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(57) ABSTRACT 

The protecting element includes an NPN transistor having 
an emitter connected to an input/output terminal and a 
collector and a base connected to a ground terminal. The 
input/output terminal has the possibility of receiving a surge 
voltage. The input/output terminal, Which may be referred to 
as a pad, is connected to a semiconductor integrated circuit 
IC to be protected against the surge voltage. The arrange 
ment of the semiconductor integrated circuit IC is not 
limited to a speci?c one. 
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SEMICONDUCTOR DEVICE SERVING AS A 
PROTECTING ELEMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly to a semiconductor device 
serving as a protecting element for protecting a semicon 
ductor integrated circuit against surge voltage, i.e., electro 
static discharge (referred to as ESD). 

[0003] 2. Description of the Background Art 

[0004] As a protecting element for protecting a semicon 
ductor integrated circuit against surge voltage (i.e., ESD), it 
is conventionally knoWn that an avalanche diode is inter 
posed betWeen an input/output terminal and a ground ter 
minal. 

[0005] For example, Japanese Patent Application Laid 
open No. 5-48007 (1993), column 4 and FIG. 2, discloses an 
avalanche diode serving as an ESD protecting device Which 
has a cathode connected to an input/output terminal side and 
an anode connected to the ground. 

[0006] The above conventional circuit arrangement causes 
a breakdown of the avalanche diode When a surge voltage 
having positive (i.e., plus) polarity is applied to the input/ 
output terminal, thereby absorbing the surge voltage and 
preventing the semiconductor integrated circuit Which is 
connected to the input/output terminal from being broken. 

[0007] The above arrangement is for a conventional ESD 
protecting mechanism. When a surge voltage enters into the 
input/output terminal, the avalanche diode needs to surely 
cause a breakdoWn so that the voltage level decreases doWn 
to a safe Zone for internal elements of the semiconductor 
integrated circuit. To this end, a serial resistance component 
of the avalanche diode must be set to several ohms. HoW 
ever, the avalanche diode has a large internal resistance and 
accordingly a large area is required. 

[0008] Furthermore, it may be possible to employ a thy 
ristor element in addition to the avalanche diode. HoWever, 
if the current continuously ?oWs even after the thyristor 
element latches in response to the surge voltage, the thyristor 
Will continuously turn on. Such a circuit arrangement cannot 
be applied to an output protecting circuit or a comparable 
circuit having loWer circuit impedance. 

[0009] Considering the recent trends that semiconductor 
integrated circuits are required to realiZe reduction of poWer 
consumption and doWnsiZing, it is not preferable to employ 
the above-described conventional protecting element 
because of its large internal resistance and the required large 
area Which lead to increase of costs. This conventional 
protecting element does not suit for an output protecting 
circuit or a comparable circuit having loWer circuit imped 
ance. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide a semiconductor device Which is capable of assuring 
sufficient durability, in cost evaluation, against surge voltage 
When it is applied to a semiconductor integrated circuit 
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Which is compact in siZe and loW in poWer consumption or 
applied to a semiconductor integrated circuit Which is non 
eXpensive. 
[0011] To accomplish the above and other related objects, 
the present invention provides a ?rst semiconductor device 
interposed betWeen an input/output terminal and a ground 
terminal of a semiconductor integrated circuit, and serving 
as a protecting element for protecting the semiconductor 
integrated circuit against electrostatic discharge. The ?rst 
semiconductor device includes an emitter electrode pro 
vided on a ?rst main surface of a semiconductor substrate. 
AP-type base region is disposed in a surface of the ?rst main 
surface and containing P-type impurities. An N-type emitter 
region, selectively disposed in a surface of the P-type base 
region, contains N-type impurities at a relatively higher 
concentration, and contacts With the emitter electrode. A 
base contact region is selectively disposed in a surface of the 
P-type base region, and is spaced from the N-type emitter 
region With a spatial clearance. The base contact region 
contains P-type impurities at a relatively higher concentra 
tion. Abase electrode is disposed on the base contact region. 
An N-type collector region, disposed in a surface of the 
second main surface, contains N-type impurities at a rela 
tively higher concentration and electrically contacts With a 
collector electrode. The emitter electrode is connected to the 
input/output terminal. 

