed so that 

respective long sides thereof are opposed to each other in 

parallel. Thus, the width of a discharge path for an 

20 overcurrent can be broadened and the discharge path can be 

reduced in resistance. Therefore, the overcurrent is 

allowed to escape rapidly owing to the reduction in its 

resistance. 

According to a still further aspect of the present 

25 invention, there is provided a method of manufacturing a 

semiconductor integrated circuit device, comprising the 

following step of simultaneously carrying out impurity 

introducing steps for forming the fifth semiconductor 

region constituting the protection element having the 
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thyristor structure and the eighth semiconductor region 

constituting the protection element formed by the diode 

with the same photoresist patterns as masks in a 

manufacturing process of the semiconductor integrated 

5 circuit device . 

Thus, since the manufacturing process of the 

semiconductor integrated circuit device can be simplified, 

a reduction in manufacturing time of the semiconductor 

integrated circuit device and a decrease in manufacturing 

10 cost thereof can be promoted. 

According to a still further aspect of the present 

invention, there is provided a semiconductor integrated 

circuit device comprising: 

a signal external terminal for externally inputting a 

15 signal; 

20 

a reference potential external terminal externally 

supplied with a reference potential; 

a protection element having a thyristor structure; 

a protection element having a diode structure; 

the signal external terminal, the reference potential 

external terminal, the protection element having the 

thyristor structure and the protection element having the 

diode structure being provided on a semiconductor 

substrate; and 

25 a protection circuit structure wherein the protection 

element having the thyristor structure and the protection 

element having the diode structure are connected in 

parallel between the signal external terminal and the 

reference potential external terminal, 

- 8 -
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the protection element having the thyristor structure 

including, 

a first semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate; 

a second semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate at a position spaced away from the first 

semiconductor region; 

10 a third semiconductor region of a second 

conductive type, the third semiconductor region 

corresponding to a region of a conductive type opposite to 

the first conductive type and being formed between at least 

the first conductive type first semiconductor region and 

15 the first conductive type second semiconductor region in 

the semiconductor substrate; 

a fourth semiconductor region of a first 

conductive type, which is formed within the first 

conductive type first semiconductor region and electrically 

20 connected to the signal external terminal; 

25 

a fifth semiconductor region of a second 

conductive type, which is formed within the first 

conductive type first semiconductor region and electrically 

connected to the signal external terminal; 

a sixth semiconductor region of a first 

conductive type, the sixth semiconductor region being 

formed in the semiconductor substrate so that a portion 

thereof is disposed in the first conductive type first 
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semiconductor region and the second conductive type third 

semiconductor region; and 

a seventh semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate so that a portion thereof is disposed in the 

first conductive type second semiconductor region and the 

second conductive type third semiconductor region, the 

seventh semiconductor region being electrically connected 

to the reference potential external terminal; and 

10 the protection element having the diode structure 

including, 

an eighth semiconductor region of a second 

conductive type, which is formed within the first 

conductive type first semiconductor region and electrically 

15 connected to the reference potential external terminal. 

20 

According to a still further aspect of the present 

invention, there is provided a semiconductor integrated 

circuit.device comprising: 

a semiconductor substrate; 

an MIS transistor formed in the semiconductor 

substrate and having a gate, a source and a drain; 

a signal external terminal formed in the semiconductor 

substrate and electrically connected to the gate of the MIS 

transistor to input an externally-supplied signal to the 

25 gate of the MIS transistor; 

a reference potential external terminal formed in the 

semiconductor substrate and electrically connected to the 

source of the MIS transistor to supply an externally-input 

reference potential to the source of the MIS transistor; 

- 10 -



5 

a protection element having a thyristor structure, 

which is formed in the semiconductor substrate and 

electrically connected between the signal external terminal 

and the reference potential external terminal; 

a protection element having a diode structure, which 

is formed in the semiconductor substrate and electrically 

connected between the signal external terminal and the 

reference potential external terminal; and 

a protection element provided at the semiconductor 

10 substrate, the protection element being provided between 

both the protection element having the thyristor structure 

and the protection element having the diode structure and 

the gate of the MIS transistor, being electrically 

connected between the signal external terminal and the 

15 reference potential external terminal, and serving so as to 

reduce the difference in potential between the source and 

gate of the MIS transistor when a voltage greater than that 

used upon the normal operation thereof is applied to the 

MIS transistor. 

20 According to a still further aspect of the present 

invention, there is provided a semiconductor integrated 

circuit device comprising: 

a signal external terminal for externally inputting a 

signal; 

25 a reference potential external terminal externally 

supplied with a reference potential; 

an MIS transistor having a source, a drain and a gate, 

the gate being electrically connected to the signal 
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external terminal and the source being electrically 

connected to the reference potential external terminal; 

a protection element having a thyristor structure; and 

a protection element having a diode structure; 

5 the signal external terminal, the reference potential 

external terminal, the MIS transistor, the protection 

element having the thyristor structure and the protection 

element having the diode structure being provided on a 

semiconductor substrate; and 

10 wherein the protection element having the thyristor 

structure and the protection element having the diode 

structure are connected in parallel between the signal 

external terminal and the reference potential external 

terminal; 

15 the protection element having the thyristor structure 

including, 

a first semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate; 

20 a second semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate at a position spaced away from the first 

semiconductor region; 

a third semiconductor region of a second 

25 conductive type, the third semiconductor region 

corresponding to a region of a conductive type opposite to 

the first conductive type and being formed between at least 

the first conductive type first semiconductor region and 
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the first conductive type second semiconductor region in 

the semiconductor substrate; 

a fourth semiconductor region of a first 

conductive type formed within the f irs't conductive type 

5 first semiconductor region and electrically· connected to 

the signal external terminal; 

a fifth semiconductor region of a second 

conductive type formed within the first c9nductive type 

first semiconductor region and electrically connected to 

10 the signal external terminal; 

a sixth semiconductor region of a first 

conductive type, the sixth semiconductor region being 

formed in the semiconductor substrate so that a portion 

thereof is disposed in the first conductive type first 

15 semiconductor region and the secorid conductive type third 

semiconductor region; and 

a seventh semiconductor region of a first 

conductive type, which is formed in the semiconductor 

substrate so that a portion thereof is disposed in the 

20 first conductive type second semiconductor region and the 

second conductive type third semiconductor region, the 

seventh semiconductor region being electrically connected 

to the reference potential external terminal; and 

the protection element having the diode structure 

25 including, 

an eighth semiconductor region of a second 

conductive type, which is formed within the first 

conductive type first semiconductor region and electrically 

connected to the reference potential external terminal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims 

particularly pointing out and distinctly claiming the 

5 subject matter which is regarded as the invention, it is 

believed that the invention, the objects and features of 

the invention and further objects, features and advantages 

thereof will be better understood from the following 

description taken in connection with the accompanying 

10 drawings in which: 

15 

20 

Fig. 1 is a circuit diagram showing a protection 

circuit employed in a semiconductor integrated circuit 

device according to one embodiment of the present 

invention; 

Fig. 2 is a fragmentary plan view illustrating a 

protection circuit region of the semiconductor integrated 

circuit device shown in Fig. 1; 

Fig .. 3 is a cross-sectional view taken along line III 

- III of Fig. 2; 

Fig. 4 is a fragmentary cross-sectional view of the 

semiconductor integrated circuit device shown in Figs. 1 

through 3 in a manufacturing process thereof; 

Fig. 5 is a fragmentary cross-sectional view of the 

semiconductor integrated circuit device shown in Figs. 1 

25 through 3 in a manufacturing process thereof subsequent to 

that in Fig. 4; 

Fig. 6 is a fragmentary cross-sectional view of the 

semiconductor integrated circuit device shown in Figs. 1 

- 14 -



through 3 in a manufacturing process thereof subsequent to 

that in Fig. 5; 

Fig. 7 is a circuit diagram showing a protection 

circuit employed in a semiconductor integrated circuit 

5 device according to another embodiment of the present 

invention; 

Fig. 8 is a fragmentary plan view illustrating a 

protection circuit region of the semiconductor integrated 

circuit device shown in Fig. 7; 

10 Fig. 9 is a cross-sectional view taken along line IX -

15 

IX of Fig. 8; 

Fig. 10 is a fragmentary circuit diagram illustrating 

a semiconductor integrated circuit device according to a 

further embodiment of the present invention; 

Fig. 11 is a diagram for describing a protection 

circuit in·a peripheral circuit of the semiconductor 

integrated circuit device shown in Fig. 10; 

Fig. 12 is a graph showing time intervals requireq to 

discharge electrical charges on the input and output sides 

20 of the peripheral circuit shown in Fig. 11; 

Fig. 13 is a fragmentary circuit diagram showing a 

semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 14 is a fragmentary circuit diagram illustrating 

25 a semiconductor integrated circuit device according to a . 

still further embodiment of the present invention; 

Fig. 15 is a plan view showing the protection circuit 

of the semiconductor integrated circuit device shown in 

Fig. 10; 
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Fig. 16 is a _cross-sectional view taken along line X -

Y of Fig. 15; 

Fig. 17 is a cross-sectional view showing the 

peripheral circuit of the semiconductor integrated circuit 

5 device shown in Fig. 10; 

Fig. 18 is a fragmentary circuit diagram showing a 

semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 19 is a plan view illustrating a protection 

10 circuit employed in the semiconductor integrated circuit 

device shown in Fig. 18; 

Fig. 20 is a cross-sectional view taken along line X -

Y of Fig. 19; 

Fig. 21 is a fragmentary circuit diagram depicting a 

15 semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 22 is a plan view showing a protection circuit 

employed in the semiconductor integrated circuit device 

shown in Fig. 21; 

20 Fig. 23 is a cross-sectional view taken along line X -

25 

Y of Fig. 22; 

Fig. 24 is a fragmentary circuit diagram illustrating 

a semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 25 is a plan view showing a protection circuit 

employed in the semiconductor integrated circuit device 

shown in Fig. 24; 

Fig. 26 is a cross-sectional view taken along line X -

Y of Fig. 25; 
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Fig. 27 is a fragmentary circuit diagram illustrating 

a semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 28 is a fragmentary circuit diagram depicting a 

5 semiconductor integrated circuit device according to a 

still further embodiment of the present invention; 

Fig. 29 is a circuit diagram showing a protection 

circuit discussed by the present inventors as a reference 

technique; 

10 Fig. 30 is a plan view illustrating the protection 

circuit shown in Fig. 29; 

Fig. 31 is a cross-sectional view taken along line X -

X of the protection circuit shown in Fig. 30; 

Fig. 32 is a diagram for describing a peripheral 

15 circuit discussed by the present inventors as a reference 

technique; and 

20 

Fig. 33 is a graph showing time intervals required to 

discharge electrical charges on the input and output sides 

of the peripheral circuit shown in Fig. 32. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will hereinafter be described 

for more details with reference to the accompanying 

drawings. In all the drawings for describing embodiments, 

25 those having the same function are identified by like 

reference numerals and their repetitive description will be 

omitted. 

[Embodiment 1] 
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Fig. 1 is a circuit diagram showing a protection 

circuit employed in a semiconductor integrated circuit 

device according to one embodiment of the present 

invention. Fig. 2 is a fragmentary plan view illustrating 

a protection circuit region of the semiconductor integrated 

circuit device shown in Fig. 1. Fig. 3 is a cross­

sectional view taken along line III - III of Fig. 2. Figs. 

4 through 6 are fragmentary cross-sectional views showing 

the semiconductor integrated circuit device shown in Figs. 

