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SEMCONDUCTOR DEVICE AND METHOD FOR 
FABRICATING SUCH DEVICE 

FIELD OF THE INVENTION 

0001. This patent specification relates generally to a 
Semiconductor device and methods for fabricating Such 
device, and more Specifically to a Semiconductor device 
incorporating either an LDMOS transistor or a bipolar 
transistor with LDMOS structure, for Suitable use in device 
applications with high withstand Voltage. 

BACKGROUND OF THE INVENTION 

0002. As the use of semiconductor devices incorporating 
regulator and DC/DC converter circuits becomes more 
widespread, it is increasingly important to meet the demands 
for higher output currents of these devices among others. 
0003. In one approach to achieve the high output cur 
rents, LDMOS transistors have been attracting much atten 
tion, which operate with low on resistance. In addition, the 
LDMOS transistors are known to have a structure Suitable 
for miniaturization with a decreased chip area yet attaining 
high withstand Voltages. 

0004) The “LDMOS (lateral double-diffusion MOS) tran 
Sistor” is a field effect transistor, including at least a low 
concentration impurity doped layer (channel well region) 
formed to Surround a Source, and for the Surface portions of 
the channel well region under a gate electrode to serve as a 
channel. In addition, by “conventional MOS transistor” is 
meant herein one having a drain with an impurity concen 
tration larger than that of a channel region. 
0005 FIG. 8A is a diagrammatic cross-sectional view 
illustrating an N-type LDMOS transistor previously known. 
0006 Referring to FIG. 8A, the LDMOS transistor com 
prises an N-type high resistance Silicon Substrate 102 and the 
Structure including a polysilicon gate electrode 106 formed 
with a contiguously underlying gate oxide layer 104, and a 
channel well region 108 formed by implanting, using the 
Source Side edge portion of the gate electrode 106 as a mask, 
then thermally diffusing P-type impurity ions So as for a 
portion thereof to Serve as a channel. 
0007. In addition, N-type low resistance source and drain 
110 and 112, respectively, are formed by implanting, using 
the gate electrode 106 as a mask, and then thermally 
diffusing P-type impurity ions. Also included are an inter 
layer dielectric layer 114, and electrode wirings, 116 and 
118, connected to the N-type source and drain, 110 and 112, 
respectively (Japanese Laid-Open Patent Application No. 
7-302903). 
0008. When an LDMOS transistor is utilized as a high 
voltage CMOS transistor, several improvements are made to 
relax the electric field Strength in the region between drain 
and gate electrode. As an example, the thickness at the drain 
Side edge of a gate oxide 104a is increased, as illustrated in 
FIG. 8B, or alternatively, a field oxide layer 104b is formed 
in the vicinity of the drain edge portion contiguously under 
the gate oxide 106, having a thickness larger than that of the 
gate oxide layer, as illustrated in FIG. 8C. 
0009. In addition, the drain 120 in the above structures is 
formed as a medium concentration drain region contigu 
ously under the thick oxide layer, 104a or 104b, having a 
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concentration of N-type impurity higher than that of the 
silicon substrate 102, and lower than that of the N-type drain 
112. Also, the region 108a in these structures serves as a 
contact region to be connected to the channel well region 
108. 

0010. In these structures, however, there arise several 
drawbacks which will be described as follows. For example, 
the size of the transistor has to be increased in proportion to 
the area required for forming the thick oxide layer, 104a or 
104b. In addition, the drain resistance is also increased in a 
Similar manner. As a result, the on resistance of the transistor 
increases. 

0011. Also, in the structure of FIG.8B, another difficulty 
may arise during photolithography and etching process Steps 
for forming the gate oxide 104a. Namely, transistor charac 
teristics may vary considerably depending on the degree of 
precision in these alignment and etching Steps. 
0012 Although the precision in forming the field oxide 
layer 104b in the drain edge portion shown in FIG. 8C can 
be increased by using the LOCOS (local oxidation of 
Silicon) method, the transistor characteristics may be dete 
riorated by the crystal structural disorder which is induced 
by the field oxide layer formed as above at the region under 
the gate oxide. In these structures of FIGS. 8B and 8C, 
therefore, difficulties arise in implementing the miniaturiza 
tion of the transistors. 

0013 In contrast, in the structure without increasing the 
gate oxide layer thickneSS in the drain edge portion as shown 
in FIG. 8A, the concentration of the electric field in this 
portion may cause the deterioration in threshold Voltage by 
the N-type drain 112 at the region contiguously formed 
under the gate oxide 104. 
0014. Although this deterioration in the withstand volt 
age can be reduced to a certain degree by lowering the 
N-type impurity concentration in the oxide Side portion of 
the drain 112, this lowered concentration region, in turn, 
may cause deteriorating effect on the withstand Voltage, 
Since a depletion layer extends to the low concentration 
region with relative ease even at relatively low voltages 
applied to the drain 112. 
0015. In order to improve the characteristics of the 
LDMOS transistor by increasing the withstand voltage, 
there disclosed is a structure including a high concentration 
drain formed Spatially Separated from a gate electrode. The 
structure is illustrated in FIG. 9 as a diagrammatic cross 
sectional view of an N-channel type LDMOS transistor 
previously known (which is hereinafter referred to as Prior 
art 1). 
0016 Referring to FIG.9, an N-type drain well region 21 
is formed in a P-type semiconductor Substrate 1. In the 
N-type drain well region 21, a P-type well region 23 is 
Subsequently formed. An N-type source 11s is formed in the 
P-type well region 23. 
0017 Also formed in the N-type well region 21 is a 
medium concentration N-type drain 11d, which is situated 
Spatially Separated from the P-type well region 23 having a 
concentration of N-type impurities introduced higher than 
that of the N-type well region 21. 
0018 Furthermore, an N-type gate electrode 11g, made 
of polysilicon, is formed with an underlying gate oxide layer 
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11ox interposed between the gate electrode 11g and the well 
region 21. This gate electrode 11g is formed in intermediate 
between N-type source 11s and N-type drain 11d above 
N-type well region 21, overlying the P-type well region 23, 
and being separated from the N-type drain 11d. Therefore, 
the surface of the P-type channel well region 23 under the 
N-type gate electrode 11g Serves as a channel region. 
0019. The on resistance of LDMOS transistor is deter 
mined by the Sum of channel resistance, drain resistance, 
and Source resistance. In the aforementioned N-channel type 
LDMOS transistor (Prior art 1), its source resistance is 
decreased by forming the N-type source 11s in the self 
aligned manner with respect to the N-type gate electrode 
11g. 