[0012] The base electrode and the collector electrode are 
connected to the ground potential. A main current ?oWs in 
the direction normal to the main surface of the semiconduc 
tor substrate. This means that a vertical NPN transistor is 
used as a protecting element for protecting the semiconduc 
tor integrated circuit. The surge voltage can be suppressed. 
Temperature rise of the protecting element can be limited to 
a loW level. 

[0013] Furthermore, When the terminal current eXceeds a 
predetermined value, the base-collector junction becomes a 
forWard bias. The conductivity modulation Will appear in an 
N-type collector region having a loWer purity concentration. 
The resistance component decreases. Accordingly, the ele 
ment, even it has a smaller element area, is not broken When 
it is subjected to a large current ?oWing due to the ESD 
surge. Thus, an economical protecting element is obtained 
even it has a smaller element area. 

[0014] Furthermore, no thyristor element is required. In 
other Words, the semiconductor device no longer encounters 
With a problem that the current continuously ?oWs after the 
thyristor element latches in response to the surge voltage. In 
this respect, the semiconductor device of this invention can 
be applied to an output protecting circuit or a comparable 
circuit having loWer circuit impedance. 

[0015] The present invention provides a second semicon 
ductor device interposed betWeen an input/output terminal 
and a ground terminal of a semiconductor integrated circuit, 
and serving as a protecting element for protecting the 
semiconductor integrated circuit against electrostatic dis 
charge. The second semiconductor device includes ?rst and 
second NPN transistors and a PNP transistor. The ?rst and 
second NPN transistors have emitters being commonly 
connected. The ?rst NPN transistor has a collector and a 
base connected to the input/output terminal. The second 
NPN transistor has a collector and a base electrode con 
nected to the ground terminal. The PNP transistor has a base 



US 2004/0245573 A1 

commonly connected to the emitters of the ?rst and second 
NPN transistors, an emitter connected to the input/output 
terminal, and a collector connected to the ground terminal. 

[0016] This semiconductor device is used as a protecting 
element for protecting a semiconductor integrated circuit. 
The surge voltage can be suppressed. Temperature rise of the 
protecting element can be limited to a loW level. 

[0017] The present invention provides a third semicon 
ductor device interposed betWeen an input/output terminal 
and a ground terminal of a semiconductor integrated circuit, 
and serving as a protecting element for protecting the 
semiconductor integrated circuit against electrostatic dis 
charge. The third semiconductor device includes an NPN 
transistor, a PNP transistor and a diode. An emitter of the 
NPN transistor, a base of the PNP transistor, and a cathode 
of the diode are commonly connected. An anode of the diode 
and an emitter of the PNP transistor are connected to the 
input/output terminal. A collector and a base of the NPN 
transistor are connected to the ground terminal, and a 
collector of the PNP transistor is connected to the ground 
terminal. 

[0018] Hole injection easily occurs via a diode at a con 
necting portion betWeen the emitter of the NPN transistor 
and the base of the PNP transistor. Due to the thyristor 
action, temperature rise can be further suppressed to a loWer 
level. 

[0019] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a circuit diagram shoWing the arrange 
ment of a protecting element in accordance With a ?rst 
embodiment of the present invention; 

[0021] FIG. 2 is a cross-sectional diagram shoWing the 
arrangement of the protecting element in accordance With 
the ?rst embodiment of the present invention; 

[0022] FIG. 3 is a graph explaining the operating charac 
teristics of the protecting element in accordance With the 
?rst embodiment of the present invention; 

[0023] FIG. 4 is a diagram shoWing the simulation result 
With respect to current and potential distribution of the 
protecting element in accordance With the ?rst embodiment 
of the present invention; 

[0024] FIG. 5 is a graph explaining the operating charac 
teristics of the protecting element in accordance With the 
?rst embodiment of the present invention; 

[0025] FIG. 6 is a diagram shoWing the simulation result 
With respect to current and potential distribution of the 
protecting element in accordance With the ?rst embodiment 
of the present invention; 

[0026] FIG. 7 is a graph explaining the operating charac 
teristics of the protecting element in accordance With the 
?rst embodiment of the present invention; 

[0027] FIG. 8 is a diagram shoWing the simulation result 
With respect to current and potential distribution of the 
protecting element in accordance With the ?rst embodiment 
of the present invention; 
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[0028] FIG. 9 is a circuit diagram shoWing the arrange 
ment of a protecting element in accordance With a second 
embodiment of the present invention; 