10 1 through 3 in respective manufacturing processes. 

A protection circuit employed in a semiconductor 

integrated circuit device, which has been discussed by the 

present inventors, will first be described with reference 

to Figs. 29 through 31 prior to the description of the 

15 semiconductor integrated circuit device according to the 

present embodiment 1. 

Fig. 29 is a circuit diagram showing the protection 

circuit discussed by the present inventors. The protection 

circuit 30 is electrically connected to a wiring path for 

20 connecting an external terminal 31 and an internal circuit 

32 to each other. 

The protection circuit 30 comprises a thyristor 

composed of two bipolar transistors Q30a and Q30b and is 

electrically connected between the external terminal 31 and 

25 a ground potential GND. 

The bipolar transistor Q30a comprises a pnp bipolar 

transistor. The emitter of the bipolar transistor Q30a is 

electrically connected to the external terminal 31 and the 
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collector thereof is electrically connected to the base of 

the npn bipolar transistor Q30b. 

Further, the base of the bipolar transistor Q30a is 

electrically connected to the external terminal 31 and the 

collector of the bipolar transistor Q30b. The emitter of 

the bipolar transistor Q30b is electrically connected to 

the ground potential GND. 

Figs. 30 and 31 show one example of a device structure 

of the protection circuit employed in the semiconductor 

10 integrated circuit device. Fig. 30 is a pian view of the 

device structure and Fig. 31 is a cross-sectional view 

taken along line X - X of Fig. 31. 

A semiconductor substrate 33 is composed of, for 

example, a p-type silicon (Si) monocrystal. Further, n 

15 wells 34n are provided at its upper layer portion and p 

·wells.34p are formed in a region other than the upper layer 

portion. Field insulators or field insulating films 35 

each composed of, for example, silicon dioxide (Si02) are 

formed over a main or principle surface of the 

20 semiconductor substrate 33. 

In the upper layer portion of the semiconductor 

substrate 33, an n+-type semiconductor region 36nl and a 

p+-type semiconductor region 36p are formed in an upper 

layer portion of the n well 34n surrounded by the field 

25 insulating films 35. The n+-type semiconductor region 36nl 

and the p+-type semiconductor region 36p are electrically 

connected to the external terminal 31 through connecting 

holes 37. 
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5 

In the upper layer portion of the semiconductor 

substrate 33 as well, n+-type semiconductor regions 36n2 

and 36n3 are formed in a region surrounded by the field 

insulating films 35 and extending over the n well 34n and 

the p well 34p. The n+-type semiconductor region 36n3 is 

electrically connected to the ground potential GND through 

other connecting holes 37. 

When a positive voltage is externally applied to the 

external terminal 31 in the protection circuit, the 

10. thyristor is activated through a path of the p+-type 

semiconductor region 36p, the n well 34n (n+-type 

semiconductor region 36nl), the p well 34p (p-type · 

semiconductor substrate 33) and the n+-type semiconductor 

region 36n3 to bring the external terminal 31 and the 

15 ground potential GND into conduction, whereby the thyristor 

is discharged. 

On the other hand, when a negative voltage is 

externally applied to the external terminal 31, the 

thyristor is deactivated and the lateral bipolar transistor 

20 is activated through a path of the n+-type semiconductor 

region 36nl (n well 34n), the p well 34p (p-type 

semiconductor substrate 33) and the n+-type semiconductor 

region 36n3 to bring the external terminal 31 and the 

ground potential GND into conduction, whereby the bipolar 

25 transistor is discharged. 

That is, the protection circuit having the thyristor 

structure has a problem in that since a holding voltage is 

low (ranges from lV to 2VJ ·and the amount of energy used up 

or consumed through the discharge path is dispersed in a 
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low state when the discharge is carried out through the 

thyristor (i.e., when a positive overvoltage is applied), 

ESD resistance is high, whereas since the holding voltage 

is high (ranges from 7V to 12V), the amount of energy 

5 consumed through the discharge path is large and a 

discharge current is easy to concentrate on a reverse 

junction when the discharge is carried out through the 

lateral bipolar transistor (i.e., when a negative 

overvoltage is applied), the ESD resistance is low. 

10 Thus, the protection circuit is configured in the 

following manner in the embodiment 1 of the present 

invention. 

As shown in Fig. l,_ the protection circuit 1 employed 

in the present embodiment 1 is configured as a circuit 

15 which is electrically connected to a path for connecting an 

external terminal 2 and a peripheral circuit 3 of the 

semiconductor integrated circuit device and serves so as to 

rapidly escape or discharge electrical charges when an 

excessive or overvoltage is applied to the external 

20 terminal 2 and thereby avoid the application of a high 

voltage to an internal circuit of the semiconductor 

- integrated circuit device. 

The protection circuit 1 comprises two pnp and npn 

bipolar transistors Qla and Qlb and a diode Dl electrically 

25 connected between the external terminal 2 and a ground 

potential GND. 

The.bipolar transistors Qla and Qlb constitute a 

thyristor and is activated so as to let electrical charges 

escape when a positive overvoltage is applied to the 

- 21 -



5 

external terminal 2. The emitter of the bipolar transistor 

Qla is electrically connected to the external terminal 2. 

Further, the base of the bipolar transistor Qla is 

·electrically connected to the external terminal 2 and the 

collector of the bipolar transistor Qlb. Moreover, the 

collector of the bipolar transistor Qla is electrically 

connected to the base of the bipolar transistor Qlb. The 

emitter of the bipolar transistor Qlb is electrically 

connected to the ground potential GND. 

10 As a result of the operation of the thyristor composed 

of the two bipolar transistors Qla and Qlb when the 

positive overvoltage is applied to the external terminal 2 

in such a protection circuit 1, an excess current or 

overcurrent flows from the external terminal 2 to the 

15 gro~d potential GND through the two bipolar transistors 

Qla and Qlb. Thus, ESD resistance to the positive 

overvoltage can be ensured. 

On the other hand, the diode Dl is activated so as to 

allow electrical charges to escape when a negative 

20 overvoltage is applied to the external terminal 2. The 

diode Dl is electrically connected between the external 

terminal 2 and the ground potential GND or between the 

collector and emitter of the bipolar transistor Qlb, in 

other words, between the base of the pnp bipolar transistor 

25 Qla and the ground potential GND in such a manner that when 

the negative overvoltage is applied to the external 

terminal 2, the diode Dl is connected in the forward 

direction. 
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That is, in the present embodiment 1, the overcurrent 

flows from the ground potential GND to the external 

terminal 2 through the diode Dl when the negative 

overvoltage is applied to the external terminal 2. Thus, 

5 the present embodiment 1 is capable of improving even ESD 

resistance to the negative overvoltage. Further, since a 

protection element is made up of the diode Dl, the layout 

area of the protection element will not result in a 

significant increase. 

10 Incidentally, the external terminal 2 serves as a 

terminal for drawing or taking out an electrode for a 

semiconductor integrated circuit in a semiconductor chip 

and is electrically connected to the internal circuit of 

the semiconductor integrated circuit device through the 

.15 peripheral circuit 3. 

Further, the peripheral circuit 3 is provided between 

the outside and inside of the semiconductor integrated 

circuit device as in the case of, for example, an input 

circuit, an output circuit or an input/output bidirectional 

20 circuit or the like and serves as an interface circuit for 

adjusting an electrical level or timing. 

The protection circuit 1 may be built in or 

incorporated into, for example, only a stage prior to the 

input circuit or the output circuit. Alternatively, the 

25 protection circuit 1 may be incorporated into stages prior 

to peripheral circuits of both the input circuit and the 

output circuit. 

One example of a device structure about the protection 

circuit of the semiconductor integrated circuit device 
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shown in Fig. 1 will next be shown in Figs. 2 and 3. Fig. 

2 is a plan view of the device structure and Fig. 3 is a 

cross-sectional view taken along line III - III of Fig. 2. 

A semiconductor substrate 4 comprises, for example, a 

5 p-type.silicon (Si) monocrystal. Further, n wells (first 

semiconductor region and second semiconductor region) Snl 

and Sn2 and p wells Sp (Spl through Sp3) are formed in its 

upper layer portion. 

The n wells Snl and Sn2 are formed as rectangular 

10 isolated regions, each of which contains, for example, 

phosphorus or arsenic (As) corresponding to an n-type 

impurity. 

The p wells (third semiconductor region) Sp (Spl 

through Sp3) are formed so as to adjoin the n wells Snl and 

15 5n2 and surround them. Each of the p wells Sp contains, 

for example, boron corresponding to a p-type impurity. 

Further, field insulating films 6 are formed on a 

principal surface of the semiconductor substrate 4. Each 

of the field insulating films 6 is composed of, for 

20 example, silicon dioxide (Si02) and has an element 

separating function or in-element separating function. 

2S 

The above-described diode Dl is formed principally of 

a PN junction of the n well Snl and a p+-type semiconductor 

region (eighth semiconductor region) 7pl. 

An n+-type semiconductor region (fourth semiconductor 

region) 7nl contains, for example, phosphorus or As 

corresponding to the n-type impurity. The n+-type 

semiconductor region 7nl is electrically connected to a 

first layer wire or interconnection lOa through connecting 
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holes 9a defined·in an interlayer insulator or insulating 

film Sa on the semiconductor substrate 4 as well as to an 

external terminal 2. 

The p+-type semiconductor region 7pl contains, for 

example, boron corresponding to the p-type impurity and is 

electrically connected to a first layer interconnection lOb 

through connecting holes 9b defined in the interlayer 

insulator Sa. Further, the p+-type semiconductor region 

7pl is electrically connected to a ground potential GND. 

10 The p+-type semiconductor region 7pl is provided 

within the n well 5nl provided with the n+-type 

semiconductor region 7nl therewithin. That is, the value 

·of a resistance between the p+-type semiconductor region 

7pl and the n+-type semiconductor region 7nl can be lowered 

15 by providing the p+-type semiconductor region 7pl and the 

n+-type semiconductor region 7nl within the same n well 

5nl. 

Further, the p+-type semiconductor region 7pl is 

disposed so that its long side becomes parallel to the long 

20 side of the n+-type semiconductor region 7nl. That is, 

since the long sides of the p+-type semiconductor region 

7pl and the n+-type semiconductor region 7nl are opposed to 

each other and the width of a path for a current that flows 

between them can be widely ensured, the value of the 

25 resistance between them can be lowered. 

Thus, since the resistance of the path for discharging 

an excessive current or overcurrent that flows when the 

negative voltage is applied to the external terminal 2, can 
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be reduced by these in the present embodiment 1, the 

overcurrent is allowed to escape without delay. 

Further, the above-described bipolar transistor Qla is 

made up principally of a p+-type semiconductor region 

5 (fifth semiconductor region) 7p2, the n well 5nl, an n+­

type semiconductor region 7n2 and a p well 5p2. 

The p+-type semiconductor region 7p2 is formed so as 

to extend next to and parallel to the n+-type semiconductor . 

region 7nl within a region of the n well Snl and contains, 

10 for example, boron corresponding to the p-type impurity. 

15 

The p+-type semiconductor region 7p2 is electrically 

connected to the first layer interconnection lOa through 

connecting holes 9c defined in the interlayer insulator 8a 

as well as to the external terminal 2. 

The n+-type semiconductor region 7n2 is formed so as 

to extend next to and parallel to the p+-type semiconductor 

region 7p2 across then well Snl and the p well 5p2 .. The 

n+-type semiconductor region 7n2 contains, for example, 

phosphorus or As corresponding to the n-type impurity. 