0020. However, the drain resistance for drain 21a is 
relatively high due to a large resistance component of the 
N-type well region 21, and the drain resistance becomes 
dominant compared with a decreasing channel resistance in 
the range of high gate Voltage. As a result, there arises a 
difficulty in the previous channel type LDMOS transistor, in 
that drain current cannot be increased as desired with the 
increase in the gate Voltage, as illustrated in FIG. 11. 
Namely, although the drain current Id increases with increas 
ing drain Voltage Vg up to approximately 3V, almost no 
increase in Id is observed beyond this Voltage. 
0021. In addition, there encountered is another difficulty 
as illustrated in FIG. 12A, in which a drain breakdown is 
caused with relative ease after parasitic bipolar operations in 
the high voltage range for MOS transistor drain. 
0022. In order to obviate such difficulties, an LDMOS 
transistor is disclosed in Japanese Laid-Open Patent Appli 
cation No. 7-302903, in which its Source and drain are 
formed by double diffusion to thereby improve the transistor 
characteristics. 

0023 Although the electric field strength in vicinity of 
the drain is relaxed to a certain degree in this Stricture 
through the double diffusion, an overlap exists between the 
high concentration drain and the edge portion of the gate 
electrode. 

0024. When the present inventors fabricated an LDMOS 
transistor according to that disclosure, it was found that the 
drain withstand Voltage was obtained approximately 10 V at 
most, possibly due to a relatively small width of the afore 
mentioned low concentration diffusion region formed by the 
double diffusion and a concomitant gate modulation effect. 
0.025 A further assumption was made also by the present 
inventors from the above results that it was appropriate for 
a high concentration drain to be formed Spatially Separated 
Sufficiently from the gate electrode with a distance of 1.0 lim 
or greater, for example. This and related points will be 
detailed later on. 

0026. In order to improve the drain voltage characteris 
tics, another structure of the LDMOS transistor is disclosed 
in Japanese Laid-Open Patent Application No. 10–335663, 
in which implantation and Subsequent diffusion proceSS 
StepS are carried out into the Surface of a well region 
between a gate electrode and a high concentration drain in 
the Self-aligned manner for forming a low resistance region. 

0027. In this structure, however, a source of the transistor 
is not formed in the Self-aligned manner, thereby resulting in 
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remaining Source resistance. As a result, there remains Some 
Source resistance, which is insufficient for reducing the on 
resistance of the transistor. 

0028. The present inventor then formed another LDMOS 
transistor according to the disclosure, with the exception that 
both Source and drain were formed in the Self-aligned 
manner (FIG. 10). 
0029 FIG. 10 is a diagrammatic cross-sectional view of 
the thus formed N-channel type LDMOS transistor (which is 
hereinafter referred to as Prior art 2), in which components 
operating in a similar manner to those of FIG. 9 are shown 
with identical numerical representation and descriptions 
thereof are herein abbreviated. 

0030) Referring to FIG. 10, there formed are N-type 
Source, drain, gate oxide layer, gate electrode and drain well 
region, 11S, 11d, 11Ox, 11g and 21, respectively, and a P-type 
channel well region 23. The N-type source 11s is formed in 
the Self-aligned manner with respect to the N-type gate 
electrode 11g. 
0031. An N-type medium concentration drain region 24 
is formed in the surface region of the N-type drain well 
region 21 on the side of the N-type drain 11d. The N-type 
medium concentration drain region 24 is formed also in the 
Self-aligned manner with respect to the N-type gate elec 
trode 11g. In addition, the N-type medium concentration 
drain region 24 is formed with a depth from the surface 
Smaller than that of the N-type drain 11d. 
0032. In the thus formed structure provided with the 
N-type medium concentration drain region 24, drain cur 
rents Id during MOS operations have been improved in the 
range of high gate Voltage Vg over those obtained with the 
structure of the aforementioned Prior art 1, as shown in FIG. 
11. 

0033. However, the drain thermal breakdown takes place 
during parasitic bipolar operations at a drain current Id of 
approximately 12 mA in the higher range of the applied gate 
voltage Vg, as shown in FIG. 12B. This is therefore indica 
tive of a still persisting difficulty of low withstand voltage 
which is unsatisfactory in practice for the LDMOS transis 
tor. 

0034. The improvements in transistor characteristics such 
as withstand Voltage and on resistance have been described 
herein above with respect to the LDMOS transistors, in that 
its on resistance is reduced and transistor characteristics are 
stabilized for the LDMOS transistor. It is desirable, how 
ever, for the LDMOS transistor to have additional improve 
ments in the reduced on resistance for use in practical device 
applications as well. 

0035. As an example, the gate oxide layer 104 is formed 
relatively thin So as to reduce the on resistance, and this 
Small thickness has an effect on the Voltage applied thereto. 
That is, the LDMOS transistor has to be operated under the 
Voltage applied to the gate electrode 106 So as not to 
breakdown the gate oxide layer 104. 

0036). When the gate oxide layer 104 is formed with a 
thickness of 25 nm, for example, a Voltage of 25 V or larger 
is known to cause the layer breakdown with relative ease, 
thereby indicating the Voltage normally applied to the gate 
electrode 106 in the order of 15 V at most. As a result, the 
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range of the gate Voltage has to be set different from that of 
the drain voltage for driving the LDMOS transistors. 
0037. This is exemplified by DC/DC device products, in 
which the efficiency is one of the factors of practical 
importance for the products. In order to achieve the effi 
ciency, inverter outputs are necessitated at the input potential 
(Source Voltage) and the ground potential. 
0.038 Although one of the means for achieving the effi 
ciency is to control the Voltage input to the gate electrode, 
which is carried out by lowering this Voltage by an internal 
Stepdown circuit, for example, this method is not So efficient 
after all, Since the efficiency is reduced to a certain degree 
Since the Steps of lowering the Voltage are already involved. 
It is desirable, therefore, to obviate such a difficulty men 
tioned above. 

0.039 There is a method previously known for preventing 
Such difficulty, in which a bipolar transistor is utilized as a 
Switching element having high withstand Voltages in place 
of the LDMOS transistor. 

0040 Since the function of the base diffusion layer of 
bipolar transistor corresponds to that of the gate electrode of 
LDMOS transistor, the bipolar transistor is operated to 
control the input not by applied Voltage, but by forward 
current flow. As a result, the input voltage is known as Small 
as on the order of one volt. 

0041. In order to achieve low on resistance values for a 
bipolar transistor, the vertical type thereof is generally 
formed. In the Vertically constructed bipolar transistor, how 
ever, the Structure includes an epitaxial layer as the collector, 
a buried layer, and a collector wall diffusion layer for 
decreasing collector resistance. In addition, the Structure has 
to also include an isolation diffusion layer for implement the 
diffusion isolation from other elements. The vertical bipolar 
transistor, therefore, has a drawback Such as complicated 
proceSS Steps for the fabrication. 
0042. In contrast, another type of bipolar transistor is 
known with laterally constructed Structure (lateral bipolar 
transistor), which can be fabricated with relatively simpler 
proceSS StepS. 