[0029] FIG. 10 is a cross-sectional diagram shoWing the 
arrangement of the protecting element in accordance With 
the second embodiment of the present invention; 

[0030] FIG. 11 is a graph explaining the operating char 
acteristics of the protecting element in accordance With the 
second embodiment of the present invention; 

[0031] FIG. 12 is a graph explaining the operating char 
acteristics of the protecting element in accordance With the 
second embodiment of the present invention; 

[0032] FIG. 13 is a diagram shoWing the simulation result 
With respect to current and potential distribution of the 
protecting element in accordance With the second embodi 
ment of the present invention; 

[0033] FIG. 14 is a circuit diagram shoWing a ?rst modi 
?cation of the protecting element in accordance With the 
second embodiment of the present invention; 

[0034] FIG. 15 is a graph explaining the operating char 
acteristics of the ?rst modi?cation of the protecting element 
in accordance With the second embodiment of the present 
invention; and 

[0035] FIG. 16 is a cross-sectional diagram shoWing a 
second modi?cation of the protecting element in accordance 
With the second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] <A. First Embodiment> 

[0037] <A-1. Arrangement of Device> 

[0038] The arrangement of a protecting element 100, 
serving as a semiconductor device in accordance With a ?rst 
embodiment of the present invention, Will be explained With 
reference to FIGS. 1 and 2. 

[0039] As shoWn in FIG. 1, the protecting element 100 
includes an NPN transistor T1 having an emitter connected 
to an input/output terminal PD1 and a collector and a base 
connected to a ground terminal GD1. The input/output 
terminal PD1 has the possibility of receiving a surge voltage. 
The input/output terminal PD1, Which may be referred to as 
a pad, is connected to a semiconductor integrated circuit IC 
to be protected against the surge voltage. The arrangement 
of the semiconductor integrated circuit IC is not limited to 
a speci?c one and therefore Will not be explained. 

[0040] Next, the arrangement of the protecting element 
100 Will be explained With reference to a cross-sectional 
vieW of FIG. 2. 

[0041] As shoWn in FIG. 2, the protecting element 100 
includes a collector electrode CD1 connected to the ground 
terminal GD1 shoWn in FIG. 1 and an N-type collector 
region 1 provided on the collector electrode CD1. The 
N-type collector region 1 contains N-type impurities at a 
relatively higher concentration (5><1018/cm3 to 5x1019/cm3). 
A loW-concentration N-type collector region 2, disposed on 
the N-type collector region 1, contains N-type impurities at 
a relatively loWer concentration (5X1014/CII13 to 1><1016/ 
cm3). A P-type base region 3, disposed on the loW-concen 
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tration N-type collector region 2, contains P-type impurities 
at a concentration of 1><1015/cm3 to 1x1017/cm3. The N-type 
collector region 1, the loW-concentration N-type collector 
region 2, and the P-type base region 3 cooperatively con 
stitute a semiconductor substrate and, therefore, may be 
collectively referred to as a semiconductor substrate. 

[0042] A base contact region 4 and an N-type emitter 
region 7 are selectively provided in a surface of the P-type 
base region 3. The base contact region 4 contains P-type 
impurities at a relatively higher concentration (5x1019/cm3 
to 1><1021/cm3). The N-type emitter region 7 contains N-type 
impurities at a relatively higher concentration (5x1019/cm3 
to 1><1021/cm3). 

[0043] Furthermore, a P-type impurity region 6 (i.e., ?rst 
P-type impurity region) and a P-type impurity region 5 (i.e., 
second P-type impurity region) are also provided in the 
surface of the P-type base region 3. The P-type impurity 
region 6, brought into contact With the N-type emitter region 
7, develops into a deeper position compared With the N-type 
emitter region 7 and contains P-type impurities at a rela 
tively higher concentration (3x1016/cm3 to 3x107/cm3). The 
P-type impurity region 5, brought into contact With the base 
contact region 4, develops into a deeper position compared 
With the base contact region 4 and contains P-type impurities 
at a relatively higher concentration (3x1016/cm3 to 3x1017/ 
cm3). 
[0044] The base contact region 4 and the N-type emitter 
region 7 are spaced from each other. An insulating ?lm IS is 
selectively disposed so that it straddles betWeen end surfaces 
of the base contact region 4 and the N-type emitter region 7 
Which are exposed at the same level With a main surface of 
the P-type base region 3. 