20 The above-described bipolar transistor Qlb is made up 

principally of the n+-type semiconductor region 7n2 (n well 

5nl), the p well 5p2 and an n+-type semiconductor region 

(seventh semiconductor region) 7n3 (n well 5n2). 

The n+-type semiconductor region 7n3 is formed so as 

25 to extends parallel to the n+-type semiconductor region 7n2 

across the p well 5p2 and the n well 5n2 and contains, for 

example, phosphorus or As corresponding to the n-type 

impurity. 
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The n+-type semiconductor region 7n3 is electrically 

connected to a first layer interconnection lOc through 

connecting holes 9d defined in the interlayer insulator Ba. 

Further, the n+-type semiconductor region 7n3 is 

5 electrically connected to the ground potential GND. 

10 

Incidentally, the above-described interlayer insulator 

Ba is composed of, for example, Si02. Each of the first 

layer interconnections lOa through lOc is made of, for 

example, aluminum (Al) or an Al-Si-Cu alloy. 

One example of a method of manufacturing the 

semiconductor integrated circuit device according to the 

present embodiment 1 will next be explained with reference 

to .Figs. 4 through 6. 

Fig. 4 is a fragmentary cross-sectional view showing 

15 the semiconductor integrated circuit device according to 

the embodiment 1 in a manufacturing process. A 

semiconductor substrate 4 is composed of a p-type Si' 

monocrystal. Further, n wells Snl and 5n2 and p wells Sp 

(Spl through 5p3) are formed in its upper layer and field 

20 insulating films 6 are also formed in the upper layer. 

25 

Photoresist patterns lla, which make n+-type 

semiconductor regions bare and cover other regions, are 

formed on a principal surf ace of the semiconductor 

substrate 4 by photolithography. 

Subsequently, for example, phosphorus or As 

corresponding to a p-type impurity is introduced into the 

semiconductor substrate 4 by ion implantation or the like 

with each photoresist pattern lla as a mask in order to 

form the n+-type semiconductor regions. 
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Thereafter, the photoresist patterns lla are removed 

and photoresist patterns llb, which make p+-type 

semiconductor regions bare and cover other regions, are 

further formed by photolithography as shown in Fig. 5. 

Next, for example, boron or boron fluoride (BF2) 

corresponding to a p-type impurity is introduced into the 

semiconductor substrate 4 by ion implantation or the like 

with each photoresist pattern llb as a mask in order to 

form the p+-type semiconductor regions. 

10 Subsequently, the photoresist patterns llb are removed 

15 

and the semiconductor substrate 4 is further heat-treated 

to thereby form p+-type semiconductor regions 7pl and 7p2 

and n+-type semiconductor regions 7nl through 7n3 on the 

semiconductor substrate 4 as shown in Fig. 6. 

Thereafter, an interlayer insulator 8a composed of, 

for example, Si02 is deposited on the semiconductor 

substrate 4 by a CVD process or the like as shown in Fig. 

3. Afterwards, connecting holes 9a through 9d are 

simultaneously defined in predetermined positions of the 

20 interlayer insulator 8a by photolithography and dry 

etching. 

After that, a metal film made up of, for example, Al 

or an Al-Si-Cu alloy is deposited on the semiconductor 

substrate 4 by sputtering or the like. Thereafter, the 

25 metal film.is patterned by photolithography and dry etching 

to thereby form first layer interconnections lOa through 

lOc. 

The description of the subsequent processing will be 

omitted because the semiconductor integrated circuit device 

- 28 -



may be manuf actureq through a wire or interconnection 

forming process step and a surface protection film forming 

process step and the like in the normal manufacturing· 

process of the semiconductor integrated circuit device. 

5 Thus, the present embodiment 1 can bring about the 

following advantageous effects. 

(1) The provision of the diode Dl as the protection 

element allows the overcurrent to promptly escape from the 

ground potential GND ~o the external terminal 2 through the 

10 diode Dl when the negative overvoltage is applied to the 

external terminal 2. It is therefore possible to improve 

the ESD resistance to the negative overvoltage. That is, 

since the present embodiment 1 can obtain high ESD 

resistance to both the positive and negative overvoltages 

15 applied to the external terminal 2, the yield and 

reliability of the semiconductor.integrated circuit device 

can be improved. 

(2) owing to the formation of the protection element by 

the diode Dl, the ESD resistance to both the positive and 

20 negative overvoltages applied to the external terminal can 

be improved without incurring a significant increase in 

entire occupied area of the protection circuit. 

[Embodiment 2] 

Fig. 7 is a circuit diagram showing a protection 

25 circuit of a semiconductor integrated circuit device 

according to another embodiment of the present invention. 

Fig. 8 is a fragmentary plan view .of a protection circuit 

region of the semiconductor integrated circuit device shown 
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in Fig. 7. Fig. 9 is a cross-sectional view taken along 

line IX - IX of Fig. 8. 

In the present embodiment 2, a diode D2 is further 

added to the protection circuit described in the embodiment 

5 1 as shown in Fig. 7. The diode D2 serves as a protection 

element activated when a negative excessive voltage or 

negative overvoltage is applied to an external terminal 2 

to thereby allow electrical charges to escape. Further, 

the diode D2 is electrically connected between the external 

10 terminal 2 and a ground.potential GND so that the diode D2 

is connected in the forward direction when the negative 

overvoltage is applied to the external terminal 2. 

Incidentally, the diode D2 may be provided only in a 

stage prior to either an input circuit or an output 

15 circuit. Alternatively, the diode D2 may be· provided in 

stages prior to peripheral circuits of both the input 

circuit and the output circuit. 

One example of a device structure about the protection 

circuit of the semiconductor integrated circuit device 

20 according to the present embodiment 2 will be shown in 

Figs. 8 and 9. Fig. 8 is a plan view of the device 

structure and Fig. 9 is a cross-sectional view taken along 

line IX - IX of Fig. 8. 

The protection circuit employed in the present 

25 embodiment 2 is identical in structure to the protection 

circuit employed in the embodiment 1. The protection 

circuit employed in the present embodiment 2 is different 

from that employed in the previous embodiment 1 in the 

following points. 
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That is, a p+-type semiconductor region (ninth 

semiconductor region) 7p3 is formed in upper layers of p 

~ wells Sp so as to surround a diode Dl and bipolar 

transistors Qla and Qlb. The p+-type semiconductor region 

5 7p3 contains, for example, boron corresponding to a p-type 

impurity. The impurity is simultaneously implanted in 

other p+-type semiconductor regions 7pl and 7p2 using the 

same mask upon ion implantation of other p+-type 

semiconductor regions 7pl and 7p2. 

10 The p+-type semiconductor region 7p3 is electrically 

connected to a first layer interconnection lOd through 

connecting holes 9e defined in an interlayer insulator 8a. 

Further, the p+-type semiconductor region 7p3 is also 

electrically connected to the ground potential GND. The 

15 diode D2 is composed principally of the p+-type 

semiconductor region 7p3, the p wells Sp, a p-type 

semiconductor substrate 4, an n well 5nl and an n+-type 

semiconductor region 7nl. 

That is, the present embodiment 2 has a structure in 

20 which the diode D2 is disposed so as to surround the diode 

Dl and the bipolar transistors Qla and Qlb. Thus, when the 

negative overvoltage is applied to the external terminal 2, 

the present embodiment 2 is capable of promptly discharging 

the overcurrent developed in the forming region of the 

25 protection circuit 1 in the semiconductor substrate 4 as 

compared with the previous embodiment 1. 

[Embodiment 3] 

A semiconductor integrated circuit device according to 

an embodiment 3 of the present invention will next be 
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explained with reference to Figs. 10 through 17. 

Incidentally, groun~ sources GND and GNDl will be basically 

electrically connected to ground source supply external 

terminals in the subsequent description. Further, a ground 

5 source GND2 is a power source produced from an internal 

power source of the semiconductor integrated circuit device 

and will be electrically connected to a ground source 

supply external terminal through the internal power source. 

· A circuit structure of the semiconductor integrated 

10 circuit device according to the present embodiment 3 will 

first be explained with reference to Figs. 10 through 14. 

Since a protection circuit 1 is identical in circuit 

configuration to that employed in the previous embodiment 1 

as shown in Fig. 10, its detailed description will be 

15 omitted. The emitter region of the bipolar transistor Qla 

constituting a thyristor and p type semiconductor region of 

the diode Dl are disposed within the same well. 

Further, a peripheral circuit 3 provided in a stage 

posterior to the protection circuit 1 has a resistor Rl for 

20 the protection circuit 1, diodes D3 and D4 for the 

protection circuit 1, which are provided in a stage 

subsequent to the resistor Rl, and an inverter INVl for an 

input circuit, which is provided in a stage subsequent to 

the diodes D3 and D4. The inverter INVl is configured such 

25 that a p channel MOS·FET Q2a and an n channel MOS·FET Q2b 

are series-connected between a power source VCC and a 

ground source GND. An output OUT of the inverter INVl is 

electrically connected to an internal circuit of the 

semiconductor integrated circuit device. Incidentally, the 
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ground source GND for the protection circuit 1 and the 

ground source GND for the resistor Rl, the diodes Dl and D2 

and the inverter INVl are placed in common use. 

The resistor Rl is placed between an external terminal 

5 2 and the input of the inverter INVl and provided in a 

stage posterior to the protection circuit 1 and is 

electrically connected to a stage anterior to the diodes D3 

and D4. Further, the resistor Rl has the function of 

preventing an overcurrent from flowing into the inverter 

10 INVl and increasing an impedance as seen from the external 

terminal 2 side to thereby allow electrical charges borne 

on an interconnection or the like on the input side of the 

inverter INVl to easily escape to the external terminal 

side through the diodes D3 and D4 and a power source 

15 interconnection. 

Further, the diodes D3 and D4 are respectively 

electrically connected between an input gate electrode of 

the inverter INVl and the power source VCC and between the 

input gate electrode· thereof and the ground source GND so 

20 that they are connected in the reverse direction. When the 

electrical charges borne inside the semiconductor 

integrated circuit device are discharged by grounding the 

external terminal 2 upon an electrostatic breakdown test or 

the like by a CD (Charged Device) method, the diodes D3 and 

25 D4 have the function of preventing the occurrence of the 

difference between a potential on an input interconnection 

(including metal wiring and gate electrodes on the input 

side) of the inverter INV1 and a potential on a 

semiconductor region (diffused layer) for a well on the 
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side of a semiconductor substrate with the MOS·FETs Q2a and 

Q2b of the inverter INVl disposed thereon or for the 

sources·drains of the MOS·FETs Q2a and Q2b. That is, the 

diodes D3 and D4 prevent voltages that break down gate 

5 insulating films of the MOS·FETs Q2a and Q2b from being 

applied to the gate insulating films. In the semiconductor 

substrate, the diodes D3 and D4 are disposed within a well 

different from that for the diode Dl of the protection 

circuit 1 as will be described later. 

10 A reference technique having no protection circuit 

(resistor Rl and diodes D3 and D4)" at the input stage of 

the inverter INVl will now be shown in Figs. 32 and 33. 

Fig. 32 shows an inverter INV31 driven by a power source 

VCC31. The inverter INV31 is configured in such a manner 

15 that a p channel MOS·FET Q31a and an n channel MOS·FET Q31b 

are electrically connected in series between the power 

source VCC31 and a ground source GND. Symbol qg indicate 

electrical charges borne on the input interconnection side 

(including metal wiring and gate electrodes) of the 

20 inverter INV31. Symbol qSd indicate electrical charges 

borne on the output side (on the side of a semiconductor 

region (diffused layer) for a well and sources·drains on 

the semiconductor substrate side in which the MOS·FETs Q2a 

and Q2b of the inverter INVl are disposed) . When the 

25 external terminal 2 is grounded in this construction, the 

electrical charges qg on the input sides of the MOS·FETs 

Q31a and Q3lb are rapidly discharged. However, the 

electrical charges qSd on the output interconnection sides 

of the MOS·FETs Q31a and Q31b are slowly discharged through 
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5 

the semiconductor substrate and the power source VCC31. 