0043. In the lateral bipolar transistor, however, its col 
lector-emitter distance has to be Sufficiently Separated to 
Satisfy high withstand Voltage requirements. Therefore, a 
difficulty arises in the lateral bipolar transistor, in that 
current amplification remains low compared with the verti 
cal bipolar transistor, Since the base width increases and the 
Surface portion only between collector and gate is available 
for the current flow. 

0044) Thus, the present inventors have investigated in 
detail an LDMOS structure of the bipolar transistor, which 
can be fabricated with Simpler process including the Step of 
forming double diffusion structure with the layers of differ 
ent conductivity types, which is carried out in the Self 
aligned manner with respect to a polysilicon gate electrode. 
0045. This LDMOS structure includes a drain diffusion 
layer, a channel diffusion layer, and a Source diffusion layer. 
These layers are constructed to have a lateral bipolar struc 
ture in the region directly below a gate oxide layer, and a 
vertical bipolar transistor structure further below. 
0046) Therefore, when the drain, channel, and source 
diffusion layers are operated to function as a collector, base, 
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and emitter, respectively, the bipolar transistor with the 
LDMOS structure may be capable of retaining high with 
Stand Voltages even after decreasing its base width. 
0047. However, there remains a difficulty yet to be solved 
for the LDMOS structure of the bipolar transistor, in that the 
gate oxide layer is deteriorated when high Voltages are 
applied to the gate electrode. 

BRIEF SUMMARY OF THE INVENTION 

0048. Accordingly, the present invention provides a 
semiconductor device incorporating an LDMOS transistor 
or a bipolar transistor for use in high withstand Voltage 
device applications, and its method of fabrication. 
0049. The semiconductor device disclosed herein 
includes at least an LDMOS transistor. The LDMOS tran 
Sistor comprises a Semiconductor Substrate; a uniformly 
thick gate oxide layer provided on the Semiconductor Sub 
Strate; a gate electrode provided on the gate oxide layer, a 
drain well region of a first conductivity type formed in a 
region including the gate electrode, a channel well region of 
a Second conductivity type, which is opposite to the first 
conductivity type, with an ion impurity concentration 
greater than the drain well region; the channel well region 
formed in the drain well region having a partial overlap with 
the gate electrode, a Source of the first conductivity type 
formed contiguously to one Side of the gate electrode in the 
channel well region; a medium concentration drain region of 
a first conductivity type with an ion impurity concentration 
greater than the drain well region; the medium concentration 
drain region formed in the drain well region having a partial 
overlap with a different Side of the gate electrode, and a 
drain of a first conductivity type with an ion impurity 
concentration greater than the medium concentration drain 
region; the drain of a first conductivity type formed in the 
medium concentration drain region which is Spatially Sepa 
rated from the gate electrode. 
0050. Therefore, in this fabricated LDMOS transistor, the 
drain is formed in the drain well region having a partial 
overlap with one of the Sides of the gate electrode. Accord 
ingly, a Suitable drain threshold and a low on resistance is 
achieved for the LDMOS transistor. 

0051. In another aspect, a method for fabricating an 
LDMOS transistor is disclosed herein, which comprises the 
Steps of forming a drain well region of a first conductivity 
type in a Semiconductor Substrate; forming a uniformly thick 
gate oxide layer contiguously above the Surface of the drain 
well region; forming a gate electrode contiguously above the 
gate oxide layer; forming a channel well region of a Second 
conductivity type which is opposite to the first conductivity 
type, in an area in the drain well region that is contiguous to 
one Side of the gate electrode in a Self-aligned manner 
respective to the gate electrode, by first implanting impurity 
ions of a Second conductivity type into the region and then 
thermally diffusing the impurity ions, forming a medium 
concentration drain region of a first conductivity type in an 
area in the drain well region opposite to the channel well 
region in a Self-aligned manner respective to the gate 
electrode, by implanting impurity ions of a first conductivity 
type into the region, and forming a Source, and a drain of a 
first conductivity type in the medium concentration drain 
region and the channel well region, respectively, by implant 
ing impurity ions of a first conductivity type, Such that the 



US 2006/0027864 A1 

drain is spatially Separated from the gate electrode having a 
depth Smaller than the medium concentration drain region 
and the channel well region, and Such that the Source is 
Self-aligned with respect to the gate electrode. 
0.052 Accordingly, an LDMOS transistor fabricated with 
the methods herein, has an improved on resistance and drain 
threshold Voltage. In addition, the Source's resistance is 
decreased and the fabricated transistor's characteristics are 
more Stabilized since the Source is formed in a Self-aligned 
manner with respect to the gate electrode. Similarly, the 
drain resistance is decreased and the fabricated transistor's 
characteristics are more Stabilized since the medium con 
centration drain region is Self-aligned with respect to the 
gate electrode. The fabricated transistor's characteristics are 
further Stabilized since the channel well region is Self 
aligned with respect to the gate electrode. 
0053. It is another object of the present disclosure to 
provide a bipolar transistor device having an LDMOS 
Structure capable of preventing the breakdown of gate oxide 
layers, whereby, Stable operational characteristics are 
acquired with as desirable current amplification factor lin 
earity despite reduced base width. 
0.054 The bipolar transistor device includes at least a 
collector, comprising a diffusion layer of a first conductivity 
type, formed within a Semiconductor Substrate; a gate 
dielectric layer provided on the Semiconductor Substrate; a 
gate electrode provided on the gate dielectric layer; a base, 
comprising a diffusion layer of a Second conductivity type 
opposite to the first conductivity type, formed in the collec 
tor having a partial Overlap with the gate electrode, an 
emitter, made of a diffusion layer of a first conductivity type, 
formed in near one side of the gate electrode in the base; a 
high concentration ohmic diffusion layer for connecting the 
base, comprising a diffusion layer of a Second conductivity 
type, opposite to the first conductivity type, formed in the 
base which is spatially Separated from the emitter; and a high 
concentration ohmic diffusion layer for connecting the col 
lector, comprising a diffusion layer of a first conductivity 
type, formed in the collector on an opposite Side of the gate 
electrode, in which a wiring is formed to connect the gate 
electrode with the base, Such that they are equipotential to 
each other. 

0055. In an exemplary embodiment, the bipolar transistor 
can be fabricated in an analogous manner as described 
above, with the exception that the wiring is formed to 
connect the gate electrode with the emitter, Such that they are 
equipotential to each other. 
0056. In either exemplary embodiment of a bipolar tran 
Sistor: (1) the gate electrode and the base are equipotential 
to each other, or (2) the gate electrode and the emitter are 
equipotential to each other, assuming that the emitter and 
base are first brought to be equipotential to each other and 
then the transistor is turned off. If a potential difference is 
created between the collector (corresponding to the drain of 
DMOS) and the base (corresponding to the channel of 
DMOS), a depleted region is created at an interface between 
the collector and base. Alternatively, a depleted region can 
be created in the interface region on both Sides of the 
collector and the base, in a similar manner to the off-State of 
the LDMOS transistor; whereby, high withstand voltages 
then can be maintained. 