[0045] Abase electrode BD1 is disposed on the surface of 
the base contact region 4 Which is exposed at the same level 
With the main surface of the P-type base region 3. An emitter 
electrode ED1 is disposed on the surface of the N-type 
emitter 7 Which is exposed at the same level With the main 
surface of the P-type base region 3. The base electrode BD1 
is connected to the ground electrode GD1 shoWn in FIG. 1. 
The emitter electrode ED1 is connected to the input/output 
terminal of PD 1. 

[0046] The base electrode BD1 and the emitter electrode 
ED1 are electrically insulated from each other by the insu 
lating ?lm IS. 

[0047] As explained above, the N-type collector region 1, 
the P-type base region 3 and the N-type emitter region 7 
constitute the NPN transistor T1. The main current of the 
NPN transistor T1 ?oWs in the direction normal to the main 
surface of the substrate. In this respect, this transistor can be 
regarded as a vertical NPN transistor. 

[0048] According to the above-described protecting ele 
ment 100, the collector electrode CD1 is formed on a 
different main surface Which is opposed to the main surface 
on Which the base electrode BD1 and the emitter electrode 
ED1 are formed. HoWever, the collector electrode CD1 is 
often formed on the same main surface together With the 
base electrode BD1 and the emitter electrode ED1, With the 
N-type collector region 1 being electrically connected to the 
collector electrode CD1. 
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[0049] <A-2. Operation of Device> 

[0050] Hereinafter, the operation of the protecting element 
100 Will be explained With reference to FIGS. 1 and 2 and 
also based on FIGS. 3 to 8. 

[0051] FIG. 3 shoWs device simulation result of the cur 
rent-voltage characteristics obtained When a positive bias is 
applied to the input/output terminal PD1 (shoWn in FIG. 1) 
relative to the ground terminal GD1 (shoWn in FIG. 1) of the 
protecting element 100. 

[0052] In FIG. 3, an abscissa represents a terminal voltage 
(V) applied to the input/output terminal PD1 and an ordinate 
represents a terminal current (A/pm) ?oWing across the 
input/output terminal PD1. The numerical values on the 
ordinate are shoWn according to the logarithmic expression. 

[0053] In FIG. 3, the characteristic curve CH1 indicated 
by a dotted line shoWs general stationary solution of the 
breakdown characteristics according to the device simula 
tion. The characteristic curve CH2 indicated by a solid line 
shoWs transient solution obtained by continuously increas 
ing the current at a constant time rate (in this case, 10 
mA/pm per second). 

[0054] The stationary solution of breakdown characteris 
tics according to the device simulation may not converge in 
the process of increasing the current. It is therefore recom 
mendable to rely on the transient solution in the event that 
the performance to be evaluated is in the high current region 
like the above case. 

[0055] HoWever, as shoWn in FIG. 3, an applied voltage 
is less than the breakdoWn voltage (in this case, 13V), a 
leakage current due to the transient solution becomes exces 
sively large. This is derived from the displacement current 
?oWing across the reverse biased P-N junction, and is 
different from a direct-current type leakage current. 

[0056] As shoWn in FIG. 3, When the terminal current is 
equivalent to or less than 10 pA/pm, the breakdoWn occurs 
at the terminal voltage of approximately 13V. After the 
terminal current exceeds approximately 20 pA/pm, the ter 
minal voltage turns into a decreasing phase and reaches the 
minimum value (approximately 8V) at the terminal current 
of approximately 300 pA/pm. After the terminal current 
exceeds this level, the terminal voltage increases monoto 
nously. The folloWing is the reason Why such characteristics 
are obtained. 

[0057] Namely, When the terminal current is in the loW 
current region equivalent to or loWer than 10 pA/pm, the 
breakdoWn occurs at the emitter-base junction. The current 
?oWs mostly from the emitter to the base. MeanWhile, the 
potential in the P-type base region 3 increases With increas 
ing terminal current. After the terminal current exceeds 10 
pA/pm, the base-collector junction goes into the forWard 
bias condition. 

[0058] In this condition, the NPN transistor T1 starts 
reverse operation and acts as a reversed NPN transistor. The 
reversed NPN transistor is generally referred to as having 
opposite connecting relationship betWeen the emitter and the 
collector When compared With the NPN transistor. In the 
device simulation, it is evaluated as reverse characteristics. 

[0059] The reversed NPN transistor maintains the With 
stand voltage by sustain action. The sustain action is the 