The relationship between the time required to discharge the 

electrical charges and the amount of electrical charges 

(potential difference) in this case is shown in Fig. 33. 

It is understood that a large difference in discharge time 

occurs between the electrical charges qg on the input sides 

of the MOS·FETs Q31a and Q31b and the electrical charges 

qSd on the output sides the~eof. Due to the difference in 

discharge time, a high potentiai difference is 

10 instantaneously applied to the gate insulating films of the 

MOS·FETs Q31a and Q3lb, so that the gate insulating films 

lead to breakdown. 

Thus; the present embodiment 3 has a structure in 

which as shown in Figs. 10 and 11, when the external 

15 terminal 2 is grounded the electrical charges qSd borne on 

the output interconnection side of the inverter INVl can be 

rapidly discharged to the input side through the diodes D3 

and D4 by electrically connecting the resistor Rl and the 

diodes D3 and D4 for the protection circuit to the input 

20 stage of the inverter INVl. As a result, the difference in 

. discharge time between the electrical charges qg on the 

input interconnection side of the inverter INVl and the 

electrical charges qSd on the output side of the inverter 

INVl can be lessened. Thus, since the high voltage can be 

25 prevented from being instantaneously applied to the gate 

insulating films of the MOS·FETs Q2a and Q2b in the 

inverter INVl due to the difference in discharge time, the 

gate insulating films can be prevented from breaking down, 
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and the yield and reliability of the semiconductor 

integrated circuit device can be improved. 

Such protection circuit elements in the peripheral 

circuit 3 are not necessarily_limited to the diodes D3 and 

5 D4. Various changes can be made thereto. In place of the 

diodes D3 and D4 shown in Fig. 10, for example, a p channel 

MOS·FET Q3a and an n channel MOS·FET Q3b may be diode­

connected as shown in Fig. 13. Since, in this case, each 

MOS·FET can provide a breakdown voltage lower by about lV 

10 than that of each diode, the MOS·FETs result in a structure 

easy to perform the above charge discharging operation-. 

Accordingly, the above discharge of electrical charges can 

be rapidly performed. 

Further, bipolar transistors may be diode-connected in 

15 place of the diodes D3 and D4 shown in Fig. 10. Since the 

bipolar transistors are higher than the diodes in driving 

capability in this case, the bipolar transistors result in 

a structure capable of rapidly performing the above 

discharge of electrical charges. 

20 As shown in Fig. 14, a ground source GNDl used for a 

diode Dl and bipolar transistors Qla and Qlb in a 

protection circuit 1 and a ground source GND2 used for 

diodes D3 and D4 and an inverter INVl in a peripheral 

circuit 3 are electrically separated from each other. That 

25 is, ground source voltages are supplied to the protection 

circuit 1 and the peripheral circuit 3 through separate 

ground source interconnections respectively. The ground 

sources GNDl and GND2 may be equal to or different in 

potential from each other. Owing to the separation of the 
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ground sources GNDl and GND2 from each other in this way, 

the potential of the ground source in the other circuit can 

be prevented from varying due to a variation in potential 

developed on one circuit side. 

5 A device structure corresponding to the circuit 

portion of Fig. 10 will next be described with reference to 

Figs. 15 through 17. Figs. 15 and 16 are respectively a 

plan view corresponding to the protection circuit 1 shown 

in Fig. 10 and a cross-sectional view taken along line X -

10 Y thereof. The same hatching is affixed to the same 

regions to make it easy to understand the drawings in Figs. 

15 and 16. 

The device structure of the protection circuit 1 is 

also basically identical to that in the embodiment 1. In a 

15 manner similar to the embodiment 1 even in the case of the 

present embodiment 3, a p-type semiconductor region 7p2 

serving as the emitter of a pnp bipolar transistor Qla 

constituting a thyristor, and a p-type semiconductor region 

7pl of the diode Dl are provided within one n well 5nl in a 

20 state of being close to each other. An interconnection or 

wiring structure (wiring layout and wiring connections or 

the like) will now be described in detail. The bipolar 

transistors Qla and Qlb constituting the thyristor are 

electrically connected to an external terminal 2 through a 

25 first layer interconnection lOa and a second layer 

interconnection 12a. A pattern configuration of the first 

layer interconnection lOa is shaped in rectangular form so 

as to cover an n+-type semiconductor region 7nl and the p+­

type. semiconductor region 7p2. Further, first layer 
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5 

interconnections lOb and lOc are molded in one piece and 

their pattern configurations are formed in a plane inverted 

U-shaped frame so as to cover the p+-type semiconductor 

region 7pl and an n+-type semiconductor region 7n3 and so 

that the first layer interconnections lOb and lOc are 

electrically connected to one another. These first layer 

interconnections lOa through lOc are covered with an 

interlayer insulator 8b. The interlayer insulator 8b is 

made of, for example, sio2 or the like and second layer 

10 interconnections 12a through 12c each composed of, for 

example, Al or an Al-Si-CU alloy are formed in an upper 

surfac.e thereof. 

The second layer interconnection 12a is electrically 

connected to the first layer interconnection lOa through 

15 connecting holes 9e. A pattern configuration of the second 

layer interconnection 12a is basically shaped in 

rectangular form so as to cover a part of an n+-type 

semiconductor region 7n2, the p+-type semiconductor region 

7p2, the n+-type semiconductor region 7nl, the p+-type 

20 semiconductor region 7pl and a part of a p well 5pl. 

Incidentally, the second layer interconnection 12a has a 

pattern portion 12al narrow in width, which is integrally 

provided at a portion thereof. The pattern portion 12al is 

shaped so that a portion of the second layer 

25 interconnection 12a extends in an upward direction as seen 

in Fig. 15 and its leading end is bent in a direction 

perpendicular to its extending direction and slightly 

extends in a right direction as seen in Fig. 15. The 

pattern portion 12al is electrically connected to one end 
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of a first layer interconnection lOe through a connecting 

hole 9f. Further, the other end of the first layer 

interconnection lOe is electrically connected to the second 

layer interconnection 12b through a connection hole 9g. 

5 The second layer interconnection 12b is electrically 

connected to the protection circuit resistor Rl described 

in Fig. 10. Further, the second layer interconnection 12c 

is electrically connected to the first layer 

interconnection lOc through connecting holes 9h. The 

10 second layer interconnection 12c is an interconnection for 

su~plying the ground source GND. A pattern configuration 

thereof is formed relatively wide and is shaped into a band 

or strip pattern so as to cover a portion of the n+-type 

semiconductor region 7n2 and portions of an n well 5n2 and 

15 a p well Sp. These second layer interconnections 12a 

through 12c are covered with an interlayer insulator Be. 

The interlayer insulator Be is made of, for example, sio2 

or the like. The external terminal 2 made of, for example, 

Al or Al-Si-Cu alloy is formed on an upper surface of the 

20 interlayer insulator 8c. Incidentally, the second layer 

interconnection 12c is electrically connected to the ground 

source GND. 

The external terminal 2 is electrically connected to 

the second layer interconnection 12a through connecting 

25 holes 9i. The external terminal 2 is disposed above a 

field insulating film 6 and a pattern configuration thereof 

is shaped substantially in square form. However, a portion 

(corresponding to a position where the connecting holes 9i 

are disposed) where the external terminal 2 is connected to 
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the second layer interconnection 12a, partially extends for 

- the corresponding connection. Incidentally, bonding wires 

made of, for example, gold (Au) or Al or the like are 

directly joined to the external terminal 2. The external 

5 terminal 2 is electrically connected to leads of a package 

through the bonding wires. There may be cases in which the 

external terminal 2 is electrically connected to the leads 

of the package through bump electrodes in place of the 

bonding wires. Incidentally, a portion of the external 

10 terminal 2 is covered with a surface protective coat or 

film. The surface protective film is composed of, for 

example, a single layer film of Si02, a layered film 

obtained by stacking silicon nitride on Sio2 or a layered 

film obtained by stacking a polyimide resin on these. 

15 On the other hand, Fig. 17 is a cross-sectional view 

corresponding to the protection circuit shown in Fig. 10. 

As shown in Fig. 17, an n well 13n and a p well 13p 

are provided at an upper portion of a semiconductor 

substrate 4. The n well 13n and the p well 13p are formed 

20 within a region different from that for the above-described 

n well Snl and the p well Sp (see Figs. 15 and 16) and are 

also electrically separated from one another. For example, 

phosphorus or arsenic (As) corresponding to an n-type 

impurity is introduced into the n well 13n. Further, the 

25 above-described p channel MOS·FET Q2a, the above-described 

.diode D3 and an n-type semiconductor region 14n for the 

supply of a well potential are formed within a region for 

the n well 13n. For example, boron corresponding to a p­

type impurity is introduced into the p well 13p. Further, 
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the above-described n channel MOS·FET Q2b, the above­

described diode D4 and a p-type semiconductor region 14p 

for the supply of a well potential are formed within a 

region for the p well 13p. Thus, a CMOS (Complementary 

5 MOS) circuit type inverter INVl is constructed of the 

MOS·FETs Q2a and Q2b. Incidentally, for example, the boron 

corresponding to the p-type impurity is introduced into the 

p-type semiconductor region 14p for the supply of the well 

potential, whereas, for example, the phosphorus or As 

10 corresponding to the n-type impurity is introduced into the 

n-type semiconductor region 14n for the supply of the well 

potential. 

The p channel MOS·FET Q2a constituting the inverter 

INVl has a pair of p+-type semiconductor regions 15ps and 

15 15pd formed in an upper portion of the n well 13n so as to 

be separated from each other, a gate insulating film 15pi 

formed on the. semiconductor substrate 4 and a gate 

electrode 15pg formed on the gate insulating film 15pi. 

Incidentally, a channel region for the MOS·FET Q2a is 

20 formed between the pair of p+-type semiconductor regions 

15ps and 15pd. 

For example, the boron corresponding to the p-type 

impurity is introduced into the p+-type semiconductor 

regions 15ps and 15pd. The·p+-type semiconductor region 

25 15ps is electrically connected to a power source VCC on the 

high potential side. Incidentally, a diode D5 is formed in 

a region in which the n well 13n makes contact with the 

semiconductor substrate 4. 
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The gate insulating film 15p.i is made of, for example, 

sio2. The gate electrode 15pg is made of, for example, 

polysilicon having a low resistance. However, the gate 

electrode 15pg is not limited to being formed of the single 

5 film of the low-resistance polysilicon. The gate electrode 

15pg may be configured as a structure wherein a silicide 

film such as a tungsten silicide film or the like is 

stacked on the low-resistance polysilicon. As an 

alternative to this, the gate electrode 15pg may be formed 

10 as a structure wherein a metal film such as a tungsten film 

or the like is stacked on the low-resistance polysilicon 

with a barrier metal film or the like such as a titanium 

nitride film or the like interposed therebetween. 

The diode D3 formed within the same n well 13n as the 

15 MOS·FET Q2a is formed in a.region in which then well 13n 

makes contact with a p+-type semiconductor region 16p 

formed in its upper portion. One terminal of the diode D3 

is electrically connected to the gate electrodes 15ng and 

15pg of the inverter INVl, whereas the other terminal 

20 thereof is electrically connected to the high potential 

power source VCC through the n well 13n. Incidentally, for 

example, the boron corresponding to the p-type impurity is 

introduced into the p+-type semiconductor region 16p. 