0057. However, if the emitter and base are not brought to 
be equipotential to each other again, in either embodiments 
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of (1) or (2) with the transistor turned on, the potential 
between the base and emitter becomes forward-biased, 
which is in contrast to DMOS (double-diffused MOS). 
0058. In addition, in the first exemplary embodiment (1), 
with the bipolar transistor turned on, when a potential is 
applied to the emitter and gate electrode, the Voltage created 
between the base and the emitter is only a forward-biased 
Voltage. A high Voltage does not appear at the gate electrode 
of the transistor. Accordingly, the breakdown of the gate 
dielectric layer can be prevented even when a high Voltage 
(i.e., the Source potential) is applied. Therefore, stable 
operational characteristics is obtained for a bipolar transis 
tor. 

0059. In the second exemplary embodiment (2), with the 
bipolar transistor turned on, when a potential is applied to 
the base and gate electrode, the potential applied becomes 
forward-biased because of the forward-biased voltage that 
exists between the base and emitter. As a result, a forward 
biased Voltage is applied to the gate electrode. Accordingly, 
breakdown of the gate dielectric layer can be prevented even 
when a high voltage (i.e., the Source potential) is applied. 
Therefore, Stable operational characteristics is also obtained 
for a bipolar transistor. 
0060) Furthermore, when the emitter and high concen 
tration ohmic diffusion layer (both are high concentration 
diffusion layers) are in close proximity to each other in the 
base, a junction leak between emitter and base can increase 
in either exemplary embodiments (1) or (2). Therefore, the 
emitter and high concentration ohmic diffusion layer (which 
connects the base) are spatially formed separate from each 
other in the fabricated transistor. 

0061. In addition, the fabricated structures with respec 
tive wiring as illustrated in exemplary embodiments (1) and 
(2), the function of the transistor depends on the lateral 
bipolar Structure in the region directly below the gate oxide 
layer. This lateral Structure enables formation of a concen 
tration gradient through the collector, base, and emitter 
layers in the transistor, thereby decreasing the base width. 
Accordingly, bipolar transistors can be fabricated with 
reduced chip areas a having high efficiency. 
0062. In another aspect of the present invention, a 
method for fabricating a bipolar transistor is disclosed which 
comprises the Steps of forming a collector, comprising a 
diffusion layer of a first conductivity type within a Semi 
conductor Substrate; providing a gate dielectric layer con 
tiguously above the Surface of the collector, providing a gate 
electrode contiguously above the gate dielectric layer, pro 
Viding a base, comprising a diffusion layer of a Second 
conductivity type opposite to the first conductivity type, 
within the collector contiguous to one Side of the gate 
electrode, Self-aligned with respect to the gate electrode, first 
by implantation of impurity ions of a Second conductivity 
type into the region and then thermally diffusing the impu 
rity ions; forming a high concentration ohmic diffusion layer 
that connects the collector of a first conductivity type in the 
base, which is in close proximity to the gate electrode on the 
other Side of the gate electrode with respect to the base, 
Self-aligned with respect to the gate electrode, by implan 
tation of impurity ions of a first conductivity type; forming 
an emitter, comprising a diffusion layer of a first conduc 
tivity type in the base, a Self-aligned with respect to the gate 
electrode; forming a high concentration ohmic diffusion 



US 2006/0027864 A1 

layer to connect the base of a Second conductivity type, in 
the base Spatially Separated from the emitter, by implanta 
tion of impurity ions of a Second conductivity type, and 
forming a wiring to connect the gate electrode with the base 
Such that they are equipotential to each another. 
0.063. In an exemplary embodiment, a bipolar transistor 
can be fabricated in an analogous manner, as described 
above, with the exception that the wiring is formed to 
connect the gate electrode with the emitter, Such that they are 
equipotential to each other. This step is in lieu of forming a 
wiring to connect the gate electrode with the base, Such that 
they are equipotential to each other. 
0064. According to the varying embodiments, a bipolar 
transistor can be fabricated with the gate electrode and the 
base connected, Such that they are equipotential to each 
other, or a bipolar transistor can be fabricated with the gate 
electrode and the emitter connected, Such that they are 
equipotential to each other. 
0065. In addition, the base and emitter are formed self 
aligned to the gate electrode. This enables one to determine 
the current amplification factor of the bipolar transistor with 
the lateral bipolar transistor Structure, and also the base 
width as Small as predetermined, through which most of the 
current flow exists. 

0.066 Furthermore, by forming the base and emitter self 
aligned to the gate electrode, the dispersion in alignment of 
the base width during photolithographic processing Steps 
can be made Small enough So that it is disregarded. Accord 
ingly, a bipolar transistor with high-efficiency formed with a 
reduced chip area. 
0067. The features and advantages thereof of the present 
invention will be more readily apparent from the following 
detailed description and appended claims when read in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0068 FIG. 1 is a cross-sectional view illustrating an 
NchLDMOS transistor according to one exemplary embodi 
ment, 

0069 FIG. 2 is a cross-sectional view illustrating a 
Semiconductor device according to another exemplary 
embodiment; 

0070 FIGS. 3A-3L are cross-sectional views of a semi 
conductor device of FIG. 2 during various Stages in the 
fabrication process, 
0071 FIG. 4 is a cross-sectional view illustrating a 
Semiconductor device according to Still another exemplary 
embodiment; 

0072 FIGS. 5A-5L are cross-sectional views of a semi 
conductor device of FIG. 4 during various stages in the 
fabrication process, 
0.073 FIG. 6 is an electrical schematic diagram illustrat 
ing a Voltage Stabilizer incorporating an LDMOS transistor 
according to one exemplary embodiment; 
0.074 FIG. 7 is an electrical schematic diagram illustrat 
ing an inverting type charge pump DC/DC converter incor 
porating LDMOS transistors according to another exem 
plary embodiment; 
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0075 FIG. 8A-8C are cross-sectional views illustrating 
conventional LDMOS transistors; 

0076 FIG. 9 is a cross-sectional view illustrating another 
conventional LDMOS transistor; 

0.077 FIG. 10 is a cross-sectional view illustrating still 
another conventional LDMOS transistor; 

0078 FIG. 11 contains characteristic curves for LDMOS 
transistors illustrating I-V characteristics with the drain 
current I, vertically, versus the gate voltage V horizontally; 
007.9 FIGS. 12A-12C contains characteristic curves for 
LDMOS transistors illustrating I-V characteristics with the 
drain current I, Vertically, versus the drain Voltage V, 
horizontally, 

0080 FIG. 13 (17) contains graphical plots illustrating 
the threshold voltage V has a function of the gate length for 
various ion impurity concentrations, 
0081 FIG. 14 is a cross-sectional view illustrating an 
NPN bipolar transistor according to one exemplary embodi 
ment, 

0082 FIGS. 15A-15F are cross-sectional views of a 
bipolar transistor of FIG. 14 during various stages in the 
fabrication process, 
0083 FIG. 16 contains a graphical plot illustrating the 
collector current I as a function of the voltage VCE between 
collector and emitter for an NPN bipolar transistor at an 
on-State, 

0084 FIG. 17 contains transistor characteristic curves 
for an NPN bipolar transistor at an on-state disclosed herein, 
including the bottom-half group of the curves illustrating the 
I-V characteristics, and the top-half group of the curves 
illustrating the V-V characteristics; 
0085 FIG. 18 contains a graphical plot illustrating the 
current amplification factor he as a function of collector 
current I for an NPN bipolar transistor; 

0.086 FIG. 19 is a cross-sectional view illustrating a PNP 
bipolar transistor according to an exemplary embodiment; 

0087 FIG. 20 is a cross-sectional view illustrating an 
NPN bipolar transistor according to another exemplary 
embodiment; 

0088 FIG. 21 contains transistor characteristic curves 
for an NPN bipolar transistor at an on-state, including the 
bottom-half group of the curves illustrating the I-V, 
characteristics, and the top-half group of the curves illus 
trating the V-V-E characteristics, 
0089 FIG. 22 contains a graphical plot illustrating the 
current amplification factor he as a function of collector 
current I for an NPN bipolar transistor; 

0090 FIG.23 is a cross-sectional view illustrating a PNP 
bipolar transistor according to an exemplary embodiment; 

0091 FIG. 24 is a plan view illustrating an NPN bipolar 
transistor according to another exemplary embodiment; 

0092 FIG.24B is a cross-sectional view taken generally 
along the line A-A of a structure of an NPN bipolar transistor 
of FIG. 24A; 
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0093 FIGS. 25D-25F are cross-sectional views of a 
semiconductor device of FIG.24B during various stages in 
the fabrication process, 
0094 FIG.26 is a cross-sectional view illustrating a PNP 
bipolar transistor according to an exemplary embodiment; 

0.095 FIG. 27 is a cross-sectional view illustrating an 
NPN bipolar transistor according to another exemplary 
embodiment; 

0096 FIG.28 is a cross-sectional view illustrating a PNP 
bipolar transistor according to another exemplary embodi 
ment, 

0097 FIG. 29 is an electrical schematic diagram illus 
trating a Voltage Stabilizer incorporating a bipolar transistor 
according to one exemplary embodiment; and 

0.098 FIG. 30 is an electrical schematic diagram illus 
trating an inverting type charge pump DC/DC converter 
incorporating bipolar transistors disclosed herein according 
to another exemplary embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0099. In the detailed description which follows, specific 
embodiments on a Semiconductor device incorporating 
either an LDMOS transistor or a bipolar transistor, and 
methods for fabricating Such Semiconductor devices. 

0100. It is understood, however, that the present disclo 
Sure is not limited to these embodiments, and it is appreci 
ated that the device and the method disclosed herein may 
also be adaptable to any form of Semiconductor devices. 
Other embodiments will be apparent to those skilled in the 
art upon reading the following description. 

0101. In addition, the first half of the following descrip 
tion relates semiconductor devices incorporating LDMOS 
and MOS transistors, while the second half relates bipolar 
transistors primarily having the LDMOS structure. 

0102) In an LDMOS semiconductor incorporated into a 
Semiconductor device disclosed herein, as will be detailed 
herein below, the LDMOS semiconductor is formed in a 
Semiconductor Substrate, including at least a medium con 
centration drain region formed preferably having an impu 
rity concentration Smaller than that of a channel well region. 
AS a result, an undue decrease in the effective channel length 
can be obviated, which may be caused during thermal 
diffusion proceSS Steps for forming both medium concen 
tration drain region and channel well region. 

0103) Also in the semiconductor device, the semiconduc 
tor substrate is of P conductivity type and the LDMOS 
transistor also of P-channel type. Further included are con 
ventional P-channel type, and N-channel type MOS transis 
tors, in which two regions for forming therein the P-channel 
type LDMOS transistor and the P-channel type MOS tran 
Sistor, respectively, are preferably formed Simultaneously in 
an N-type isolation well region in the Semiconductor Sub 
Strate, and a P-type drain well region for forming the 
P-channel type LDMOS transistor and a P-type well region 
for forming a conventional N-channel type MOS transistor 
are formed simultaneously in the N-type isolation well 
region. As a result, process StepS can be Simplified. 
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0104. In the case of another semiconductor device, the 
Semiconductor Substrate is of P conductivity type and the 
LDMOS transistor is of N-channel type. Further included is 
a conventional P-channel type MOS transistor, in which an 
N-type drain well region for forming the N-channel type 
LDMOS transistor and an N-type well region for forming 
the conventional P-channel type MOS transistor are formed 
Simultaneously in the Semiconductor Substrate. As a result, 
process Steps can be simplified. 
0105. Although P conductivity type of semiconductor 
Substrates are utilized for forming the above Semiconductor 
devices, N conductivity type of Substrates may alternatively 
be used to form Semiconductor devices including compo 
nents of the opposite conductivity type. 

0106 When both LDMOS transistor and conventional 
N-channel type MOS transistor are incorporated into the 
Semiconductor device, the gate oxide layer formed contigu 
ously under the LDMOS transistor has a thickness smaller 
than that of the conventional MOS transistor. This facilitates 
to decrease on resistance for the LDMOS transistor. 

0107 The semiconductor devices disclosed herein may 
Suitably be incorporated into Several circuits. 
0.108 For example, there provided is a power source unit 
with a circuit capable of outputting a constant Voltage by 
performing, comparison operations between an output Volt 
age and a reference Voltage, and feedback operations based 
on comparison results. By incorporating the LDMOS tran 
Sistor disclosed herein, the area for Output driver can be 
reduced because of decreased on resistance values of the 
transistor. 

0109 As another example, a charge pump type DC/DC 
converter may be provided for Outputting a persistent current 
flow by charging and discharging a capacitor performed by 
repeated Switching operations with a plurality of integrated 
Switches. By utilizing the LDMOS transistor disclosed 
herein as at least one of the Switches, the chip area required 
for resistors in practical products can be reduced, since 
decreased on resistance values facilitate to increase current 
Supply. 

0110. In the methods for fabricating a semiconductor 
device disclosed herein, the Step of thermally diffusing 
impurity ions during the formation of the medium concen 
tration drain region is preferably carried out after ion 
implantation Steps. This gives rise to an increase in the 
region of the medium concentration drain compared with the 
region formed without thermal diffusion, to thereby result in 
an increase in the number of ions possibly introduced in the 
region. As a result, the resistance of the medium concentra 
tion drain region can be decreased along with a decrease in 
drain resistance yet maintaining high threshold Voltages. 