On the other hand, the n channel MOS·FET Q2b 

25 constituting the inverter INVl has a pair of n+-type 

semiconductor regions 15ns and 15nd formed in an upper 

portion of the p well 13p so as to be separated from each 

other, a gate insulating film 15ni formed on the 

semiconductor substrate 4 and a gate electrode 15ng formed 
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on the gate insulating film 15ni. Incidentally, a channel 

region for the MOS·FET Q2b is formed between the pair of 

n+-type semiconductor regions 15ns and 15nd. 

For example, the phosphorus or As corresponding to the 

5 n-type impurity is introduced into the n+-type 

semiconductor regions 15ns and 15nd. The n+-type 

semiconductor region 15ns is electrically connected to a 

ground source GND. The gate insulating film 15ni is made 

of, for example, sio2. The gate electrode lSng is composed 

10 of, for example, polysilicon having a low resistance. 

However, the gate electrode 15ng is not limited to being 

formed of the single film of the low-resistance 

polysilicon. The gate electrode 15ng may be· configured as 

a structure wherein a silicide film such as a tungsten 

15 silicide or the like is stacked on the low-resistance 

polysilicon. As an alternative to this, the gate electrode 

15ng may be formed as a structure wherein a metal film such 

as a tungsten film or the like is stacked on the low­

resistance polysilicon with a barrier metal film or the 

20 like such as a titanium nitride film or the like interposed 

therebetween. Incidentally, the gate electrode 15ng is 

electrically connected to the gate electrode 15pg, an n+­

type semiconductor region 16n, the p+-type semiconductor 

region 16p and the resistor Rl through interconnections. 

25 The diode D4 formed within the same P well 13p as the 

MOS·FET Q2b is formed in a region in which the p well 13p 

makes contact with the n+-type semiconductor region 16n 

formed in its upper portion. The diode D4 is electrically 

connected to the resistor Rl through a first layer 
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interconnection lOf, whereas the other terminal thereof is 

electrically connected to the ground source GND through the 

p well 13p. Incidentally, for example, the phosphorus or 

As corresponding to the n-type impurity is introduced into 

5 the n+-type semiconductor region 16n. 

An interlayer insulator 8a is formed on such a 

semiconductor substrate 4 so that the MOS·FETs Q2a and Q2b, 

diodes D3 and D4, etc. are covered· therewith. The first 

layer interconnection lOf and first layer interconnections 

10 lOh through lOi each composed of, for example, Al or an Al­

Si-Cu alloy or the like are formed on the interlayer 

insulator 8a. The first layer interconnection lOf is 

electrically connected to the n+-type semiconductor region 

16n through corinecting holes 9j. The first layer 

15 interconnection lOg is electrically connected to the p+­

type semiconductor region 14p and the n+-type semiconductor 

region 15ns through connecting holes 9k. The first layer 

interconnection lOg is electrically. connected to the ground 

source GND. The first layer interconnection lOh is 

20 electrically connected to the n+-type semiconductor region 

15nd and the p+-type semiconductor region 15pd through 

connecting holes 9m. The first layer interconnection lOh 

constitutes an output interconnection for the inverter INVl 

and is electrically connected to an internal circuit of the 

25 semiconductor integrated circuit device.· Further, the 

first layer interconnection lOi is electrically connected 

to the semiconductor region 15ps and the n+-type 

semiconductor region 14n through connecting holes 9n. The 
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first layer interconnection lOi is electrically connected 

to the high potential power source VCC. 

The embodiment 3 described above can bring about the 

same advantageous effects as those obtained in the 

5 embodiment 1. 

10 

[Embodiment 4] 

A semiconductor integrated circuit device according to 

an embodiment 4 of the present invention will next be 

described with reference to Figs. 18 through 20. 

A circuit structure of the semiconductor integrated 

circuit device according to the present embodiment 4 will 

first be explained with reference to Fig. 18. Since a 

peripheral circuit 3 is identical in circuit configuration 

to that in the previous embodiment 3 (see Figs. 10, 13 and 

15 14), its detailed description will be omitted. 

In the present embodiment 4, a resistor R2 and an n 

channel MOS·FET Q4 are added to a protection circuit 1 as 

well as a diode Dl and a thyristor (bipolar transistors Qla 

and Qlb). That is, the resistors Rl and R2 are interposed 

20 between an external terminal 2 and the input of an inverter 

INVl in the peripheral circuit 3. Further, then channel 

MOS·FET Q4 is electrically connected between an 

interconnection for connecting the resistors Rl and R2 to 

each other and a ground source GND in a state in which a 

25 gate electrode thereof is being connected to the ground 

source GND. Those other than the above are identical to 

those in the embodiment 3. The emitter region of the 

bipolar transistor Qla constituting a thyristor and p type 

semiconductor region of the diode Dl are disposed within 
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the same well and the n channel MOS·FET Q4 is disposed in 

the vicinity of the thyristor. 

The resistor R2 has the function of limiting the 

amount of current that flows on the MOS·FET Q4 side and 

5 preventing gate breakdown of the MOS·FET Q4. Further, the 

MOS·FET Q4 has the function of setting an emitter electrode 

of the bipolar transistor Qlb constituting the thyristor of 

the protection circuit 1 in the forward direction so as to 

inject holes into its base electrode, thereby making it 

10 easy to activate the bipolar transistor Qlb to urge the 

thyristor to operate. Incidentally, the MOS·FET Q4 is a 

trigger element for turning on the thyristor but not an 

element for allowing an excessive current or overcurrent on 

the external terminal 2 side to escape toward the ground 

15 source GND through the MOS·FET Q4. Therefore, the current 

that flows through the MOS·FET Q4, is restricted by the 

resistor R2. The ground sources GND for the thyristor, 

diodes Dl and MOS·FET Q4 of the protection circuit 1 are 

the same and not classified into separate form in 

20 particular. 

A device structure associated with the protection 

circuit 1 shown in Fig. 18 will next be described with 

reference to Figs. 19 and 20. Figs. 19 and 20 are 

respectively a plan view corresponding to the protection 

25 circuit 1 shown in Fig. 18 and a cross-sectional vfew taken 

along line X - Y thereof. The same hatching is affixed to 

the same regions to make it easy to understand the drawings 

in Figs. 19 and 20. 
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The device structure employed in the present 

embodiment 4 is basically identical to those employed in 

the embodiments 1 and 3 except for the addition of the n 

channel MOS·FET Q4. The n channel MOS·FET Q4 has a pair of 

5 n+-type semiconductor regions 7n3 and 7n4 formed in· an 

upper portion of a semiconductor substrate 4, a gate 

insulating film 17ni formed on the semiconductor substrate 

4, and a gate electrode 17ng formed on the gate insulating 

film 17ni. The n+-type semiconductor regions 7n3 and 7n4 

10 are semiconductor regions for the source·drain of the 

MOS·FET Q4 and are formed by introducing phosphorus or As 

corresponding to an n-type impurity thereto. One n+-type 

semiconductor region 7n3 is a region that constitutes a 

part of the bipolar transistor Qlb as described above. 

15 Further, the n+-type semiconductor region 7n3 also 

corresponds to a part of the MOS·FET Q4 in the present 

embodiment 4 and is formed so as to extend across a p well 

5p2, an n well 5n2 and a p well 5p3. The n+-type 

semiconductor region 7n3 is electrically connected to a 

20 first layer interconnection lOb, the gate electrode 17ng 

and the ground source GND through a first layer 

interconnection lOc and a second layer interconnection 12c. 

Further, the other n+-type semiconductor region 7n4 is 

formed within the p well 5p3. The n+-type semiconductor 

25 region 7n4 is electrically connected to a first layer 

interconnection lOj through connecting holes 9p·. Further, 

the n+-type semiconductor region 7n4 is also electrically 

connected to the interconnection between the resistors Rl 

and R2 with the first layer interconnection lOj or the like 
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interposed therebetween. Incidentally, a channel region 

for the MOS·FET Q4 is formed in a region for the p well 5p3 

between the pair of n+-type semiconductor regions 7n3 and 

7n4. 

The gate insulating film 17ni of the MOS·FET Q4 is 

made up of, for example, Si02 and has a film thickness 

equal to that of a gate insulating film of each of a PMOS 

Q2a and an NMOS Q2b. The gate electrode 17ng is made of, 

for example, low-resistance polysilicon. However, the gate 

10 electrode 17ng is not limited to being formed of a single 

·film of the low-resistance polysilicon. The gate electrode 

17ng may be configured as a structure wherein a silicide 

film such as a tungsten silicide or the like is stacked on 

the low-resistance polysilicon. As an alternative to this, 

15 the gate electrode 17ng may be formed as a structure 

wherein a metal film such as a tungsten film or the like is 

stacked on the low-resistance polysilicon with a barrier 

metal film or the like such as a titanium nitride film or 

the like interposed therebetween. 

20 A pattern portion 12al of a second layer 

interconnection 12a is electrically connected to a first 

layer interconnection through a connecting hole 9r. 

Further, the pattern portion 12al is electrically connected 

to one end of the resistor R2 through a connecting hole 

25 9sl. The resistor R2 is composed of, for example, the low­

resistance polysilicon and is set to a predetermined sheet 

resistance value. The other end of the resistor R2 is 

electrically connected to the first layer interconnection 

lOj through a connecting hole 9s2. Further, the other end 
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thereof is electrically connected to a second layer 

interconnection 12d through a connecting hole 9t. The 

second layer interconnection 12c for the· ground source GND 

is electrically connected to the first layer 

5 interconnections lOb and lOc through connecting holes 9h . 

. Further, portions of the first layer interconnections lOb 

and lOc are electrically connected to the gate electrode 

17ng of the MOS·FET Q4 through a connecting hole 9u. Thus, 

the gate electrode 17ng is electrically connected to the 

10 n+-type semiconductor region 7n3, p+-type semiconductor 

region 7pl and ground source GND. 

According to the present embodiment 4 described above,· 

the following advantageous effects can be obtained in 

addition to the advantageous effects obtained in the 

15 previous embodiment 1. That is, the provision of the 

MOS·FET Q4 permits quick driving of the thyristor 

constituting the protection circuit 1 and allows the 

overcurrent on the external terminal 2 side to rapidly 

escape to the ground source GND side. It is thus possible 

20 to improve an ESD characteristic and enhance the yield and 

reliability of the semiconductor integrated circuit device~ 

[Embodiment 5] 

A semiconductor integrated circuit device according to 

an embodiment 5 of the present invention will next be 

25 described with reference to Figs. 21 through 23. 

A circuit structure of the semiconductor integrated 

circuit device according to the embodiment 5 is first shown 

in Fig. 21. Since a protection circuit 1 is identical in 

circuit configuration to that employed in the previous 
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embodiment 2 (see Fig. 7), its detailed description will be 

omitted. The emitter region of the bipolar transistor Qla 

constituting a thyristor and p type semiconductor region of 

the diode Dl are disposed within the same well and a diode 

D2 is disposed in the neighborhood of the thyristor. 

Further, a common ground source is used as ground sources 

GND for the diodes Dl and D2 in a manner similar to the 

previous embodiment 2. Since a peripheral circuit 3 

provided posterior to the protection·circuit 1 is also 

10 identical to that employed in the previous embodiment 3 

(see Figs. 11, 13 and 14), its detailed description will be 

omitted. 

A device structure corresponding to a circuit portion 

shown in Fig. 21 is next illustrated in Figs. 22 and 23. 

· 15 Figs. 22 and 23 are respectively a plan view corresponding 

to the protection circuit 1 shown in Fig. 21 and a cross­

sectional view taken along line X - Y thereof. 

Incidentally, the same hatching is affixed to the same 

regions to make it easy to understand the drawings in Figs. 

20 22 and 23. 

The device structure of the protection circuit 1 is 

also basically identical to that employed in the embodiment 

2. In a manner similar to the embodiment 2 even in the 

case of the present embodiment 5 in particular, the p type 

25 semiconductor region of the diode Dl is provided within the 

same n well 5nl as the emitter region of the bipolar 

transistors Qla in a state of being close to the bi~olar 

transistors Qla and Qlb (thyristor) each other. Further, a 

p+-type semiconductor region 7p3 is formed in an upper 
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portion of a p well Sp on a semiconductor substrate 4 in 

frame form so as to surround the diode Dl and the bipolar 

transistors Qla and Qlb, whereby a diode D2 is provided. 

Further, the present embodiment 5 is also 

5 substantially identical in wiring structure to the 

embodiment 3. In the present embodiment 5 in particular, a 

frame-shaped first layer interconnection lOk is provided at· 

an upper layer of the p+-type semiconductor region 7p3 

along the shape of the p+-type semiconductor region 7p3. 

10 The first layer interconnection lOk is composed of, for 

example, Al or an Al-Si-CU alloy and is electrically 

connected to the p+-type semiconductor region 7p3 through 

connecting holes 9v. The connecting holes 9v are disposed 

in plural form along the line of the first layer 

15 interconnection lOk. Further, a second layer 

interconnection 12c is a broad ground source 

interconnection for supplying the ground source GND in a 

manner similar to the embodiment 3. However, the present 

interconnection is electrically connected to a first layer 

20 interconnection lOc and the first layer interconnection lOk 

through connecting holes 9h and 9w and serves as the ground 

source interconnection common to the diodes Dl and D2. 

The above-described embodiment 5 can also obtain the 

same advantageous effects as those obtained in the previous 

25 embodiment 2. That is, in the present embodiment 5, an 

excessive current or overcurrent can be promptly discharged 

to the ground potential GND through both the diodes Dl and 

D2 when a negative overvoltage is applied to an external 

terminal 2. 

- 51 -



[Embodiment 6] 

A semiconductor integrated circuit device according to 

an embodiment 6 of the present invention will next be 

described with reference to Figs. 24 through 26. A circuit 

5 structure of the semiconductor integrated circuit device 

according to the present embodiment 6 is first shown in 

Fig. 24. A protection circuit 1 is substantially identical. 

in circuit configuration to that employed in the previous 

embodiment 2 (see Fig. 7). However, ground sources GNDl 

10 and GND2 are respectively separately used for a thyristor 

(bipolar transistors Qla and Qlb) and a diode Dl, and a 

diode D2 in the present embodiment 6. The ground sources 

GNDl and GND2 are electrically separated from each other. 

The present embodiment 6 shows the case in which the 

15 present·invention is applied to, for ~xample, a product for 

setting the potential at a semiconductor substrate to a 

negative potential. Although not limited in particular, 

the ground source GNDl is set to, for example, about O 

(zero)V and the ground source GND2 is set to, for example, 

20 about -1. 5V. 

The emitter region of the bipolar transistor Qla 

constituting the thyristor and the p type semiconductor 

region of the diode Dl are disposed within the same well 

and the "diode D2 is disposed in the neighborhood of the 

25 thyristor. Since a peripheral circuit 3 provided posterior 

to the protection circuit 1 is identical to that employed 

in the embodiment 3 (see Figs. 10, 13 and 14), its detailed 

description will be omitted. 
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A device structure corresponding to a circuit portion 

shown in Fig. 24 will next be described with reference to 

Figs. 25 and 26. Figs. 25 and 26 are respectively a plan 

view corresponding to the protection circuit 1 shown in 

5 Fig. 24 and a cross-sectional view taken along line X - Y 

thereof. Incidentally, the same hatching is affixed to 

the same regions to make it easy to understand the drawings 

in Figs. 25 and 26. 

The device structure of the protection circuit 1 is 

10 also basically identical to that employed in the embodiment 

2 .. In a manner similar to the embodiments 2 and 5 even in 

the case of the present ·embodiment 6 in particular, the p 

type semiconductor region of the diode Dl is provided 

within the same n well 5nl as the emitter region for 

15 bipolar transistors Qla in a state of being close to the 

bipolar transistors Qla and Qlb (thyristor) each other. 

Further, a p+-type semiconductor region 7p3 is formed in an 

upper portion of a p well Sp on a semiconductor substrate 4 

in frame form so as to surround the diode Dl and the 

20 bipolar transistors Qla and Qlb, whereby a diode D2 is 

provided. 

Particularly, the present embodiment 6 shows one in 

which consideration is given to the case where the present 

invention is applied to, for example, a product for setting 

25 the potential at the semiconductor substrate 4 to a 

negative potential by an internal power source. Since the 

diode D2 is placed within the p well 5p in this case, the 

diode D2 is electrically connected to the ground source 

GND2 set by the negative potential at the semiconductor 
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substrate 4, i.e., the internal power source. Such a 

structure will cause a case in which since the ground 

source GND2 is produced from the internal power source, the 

above-described overcurrent cannot escape to the ground 

5 source GND2 side through the diode D2. 

However, since the diode Dl of the protection circuit 

1 is provided within the n well 5nl electrically separated 

from the semiconductor substrate 4 in the present 

embodiment 6, the diode Dl can be electrically connected to 

10 the ground source GNDl set by an external power source. 

Thus, even if a negative overvoltage is applied to an 

external terminal 2, an excessive current or overcurrent 

produced by its application can be promptly discharged to 

the ground source GNDl through the diode Dl. Therefore, 

15 ESD resistance can be enhanced even in the case of the 

product for setting the potential at the semiconductor 

substrate 4 to the negative potential by the internal power 

source. 

In such a wiring structure employed in the present 

20 embodiment 6, second layer interconnections 12cl and 12c2 

for the two ground sources are placed in a second wired 

layer. The second layer interconnection 12cl is a ground 

source interconnection for supplying the ground source 

GNDl, which is electrically connected to a first layer 

25 interconnection lOb through connecting holes 9h. Further, 

the second l~yer interconnection 12cl is also electrically 

connected to the diode Dl and the bipolar transistors Qla 

and Qlb (thyristor) through the first layer interconnection 

lOb. Further, the second layer interconnection 12c2 is a 
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ground source interconnection for supplyin_g the ground 

source GND2, which is electrically connected to a first 

layer interconnection lOk through connecting holes 9w. 

Further, the second layer interconnection 12c2 is also 

electrically connected to the diode D2 through the first 

layer interconnection lOk. 

· Thus, according to the present embodiment 6, even if 

the present invention is applied to the product for setting 

the potential of the semiconductor substrate 4· to a 

10 predetermined potential, the present embodiment can obtain 

the same advantageous effects as those obtained in the 

embodiment 2. 

[Embodiment 7] 

A semiconductor integrated circuit device according to 

15 an embodiment 7 of the present invention will next be 

described with reference to Fig. 27. A protection circuit 

1 employed in the present embodiment 7 is a combination of 

the embodiment 4 (see Fig. 18) and the embodiment 5 (see 

Fig. 21) and has a resistor R2, an n channel MOS·FET Q4 and 

20 a diode D2 in addition to the thyristor (bipolar 

transistors Qla and Qlb) and the diode Dl. That is, in the 

present embodiment 7, the resistors Rl and R2 are 

interposed between an external terminal 2 and the input of 

an inverter INVl in a peripheral circuit 3. Then channel 

25 MOS·FET Q4 is electrically connected between an 

interconnection for making a connection between the 

resistors Rl and R2 and a ground source GND in a state in 

which a gate electrode thereof is being connected to the 

ground source GND. Further, the diode D2 is electrically 
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connected between the interconnection for establishing the 

connection between the resistors Rl and R2 and the ground 

source GND. 

The emitter region of the bipolar transistor Qla 

5 constituting the thyristor and the p type semiconductor 

region of the diode Dl are disposed within the same well, 

and the MOS·FET Q4 and the diode D2 are disposed in the 

neighborhood of the thyristor. Since a peripheral circuit 

3 provided posterior to the protection circuit 1 is 

10 identical to that employed in the embodiment 3 {see Figs. 

10, 13 and 14), its detailed circuit description will be 

omitted. 

A device structure is constructed by providing the p+­

type semiconduct~r region 7p3 at the upper portion of the p 

15 well Sp as shown in Figs. 22 and 23 so as to surround the 

diode Dl, bipolar transistors Qla and Qlb and MOS·FET Q4 

shown in Figs. 19 and 20 on a plane basis. In this case, 

the second layer interconnection 12c shown in Fig. 19 is 

electrically connected to the n+-type semiconductor region 

20 7n3 of the MOS·FET Q4. Further, the second layer 

interconnection 12c is electrically connected to the p+­

type semiconductor region 7p3 of the diode D2 as shown in 

Figs. 22 and 23. 

The advantageous effects ·obtained in the embodiments 1 

25 through 5 can be obtained even in the case of the present 

embodiment 7. 

[Embodiment 8] 

A semiconductor integrated circuit device acco+ding to 

an embodiment 8 of the present invention will next be 
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described with reference to Fig. 28. A protection circuit 

1 employed in the present embodiment 8 is a combination of 

the embodiment 4 (see Fig. 18} and the embodiment 6 (see 

Fig. 24) and has a resistor R2, an n channel MOS·FET Q4 and 

5 a diode D2 in addition to the thyristor (bipolar 

transistors Qla and Qlb} and the diode Dl. That is, in the 

present embodiment 8, the resistors Rl and R2 are 

interposed between an external terminal 2 and the input of 

an inverter INVl in a peripheral circuit 3. Then channel 

10 MOS·FET Q4 is electrically connected between an 

interconnection for making a connection between the 

resistors Rl and R2 and a ground source GNDl in a state in 

which a gate electrode thereof is being connected to the 

ground source GNDl. Further, the diode D2 is electrically 

15 connected between the interconnection for connecting the 

resistors Rl and R2 to each other and a ground source GND2. 

The ground sources GNDl and GND2 are respectively 

separately used for the thyristor (bipolar transistors Qla 

and Qlb) and the diode Dl, and the diode D2 in the present 

20 embodiment 8. ·The ground sources GNDl and GND2 are 

electrically separated from each other. Although not 

limited in particular, the ground source GNDl is set to, 

for example, about 0 (zero}V and the ground source GND2 is 

set to, for example, about -l.5V. 

25 The present embodiment 8 shows one in which 

consideration is given to the case where the present 

invention is applied to, for example, a product for setting 

the potential at a semiconductor substrate to a negative 

potential by an internal power source. Since the diode D2 
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is placed within the p well Sp (see Figs. 25 and 26) in 

this case, the diode D2 is electrically connected to the 

ground source GND2 set by the internal power source. 

Therefore, there may be cases in which the above-described 

5 overcurrent is not allowed to satisfactorily escape through 

the diode D2. However, since the diode Dl of the 

protection circuit 1 is provided within the n well Snl (see 

Figs. 25 and 26) electrically separated from the 

semiconductor substrate 4, the diode Dl can be electrically 

10 connected to the ground source GNDl set by an external 

power source. Thus, even if a negative overvoltage is 

applied to the external terminal 2, an excessive current or 

overcurrent produced by its application can be promptly 

discha~ged to the ground source GNDl through the diode Dl. 