0111. Also, in the methods for fabricating the semicon 
ductor device, the Step of thermally diffusing impurity ions 
for forming the medium concentration drain region is pref 
erably carried out simultaneously with the step of thermally 
diffusing impurity ions for forming the channel well region. 
AS a result, the medium concentration drain region can be 
increased without adding any further thermal diffusion Step. 
0112 Furthermore, in the method for fabricating the 
Semiconductor device, the number of impurity ions 
implanted for forming the channel well region is preferably 
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greater than that for forming the medium concentration drain 
region. As a result, an undue decrease in the effective 
channel length can be obviated, which may be caused during 
thermal diffusion process Steps for forming both medium 
concentration drain region and channel well region. 
0113) When both LDMOS transistor and conventional 
MOS transistor are incorporated into the semiconductor 
device, respective polysilicon gate electrodes of these two 
transistors are formed simultaneously in order to reduce the 
proceSS StepS. 

0114. In addition, in order to fully develop the charac 
teristics of the LDMOS transistor, the channel well region 
thereof has to be formed in the self-aligned manner with 
respect to the gate electrode. The Sequence of proceSS Steps, 
therefore, begins with channel doping Steps for determining 
a threshold of the conventional type MOS transistors, which 
are followed by thermal diffusing StepS at high temperatures 
for forming the channel well region. 
0115 Since the impurity layer in a buried channel type 
transistor, which contains impurity ions of conductivity type 
opposite to that of the Substrate, becomes deeper by the 
thermal diffusion Steps, and the gate electric field becomes 
ineffective to the entire region of the channel. In order to 
SuppreSS concomitant undue leakage, the threshold value has 
to be increased in order to decrease the above mentioned 
depth. 
0116. The threshold may reach 1.2 V or higher in such a 
case, which is larger than operation voltages for the practical 
products. This may thus result in a considerable difficulty. As 
long as utilizing previous process Steps, therefore, all tran 
sistors have to be formed with those of the Surface channel 
type to alleviate the above noted difficulty. 
0117. Also, in the above noted process steps, the intro 
duction of P-type impurity ions into the P-type polysilicon 
gate electrode of the conventional P-channel type MOS 
transistor is required prior to thermal diffusion Steps for 
forming the channel well region. (The conventional P-chan 
nel type MOS transistor is hereinafter referred to as Peh 
MOS.) 
0118. However, when the thermal diffusion steps are 
carried out under previously known conditions of 1100 C. 
for 120 to 240 min, for example, boron ions previously 
contained in the polysilicon gate electrode diffuse out there 
from into the channel region through the underlying gate 
oxide layer, i.e., punch-through effect. 
0119) This may also cause the difficulty, i.e., the decrease 
in the threshold voltage. As shown in FIG. 13, this effect is 
enhanced with the increase in the gate length and the 
concentration of boron ions in the gate electrode. 
0120) Furthermore, when threshold values are decreased 
in the PchMOS transistor and P-channel type LDMOS 
transistor provided with respective P-type polysilicon gates, 
a thin layer is formed in the surface area of the N-type 
Substrate, having a reduced concentration of N-type impu 
rities caused by the compensation with punched-through 
boron ions. 

0121 Since this may cause a leakage in the channel 
Surface region with relative ease even in thus fabricated 
Surface channel type transistors, there persists the difficulty 
in decreasing the threshold values in these P-channel type 
transistors. 

Feb. 9, 2006 

0.122 Therefore, it has become requisite for the present 
inventors to find the optimum concentration of P-type impu 
rities in P-type polysilicon gate electrodes in the PChMOS 
transistors, which will be described herein below. 

0123. In another aspect on the method for fabricating the 
Semiconductor device disclosed herein, there provided are a 
PchMOS formed in the semiconductor substrate, provided 
with a P-type polysilicon gate electrode doped with P-type 
impurity ions formed contiguously above a gate oxide layer; 
and an LDMOS transistor provided with a channel well 
region formed, by thermal diffusion Steps, contiguously 
under a gate electrode having a partial Overlap with the gate 
electrode. 

0.124. In addition, the P-type polysilicon gate electrode is 
made of polysilicon layer having a thickness of at least 500 
nm and a concentration of the P-type impurity ions ranging 
from 2.0x10" to 1.0x10' cm, and thermal diffusion 
process Steps following an ion implantation for forming the 
channel well region are carried out at a temperature ranging 
from 1050 to 1100 C. for a period of time ranging from 100 
to 500 min. 

0.125 By bringing the P-type impurity concentration of 
the P-type polysilicon gate electrode to be the above 
mentioned range, and by carrying out the thermal diffusion 
StepS also under the above mentioned conditions, it has been 
found the resultant impurity concentration following the 
process Steps remains within the range, in which the 
decrease in PchMOS threshold values and the leakage in 
channel Surface region can effectively be obviated, Since it 
is assured by the above P-type impurity concentration that 
no effect on the Substrate impurity concentration is caused 
even taking the punch-through effect into consideration. It 
may be added that boron ions are used as the P-type 
impurities. 

0.126 In still another aspect, the method for fabricating 
the Semiconductor device may preferably include a further 
Step for forming the P-type polysilicon gate electrode by first 
forming a polysilicon layer without including impurity ions 
on the gate oxide, Second forming a Silicon oxide layer on 
the polysilicon layer to a thickness ranging from 25 to 50 
nm, and Subsequently doping P-type impurity ions by 
implanting through the Silicon oxide layer Such that an 
impurity concentration in the polysilicon layer reach the 
above noted concentration ranging from 2.0x10" to 1.0x 
101.9 cm13. 

0127. As a result, the punch-through by P-type ions 
through the gate oxide layer can be prevented during ion 
implantation for forming P-type polysilicon gate electrode, 
which is caused by channeling through grain boundaries, for 
example. 

0128. As the conventional MOS transistors described 
herein above in this disclosure, there may alternatively be 
used are those having either the LDD (double doped drain) 
structure or LOCOS structure including a thick oxide layer 
at the gate edge portion. 