15 Therefore, ESD resistance can be enhanced even in the case 

of the product for setting the potential at the 

semiconductor substrate to the negative potential by the 

internal power source. 

The emitter region of the bipolar transistor Qla 

20 constituting the thyristor and the p type semiconductor 

region of the diode Dl are disposed within the same well, 

and the MOS·FET Q4 and the diode D2 are disposed in the 

neighborhood of the thyristor. Since a peripheral circuit 

3 provided posterior to the protection circuit 1 is 

25 identical to that employed in the embodiment 3 (see Figs. 

10, 13 and 14), its detailed circuit description will be 

omitted. 

A device structure employed in the present embodiment 

8 is substantially identical to that employed in the 
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embodiment 7. In the present embodiment 8, however, second 

layer interconnections 12cl and 12c2 for the ground sources 

GN'Dl and GND2 are provided as shown in Figs. 25 and 26. 

The second layer interconnection 12cl is electrically 

5 connected to a first layer interconnection lOb through 

connecting holes 9h. Further, the second layer 

interconnection 12cl is electrically connected to the diode 

Dl and the thyristor (bipolar transistors Qla and Qlb) 

through the first layer interconnection lOb. The second 

10 layer interconnection 12c2 is electrically connected to a 

first layer interconnection lOk through connecting holes 

9v. Further, the second layer interconnection 12c2 is 

electrically connected to the diode D2 through the first 

layer interconnection lOk. 

15 Even in the case of the present embodiment 8, the 

advantageous effects obtained in the embodiments 1 through 

4 and 6 can be obtained. 

Although the invention made by the present inventors 

has been described above specifically by the embodiments, 

20 the present invention is not necessarily limited to the 

embodiments 1 through 3. It is needless to say that 

various changes can be made to the invention within the 

scope not departing from the gist or substance thereof. 

The embodiments 1 through 3 have described, for . 

25 ex~ple, the case in which the semiconductor substrate is 

used as the p-type Si. It is however not limited to this. 

The semiconductor substrate may be constructed as n-type 

Si, for example. 
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The embodiments 2 and 3 have described the case in 

which the p+-type semiconductor regions are formed so as to 

surround one by one the protection elements of the 

individual thyristor structures respectively connected to 

the plurality of external terminals. However, the present 

invention is not necessarily limited to this. For example, 

the p+-type semiconductor regions may be formed so as to 

collectively surround, in plural form, the protection 

elements of the individual thyristor structures 

10 respectively connected to the plurality of external 

terminals. 

INDUSTRIAL APPLICABILITY 

As has been described above, ·the semiconductor 

integrated circuit device of the present invention and the 

15 method of manufacturing the same are suitable for use in a 

memory circuit such as a DRAM (Dynamic Random Access 

Memory), an SRAM (Static Random Access Memory) or the like, 

a logic circuit such as a microprocessor or the like, a 

semiconductor integrated circuit device having the memory 

20 circuit and the logic circuit provided on the same 

semiconductor substrate, or an electronic circuit device 

having these. 
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What is claimed is: 

1. A semiconductor integrated circuit device 

comprising: 

a protection element having a thyristor structure, 

5 which is electrically connected between an external 

terminal and a ground potential, said protection element 

being provided on a semiconductor substrate, and 

a diode serving as a protection element electrically 

connected between said external terminal and said ground 

10 potential so that said diode is connected in the forward 

direction when a negative overvoltage is applied to said 

external terminal. 

2. A semiconductor integrated circuit device according 

15 to claim 1, wherein said protection element having the 

thyristor structure includes, 

a first semiconductor region of a conductive type 

opposite to the semiconductor substrate, which is formed in 

an upper layer of the semiconductor substrate; 

20 a second semiconductor region of a conductive type 

opposite to the semiconductor substrate, said second 

semiconductor region being formed in the upper layer of the 

semiconductor substrate so as to be spaced away from said 

first semiconductor region; 

25 a third semiconductor region corresponding to a region 

of a conductive type opposite to said first semiconductor 

region, said third semiconductor region being formed 

between at least said first semiconductor region and said 

second semiconductor region in the semiconductor substrate; 
--------------

- 61 -



111111111111111111111111111111 
* C L M S * 

a fourth semiconductor region formed within said first 

·semiconductor region, constructed by a semiconductor region 

of the same conductive type as said first semiconductor 

region and electrically connected to said external 

5 terminal; 

a fifth semiconductor region formed within said first 

semiconductor region so. as to be adjacent to said fourth 

semiconductor region, constructed by a semiconductor region 

of a conductive type opposite to said first semiconductor 

10 region and electrically connected to said external 

terminal; 

a sixth semiconductor region of the same conductive 

type as said first semiconductor region, said sixth 

semiconductor region having one portion disposed in said 

15 first semiconductor region and the other portion disposed 

in a region between said first semiconductor region and 

said second semiconductor region; and 

a seventh semiconductor region having one portion 

disposed in said second semiconductor region and the other 

20 portion disposed in a region between said first 

semiconductor region and said second semiconductor region 

so as to be spaced away from said sixth semiconductor 

region, said seventh semiconductor region being constructed 

by a semiconductor region of the same conductive type as 

25 said first semiconductor region and being electrically 

connected to said ground potential; 

said diode having an eighth semiconductor region of a 

conductive type opposite to said first semiconductor 

region, said eighth semiconductor region being electrically 
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connected to the ground potential and provided within said 

first semiconductor region. 

3. A semiconductor integrated circuit device according 

5 to claim 2, wherein said fourth semiconductor region and 

said eighth s~iconductor region are disposed so that 

respective long sides thereof are opposed to each other in 

parallel. 

10 4. A semiconductor integrated circuit device according 

to claim 2 or 3, wherein a ninth semiconductor region of a 

conductive type opposite to said first semiconductor region 

is provided in said semiconductor substrate so as to 

surround said protection element having the thyristor 

15 structure and said protection element having the diode 

structure and is electrically connected to the ground 

potential. 

5. A method of manufacturing a semiconductor 

20 integrated circuit device, comprising the following step 

of: 

simultaneously carrying out impurity introducing steps 

for forming said fifth semiconductor region and said eighth 

semiconductor region with the same photoresist patterns as 

25 masks in a manufacturing process of the semiconductor 

integrated circuit device according to claim 2. 
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6. A method of manufacturing a semiconductor 

integrated circuit device, comprising the following step 

of: 

sim~ltaneously performing impurity introducing steps 

5 for forming said fifth semiconductor region, said eighth 

semiconductor region and said ninth semiconductor region 

with the same photoresist patterns as masks in a 

manufacturing process of the semiconductor integrated 

circuit device according to claim 4. 

10 

7. A semiconductor integrated circuit device 

comprising: 

a signal external terminal for externally inputting a 

signal; 

15 a reference potential external terminal externally 

supplied with a reference potential; 

a protection element having a thyristor structure; 

a protection element having a diode structure; 

said signal external terminal, said reference 

20 potential external terminal, said protection elen:tent having 

the thyristor structure and said protection element having 

the diode structure being provided on a semiconductor 

substrate; and 

a protection circuit structure wherein said protection 

25 element having the thyristor structure and said protection 

element having the diode structure are connected in 

parallel between said signal external terminal and said 

reference potential external terminal, 
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said protection element having the thyristor structure 

including, 

a first semiconductor region of a first 

conductive type, which is formed in said semiconductor 

5 substrate; 

a second semiconductor region of a first 

conductive type, which is formed in said semiconductor 

substrate at a position spaced away from said first 

semiconductor region; 

10 a third semiconductor region of a second 

conductive type, said third semiconductor region 

corresponding to a region of a conductive type opposite to 

said first conductive type and being formed between at 

least said first conductive type first semiconductor region 

15 and said first conductive type second semiconductor region 

in said semiconductor substrate; 

a fourth semiconductor region of a first 

conductive type, which is formed within said first 

conductive type first semiconductor region and electrically 

20 connected to said signal external terminal; 

a fifth semiconductor region of a second 

conductive type, which is formed within said first 

conductive type first semiconductor region and electrically 

connected to said signal external terminal; 

25 a sixth semiconductor region of a first 

conductive type, said sixth semiconductor region being 

formed in said semiconductor substrate so that a portion 

thereof is disposed in said first conductive type first 
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semiconductor region and said second conductive type third 

semiconductor region; and 

a seventh semiconductor region formed in said 

semiconductor substrate so that a portion thereof is 

5 disposed in said first conductive type second semiconductor 

region and said second conductive type third semiconductor 

region, said seventh semiconductor region being 

electrically connected to said reference potential external 

terminal; and 

10 said protection element having the diode structure 

including, 

an eighth semiconductor region of a second 

conductive type, which is formed within said first 

conductive type first semiconductor region and electrically 

15 connected to said reference potential external terminal. 

8. A semiconductor integrated' circuit device according 

to claim 7, wherein said first conductive type fourth 

semiconductor region and said second conductive type eighth 

·20 semiconductor region are disposed so that respective long 

sides thereof are opposed to each other in parallel. 

9. A semiconductor integrated circuit device according 

to claim 7, wherein an lmpurity density of said first 

25 conductive type sixth semiconductor region is greater than 

that of said first conductive type first semiconductor 

region and an impurity density of said first conductive 

type seventh semiconductor region is greater than that of 

said first conductive type second semiconductor region. 
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10. A semiconductor integrated circuit device 

according to claim 9, wherein an interconnection for 

connecting said signal external terminal and said second 

5 conductive type fifth semiconductor region to each other 

comprises a metal film. 

11. A semiconductor integrated circuit device 

according to claim 9, further including a second conductive 

10 type ninth semiconductor region formed so as to surround 

said first conductive type fourth semiconductor region, 

said second conductive type fifth semiconductor region, 

said first conductive type sixth semiconductor region, said 

first ·conductive type seventh semiconductor region and said 

15 second conductive type eighth semiconductor region on a 

plane basis. 

12. A semiconductor integrated circuit device 

comprising: 

20 a semiconductor substrate; 

an MIS transistor formed in said semiconductor 

substrate and having a gate, a source and a drain; 

a signal external terminal formed in said 

semiconductor substrate and electrically connected to the 

25 gate of said MIS transistor to input an externally-supplied 

signal to the gate of said MIS transistor; 

a reference potential external terminal formed in said 

semiconductor substrate and electrically connected to the 
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source of said MIS transistor to supply an externally-input 

reference potential to the source of said MIS transistor; 

a protection element having a thyristor structure, 

which is formed in said semiconductor substrate and 

5 electrically connected between said signal external 

terminal and said reference potential external terminal; 

a protection element having a diode structure, which 

is formed in said semiconductor substrate and electrically 

connected between said signal external terminal and said 

10 reference potential external terminal; and 

a protection element provided at said semiconductor 

substrate, said protection element being provided between 

both said protection element having the thyristor structure 

and said protection element having the diode structure and 

15 the gate of said MIS transistor, being electrically 

connected between said signal external terminal and said 

reference potential external terminal, and serving so as to 

reduce the difference in potential between the source and 

gate of said MIS transistor when a voltage greater than 

20 that used upon the normal operation thereof is applied to 

said MIS transistor. 

13. A semiconductor integrated circuit device 

according to claim 12, wherein said protection element 

25 serving so as to reduce the difference in potential between 

the source and gate of said MIS transistor is a further 

diode formed in said semiconductor substrate. 
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14. A semiconductor integrated circuit device 

according to claim 13, further including a resistive 

element provided between said further diode and said 

protection element having the thyristor structure and 

5 connected in series between said signal external terminal 

and the gate of said MIS transistor. 