0129. The bipolar semiconductor having the LDMOS 
structure disclosed herein will now be detailed. 

0.130. The bipolar transistor includes at least a semicon 
ductor Substrate, a collector formed in the Substrate, a gate 
dielectric layer formed on the Substrate, a gate electrode 



US 2006/0027864 A1 

formed further thereon, a base formed in the collector having 
a partial overlap with the gate electrode, an emitter formed 
in close proximity to one side of the gate electrode in the 
base, a high concentration ohmic diffusion layer for con 
necting the base, formed in the base spatially Separated from 
the emitter, and a high concentration ohmic diffusion layer 
for connecting the collector, formed in the collector on the 
other Side of the gate electrode. 
0131. In addition, a wiring in the transistor is formed for 
connecting either the gate electrode with the base to be 
equipotential one another, or the gate electrode with the 
emitter again to be equipotential one another. 
0.132. In the bipolar transistor, since the high concentra 
tion ohmic diffusion layer for connecting the collector and 
the gate electrode are preferably formed Spatially Separated 
one another in the transistor, the gate modulation effect can 
be Suppressed and threshold Voltages are increased. 
0.133 For forming the high concentration ohmic diffusion 
layer for connecting the collector and the gate electrode 
Spatially Separated one another, as mentioned above, a 
medium concentration collector is preferably formed in the 
collector in intermediate between the gate electrode and the 
high concentration ohmic diffusion layer for connecting 
collector, which is made of a diffusion layer of the first 
conductivity type having an impurity concentration larger 
than the collector, and Smaller than the high concentration 
ohmic diffusion layer for connecting collector. 
0134. As a result, a collector resistance between the high 
concentration ohmic diffusion layer for connecting the col 
lector and gate electrode can be reduced, and the current 
amplification factor can be increased in the high current 
range. 

0135 The bipolar transistors disclosed herein may suit 
ably be incorporated into Several circuits. For example, a 
power Source unit may be provided being capable of out 
putting a constant Voltage by performing comparison opera 
tions between an output voltage and a reference Voltage, and 
feedback operations based on comparison results. 
0136. By incorporating preferably the bipolar transistor 
disclosed herein as the output driver for the power Source 
unit, the area for output driver can be reduced yet maintain 
ing high threshold Voltages. 
0.137 AS another example, a charge pump type DC/DC 
converter may be provided for Outputting a persistent current 
flow by charging and discharging a capacitor performed by 
repeated Switching operations of a plurality of internal 
Switches. By utilizing the bipolar transistor disclosed herein 
as at least one of its internal Switches, the chip area required 
for resistors in practical products can be decreased yet 
maintaining high threshold Voltages. 

0.138. In the methods for fabricating a semiconductor 
device disclosed herein, the Step of forming the medium 
concentration collector is preferably carried out immediately 
after the Step of forming the base. 

0.139. In addition, the medium concentration collector, 
made of a diffusion layer of the first conductivity type, is 
herein formed in the collector on the other Side of the gate 
electrode from the base in the Self-aligned manner with 
respect to the gate electrode by implanting impurity ions of 
the first conductivity type, and the high concentration ohmic 
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diffusion layer for connecting the collector is formed, at the 
Step of forming the high concentration ohmic diffusion layer 
for connecting the collector, Spatially Separated from the 
gate electrode in close proximity to the medium concentra 
tion collector. 

0140. The position of the medium concentration collector 
is therefore determined by the edge of the gate electrode. AS 
a result, the dispersion in alignment of the distance between 
the medium concentration collector and the base during 
photolithographic proceSS Steps can be made Small enough 
to be disregarded. 
0141 Having generally described the present disclosure, 
the following examples are provided further to illustrate 
preferred embodiments. This is intended to be illustrative 
but not to be limiting to the materials, devices or methods 
described herein. 

0142. In addition, the first half of the following section 
relates semiconductor devices incorporating LDMOS and 
MOS transistors, while the second half primarily relates 
bipolar transistors having LDMOS structure. 

EXAMPLES 

0.143 FIG. 1 is a diagrammatic cross-sectional view 
illustrating an NchLDMOS transistor according one 
embodiment disclosed herein. 

0144. Referring to FIG. 1, an N-type drain well region 21 
is formed in a P-type substrate 1. 
0145. In the N-type drain well region 21, a P-type well 
region 23 is Subsequently formed, a portion of which Serves 
as a channel region. In addition, an N-type Source 11S is 
formed in the P-type well region 23. 
0146 Also formed in the N-type well region 21 is a 
medium concentration N-type drain region 24, which is 
Spatially Separated from the P-type well region 23 having a 
concentration of N-type impurities Such as, for example, 
phosphorous ions higher than that of the N-type well region 
21. 

0147 Furthermore, an N-type drain 11d is formed in the 
medium concentration N-type drain region 24 having 
another concentration of N-type impurities Such as, for 
example, phosphorous ions higher than that of the medium 
concentration N-type drain region 24. 
0.148. An N-type gate electrode 11g, made of polysilicon, 
is formed with an underlying gate oxide layer 11 Ox inter 
posed between the gate electrode 11g and the well region 21. 
This gate electrode 11g is disposed in intermediate between 
N-type source 11s and N-type drain 11d above N-type well 
region 21, overlying the Spatial portion between the P-type 
well region 23 and the medium concentration N-type drain 
region 24, and Spatially Separated from the N-type drain 11d. 
The distance between the N-type gate electrode 11g and the 
N-type drain 11d is 1.5 tim, for example, and the thickness 
of the gate oxide 11Ox is approximately 30 nm. 
0149. As a result, the surface of the P-type channel well 
region 23 under the N-type gate electrode 11g is operative as 
a channel region. 
0150. The N-type gate electrode 11g is doped by either 
implanting or thermally diffusing with N-type impurities 
Such as, for example, phosphorus ions to a concentration 
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typically of 1.0x10 cm. The N-type source 11s, the 
P-type well region 23, and the medium concentration N-type 
drain region 24 are formed in the Self-aligned manner with 
respect to the N-type gate electrode 11g. 

0151. Into the P-type channel well region 23, P-type 
impurities Such as, for example, boron ions are implanted to 
a concentration of 6.0x10' cm. Also, phosphorus ions are 
implanted as N-type impurities into the N-type drain well 
region 21 to have a concentration of 6.0x10 cm in the 
region between N-type drain 11d and P-type channel well 
region 23 (drain 21a). In the NchMOS 11, therefore, the 
drain 21a has an impurity concentration Smaller than that of 
the channel region. 

0152 With the device structure disclosed herein above, 
the impurity concentration in drain Surface region at the 
edge portion of the N-type drain region 24 (i.e., in the 
medium concentration N-type drain region 24) is retained in 
the same order as that in the device previously disclosed in 
Japanese Laid-Open Patent Application No. 10–335663, 
even after implanting into the medium concentration N-type 
drain region 24 with a dose ranging two or three times of the 
previous level. As a result, no reduction in the gate modu 
lated withstand voltage is assured for the device with the 
present Structure. 

0153. In addition, since the medium concentration N-type 
drain region 24 can be formed having a larger diffusion 
depth, the resistance can be considerably reduced in this 
region. Furthermore, since the N-type source 11s and the 
medium concentration N-type drain region 24 are formed in 
the Self-aligned manner with respect to the N-type gate 
electrode 11g as indicated earlier, the stability of the device 
characteristics can be increased over the previous device of 
the application 663. 