15. A semiconductor integrated circuit device 

according to claim 12, wherein said protection element 

10 serving so as to reduce the difference in potential between 

the source and gate of said MIS transistor is a protection 

MIS transistor formed in said semiconductor substrate, and 

the drain and source of said protection MIS transistor are 

respectively electrically connected to said signal external 

15 terminal and said reference potential external terminal, 

and the gate thereof is electrically connected to said 

reference potential external terminal. 

16. A semiconductor integrated circuit device 

20 according to claim 15, further including a resistive 

element provided between said protection MIS transistor and 

said protection element having the thyristor structure and 

connected in series between said signal external terminal 

and the gate of said MIS transistor. 

25 

17. A semiconductor integrated circuit device 

according to claim 12, wherein a trigger element for 

triggering the driving of said protection element having 

the thyristor structure is provided in a stage posterior to 
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said protection element having the thyristor structure and 

in a stage anterior to said MIS transistor and is 

electrically connected between said signal external 

terminal and said reference potential external terminal. 

18. A semiconductor integrated circuit device 

according to claim 17, wherein said trigger element 

comprises a triggering MIS transistor, and the drain of 

said MIS transistor is electrically connected to an 

10 interconnection for connecting said signal external 

terminal and said MIS transistor to each other and the 

source and gate thereof are electrically connected to said 

reference potential external terminal. 

15 19. A semiconductor integrated circuit device 

according to claim 12, wherein said protection element 

having the thyristor structure includes, 

a first semiconductor region of a first conductive 

type, which is formed in said semiconductor substrate; 

20 a second semiconductor region of a first conductive 

type, which is formed in said semiconductor substrate at a 

position spaced away from said first semiconductor region; 

a third semiconductor region of a second conductive 

type, said third semiconductor region corresponding to a 

25 region of a conductive type opposite to said first 

conductive type and being formed between at least said 

first conductive type first semiconductor region and said 

first conductive type second semiconductor region in said 

semiconductor substrate; 
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a fourth semiconductor region of a first conductive 

type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said signal external terminal; 

5 a fifth semiconductor region of a second conductive 

type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said signal external terminal; 

a sixth semiconductor region of a first conductive 

10 type, said sixth semiconductor region being formed in said 

semiconductor substrate so that a portion thereof is 

disposed in said first conductive type first semiconductor 

region and said second conductive type third semiconductor 

region; and 

15 a seventh semiconductor region of a first conductive 

type formed in said semiconductor substrate so that a 

portion thereof is disposed in said first conductive type 

second semiconductor region and said second conductive type 

third semiconductor region, said seventh semiconductor 

20 region being electrically connected to said reference 

potential external terminal; and 

said protection element having the diode structure 

includes, 

an eighth semiconductor region of a second conductive 

25 type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said reference potential external terminal. 
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20. A semiconductor integrated circuit device 
;, 

according to claim 19, wherein said first conductive type 

.·•· .. fourth semiconductor region and said second conductive type 

eighth semiconductor region are disposed so that respective 

5 long sides thereof are opposed to each other in parallel. 

21. A semiconductor integrated circuit device 

according to claim 19, wherein an impurity density of said 

first conductive type sixth semiconductor region is greater 

.10 than that of said first conductive type first semiconductor 

region and an impurity density of said first conductive 

type seventh semiconductor region is greater than that of 

said first conductive type second semiconductor region. 

15 22. A semiconductor integrated circuit device 

according to claim 21, wherein an interconnection for 

connecting said signal external terminal and said second 

conductive type fifth semiconductor region to each other 

comprises a metal film. 

20 

23. A semiconductor integrated circuit device 

according to claim 21, further including a second 

conductive type ninth semiGonductor region formed so as to 

surround said first conductive type fourth semiconductor 

25 region, said second conductive type fifth semiconductor 

region, said first conductive type sixth semiconductor 

region, said first conductive type seventh semiconductor 

region and said second conductive type eighth semiconductor 

region on a plane basis. 
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.;;· 24. A semiconductor integrated circuit device 

comprising: 

a signal external terminal for externally inputting a 

5 signal; 

a reference potential external terminal externally 

supplied with a reference potential; 

an MIS transistor having a source, a drain and a gate, 

said gate being electrically connected to said signal 

10 external terminal and said source being electrically 

connected to said reference potential external terminal; 

a protection element having a thyristor structure; and 

a protection element having a diode structure; 

said signal external terminal, said reference 

15 potential external terminal, said MIS transistor, said 

protection element having the thyristor structure and said 

protection element having the diode structure being 

provided on a semiconductor substrate; and 

wherein said protection element having the thyristor 

20 structure and said protection element having the diode 

structure are connected in parallel between said signal 

external terminal and said reference potential external 

terminal; 

said protection element having the thyristor structure 

· 25 including, 

a first semiconductor region of a first 

conductive type, which is formed in said semiconductor 

substrate; 
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a second semiconductor region of a first 

conductive type, which is formed in said semiconductor 

substrate at a position spaced away from said first 

·semiconductor region; 

5 a third semiconductor region of a second 

conductive type, said third semiconductor region 

corresponding to a region of a conductive type opposite to 

said first conductive type and being formed between at 

least said first conductive type first semiconductor region 

10 and said first conductive type second semiconductor region 

in said semiconductor substrate; 

a fourth semiconductor region of a first 

conductive type formed within said first conductive type 

first semiconductor region and electrically connected to 

15 said signal external terminal; 

a fifth semiconductor region of a second 

conductive type formed within said first conductive type 

first semiconductor region and elec~rically connected to 

said signal external terminal; 

20 a sixth semiconductor region of a first 

conductive type, said sixth semiconductor region being 

formed in said semiconductor substrate so that a portion 

thereof is disposed in said first conductive type first 

semiconductor region and said second conductive type third 

25 semiconductor region; and 

a seventh semiconductor region of a first 

conductive type, which is formed in said semiconductor 

substrate so that a portion thereof is disposed in said 

first conductive type second semiconductor region and said 
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second conductive type third semiconductor region, said 

seventh semiconductor region being electrically connected 

to said reference potential external terminal; and 

said protection element having the diode structure 

5 inc 1 uding, 

an eighth semiconductor region of a second 

conductive type, which is formed within said first 

conductive type first semiconductor region and electrically 

connected to said reference potential external terminal. 

10 

25. A semiconductor integrated circuit device 

according to claim 24, wherein said first conductive type 

fourth semiconductor region and said second conductive type 

eighth semiconductor region are disposed so that respective 

15 long sides thereof are opposed to each other in parallel. 

26. A semiconductor integrated circuit device 

according to claim 24, wherein an impurity density of said 

first conductive type sixth semiconductor region is greater 

20 than that of said first conductive type first semiconductor 

region and an impurity density of said first conductive 

type seventh semiconductor region is greater than that of 

said first conductive type second semiconductor region. 

25 27. A semiconductor integrated circuit device 

according to claim 26, wherein an interconnection for 

connecting said signal external terminal and said second 

conductive type fifth semiconductor region to each other 

comprises a metal film. 
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28. A semiconductor integrated circuit device 

according to claim 26, further including a second 

conductive type ninth semiconductor region formed so as to 

5 surround said first conductive type fourth semiconductor 

region, said second conductive type fifth semiconductor 

region, said first conductive type sixth semiconductor 

region, said first conductive type seventh semiconductor 

region and said second conductive type eighth semiconductor 

10 region on a plane basis. 

29. A semiconductor integrated circuit device 

comprising: 

a signal external terminal for externally inputting a 

15 signal; 

a reference potential external terminal externally 

supplied with a reference potential; 

a high potential external terminal externally supplied 

with a high potential source voltage of a semiconductor 

20 integrated circuit; 

25 

an MIS transistor electrically connected between said 

reference potential external terminal and said high 

potential external terminal and whose gate is electrically 

connected to said signal external terminal; 

a prote~tion element having a thyristor structure; 

a protection element having a diode structure; 

said signal external terminal, said reference 

potential external terminal, said high potential external 

terminal, said MIS transistor, said protection element 
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having the thyristor structure and said.protection element 

having the diode structure being provided on a 

semiconductor substrate; and 

wherein said protection element having the thyristor 

5 structure and said protection element having the diode 

structure are connected in parallel between said signal 

external terminal and said reference potential external 

terminal; and 

a protection element provided at said semiconductor 

10 substrate, said protection element being provided between 

both said protection element having the thyristor structure 

and said protection element having the diode structure and 

said MIS transistor, being electrically connected between 

said signal external terminal and said reference potential 

15 external terminal and between said signal external terminal 

and said high potential external terminal, and serving so 

as to reduce the difference in potential between the input 

and output of said MIS transistor when a voltage greater 

than that used upon its normal operation is applied to said 

20 MIS transistor. 

30. A semiconductor integrated circuit device 

according to claim 29, wherein said protection element 

serving so as to reduce the difference in potential between 

25 the input and output of said MIS transistor is a further 

diode formed in said semiconductor substrate. 

31. A semiconductor integrated circuit device 

according to ·claim 30, further including a resistive 
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element provided between said further diode and said 

protection element having the thyristor structure and 

connected in series between said signal external terminal 

and the gate of said MIS transistor. 

5 

32. A semiconductor integrated circuit device 

according to claim 29, wherein said MIS transistor is a 

complementary MIS transistor comprising an n channel MIS 

transistor and a p channel MIS transistor. 

10 

33. A semiconductor integrated circuit device 

according to claim 29, wherein said protection element 

having the thyristor structure includes, 

a first semiconductor region of a first conductive 

15 type, which is formed in said semiconductor substrate; 

a second semiconductor region of a first conductive 

type, which is formed in said semiconductor substrate at a 

position spaced away from said first semiconductor region; 

a third semiconductor region of a second conductive 

20 type, said third semiconductor region corresponding to a. 

region of a conductive type opposite to said first 

conductive type and being formed between at least said 

first conductive type first semiconductor region and said 

first conductive type second semiconductor region in said 

25 semiconductor substrate; 

a fourth semiconductor region of a first conductive 

type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said signal. external terminal; 
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a fifth semiconductor region of a second conductive 

type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said signal external terminal; · 

5 a sixth semiconductor region of a first conductive 

type, said sixth semiconductor region being formed in said 

semiconductor substrate so that a portion thereof is 

disposed in said first conductive type first semiconductor 

region and said second conductive type third semiconductor 

10 region; and 

a seventh semiconductor region of a first conductive 

type formed in said semiconductor substrate so that a 

portion thereof is disposed in said first conductive type 

second semiconductor region and said second conductive type 

15 third semiconductor region, said seventh semiconductor 

region being electrically connected to said refer~nce 

potential external terminal; and 

said protection element having the diode structure 

includes, 

20 an eighth semiconductor region of a second conductive 

type, which is formed within said first conductive type 

first semiconductor region and electrically connected to 

said reference potential external terminal. 

25 34. A semiconductor integrated circuit device 

according to claim 33, wherein a triggering MIS transistor 

for triggering the driving of said protection element 

having the thyristor structure is provided in a stage 

posterior to said protection element having the thyristor 
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structure and a stage anterior to said MIS transistor and 

between said signal external terminal and said reference 

potential external terminal such that a drain thereof is 

electrically connected to an interconnection for connecting 

5 said signal external terminal and said MIS transistor to 

each other and a source and gate thereof are electrically 

connected to said reference potential external terminal, 

and the source of said triggering MIS transistor is formed 

by said seventh semiconductor region constituting said 

10 protection element having the thyristor structure. 
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