0154 As a result, drain currents Id in relatively high 
range of gate Voltage Vg can be larger than those obtained 
with the previous devices disclosed in the applications, 663 
and 903, thereby leading to smaller on-resistance values 
with increased gate Voltages, as evidenced by the results 
shown in FIG. 11. In addition, another improvement is 
achieved in thermal characteristics during parasitic bipolar 
operations, in which the drain withstand Voltage (drain 
voltage Vd) of the order of 35 V is obtained even for drain 
current Id as much as 15 mA, as illustrated in FIG. 12C, 
thereby indicating an increase in the drain withstand Voltage 
over previous devices. 
O155 In order to implement the formation of the N-type 
Source 11S, the P-type well region 23, and the medium 
concentration N-type drain region 24 in the Self-aligned 
manner with respect to the N-type gate electrode 11g, 
phosphorus and boron ions have to be introduced into the 
N-type gate electrode 11g during the proceSS StepS for 
forming the N-type source 11S, P-type well region 23, and 
medium concentration N-type drain region 24. 
0156. It is noted herein with respect to the impurity 
concentration that no appreciable effect on transistor char 
acteristics is found Such as, for example, threshold Voltage, 
on resistance, and withstand Voltage, Since the phosphorus 
concentration for determining the polarity of the N-type gate 
electrode 11g is over ten times as large as that implanted into 
the N-type source 11S, the P-type well region 23, and the 
medium concentration N-type drain region 24. 

Feb. 9, 2006 

O157 FIG. 2 is a diagrammatic cross-sectional view 
illustrating a Semiconductor device according to another 
embodiment disclosed herein. 

0158. The structure includes a low voltage CMOS region 
consisting of a conventional N-channel MOS transistor 
(NchMOS) and a conventional P-channel MOS transistor 
(PchMOS), and a high voltage CMOS region consisting of 
a P-channel LDMOS transistor (PchLDMOS) and an 
N-channel LDMOS transistor (NchLDMOS), in which 
LDMOS transistors disclosed herein are utilized in the 
present Structure. 

0159 Referring to FIG. 2, a low voltage CMOS region 3 
and a high voltage CMOS region 5 are formed in a P-type 
Semiconductor Substrate (P-type Substrate) 1 having a resis 
tance of approximately 20 um. In the low voltage CMOS 
region 3, a PehMOS 7 and an NchMOS 9 are formed. The 
voltage applied to either PehMOS 7 or NchMOS 9 is 
approximately 5 V, for example. 

0160. In the high voltage CMOS region 5, the NchLD 
MOS 11 and the Pehl DMOS 13 are formed. The voltage 
applied to either NchLDMOS 11 or Pehl DMOS 13 is 
typically about 30 V. The transistors, PchMOS 7, NchMOS 
9, NchLDMOS 11, and PchLDMOS 13, are electrically 
isolated from each other by a field oxide layer 15 which is 
formed on the P-type Substrate 1 to a thickness of approxi 
mately 800 nm. 

0161 In the region for forming the PehMOS 7 of the low 
voltage CMOS 3, there formed in the P-type substrate 1 is 
an N-type well region 17, in which two P-type regions are 
formed Spatially Separated for a Source 7s and a drain 7d, 
respectively. 

0162. In addition, a P-type gate electrode 7g made of 
polysilicon is formed, Spatially disposed in intermediate 
between the N-type source and drain regions, 7s and 7d, 
above the N-type well region 17, and interposed by an 
underlying gate oxide layer 7ox between the gate electrode 
7g and the well region 17. As a result, the surface of the 
N-type well region 17 under the P-type gate electrode 7g is 
operative as a channel region. 

0163 The thickness of gate oxide layer 7ox is typically of 
the order of 65 nm. The P-type gate electrode 7g is formed 
to have a concentration of P-type impurities Such as, for 
example, boron ions ranging from 2.0x10" to 10x10 
cm, which is presently implanted with a dose of approxi 
mately 5.0x10 cm'. Both P-type source and drain regions, 
7a and 7d, are formed in the self-aligned manner with 
respect to the P-type gate electrode 7g. 

0164. Into the N-type well region 17, N-type impurities 
Such as, for example, phosphorus ions are implanted to a 
concentration of 1.0x10" cm. Also, boron ions are 
implanted as P-type impurities into the P-type Source 7a and 
drain 7d to a concentration of 5.0x10' cm. In the Peh 
MOS 7, therefore, the source and drain regions, 7a and 7d, 
have an impurity concentration higher than that of the 
channel region. 

0165. In the region of the NchMOS 9, there formed in the 
P-type substrate 1 is a P-type well region 19, in which two 
N-type regions are formed Spatially Separated for Source 9a 
and drain 9d, respectively. 
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0166 In addition, an N-type gate electrode 9g made of 
polysilicon is formed, Spatially disposed intermediate the 
N-type source and drain regions 9a and 9d above the P-type 
well region 19, and interposed by an underlying gate oxide 
layer 9ox between the gate electrode 9g and the well region 
19. As a result, the surface of the P-type well region 19 under 
the N-type gate electrode 9g is operative as a channel region. 
The thickness of gate oxide layer 9ox is typically of the order 
of 65 nm. 

0167 The N-type gate electrode 9g is doped by either 
implanting or thermally diffusing N-type impurities Such as, 
for example, phosphorus ions to a concentration typically of 
10x10 cm. Both N-type source and drain regions, 9a 
and 9d, are formed in the Self-aligned manner with respect 
to the N-type gate electrode 9g. 
0168 Into the P-type well region 19, P-type impurities 
Such as, for example, boron ions are implanted to a concen 
tration in the channel region of 1.0x10" cm. Also, phos 
phorus ions are implanted as N-type impurities into the 
N-type source 9a and drain 9d to a concentration of 1.0x10' 
cm. In the NchMOS 9, therefore, the N-type source and 
drain regions, 9a and 9d, have an impurity concentration 
higher than that of the channel region. 

0169. The high voltage CMOS region 5 is now detailed 
herein below, which consists of the regions for forming an 
NchLDMOS transistor 11 and a Peh LDMOS transistor 13, 
as indicated earlier. In the NchLDMOS region, there formed 
is the NchLDMOS transistor 11. Since the NchLDMOS 
transistor 11 has a similar structure to that of FIG. 1, details 
thereof are herein abbreviated. 

0170 In the region for forming of the Pehl DMOS tran 
sistor 13 of the high voltage CMOS, there formed in the 
P-type substrate 1 is an N-type isolation well region 25 for 
implementing the electrical isolation of the transistor region 
from the Substrate 1. 

0171 In the N-type well region 25, a P-type drain well 
region 27 is subsequently formed. In the P-type drain well 
region 27, an N-type channel well region 29 is formed, a 
portion of which Serves as a channel region. In addition, a 
P-type source 13s is formed in the N-type channel well 
region 29. Also formed in the P-type drain well region 27 is 
a medium concentration P-type drain region 30, which is 
spatially separated from the N-type channel well region 29 
having a concentration of P-type impurities Such as, for 
example, boron ions higher than that of the P-type drain well 
region 27. 

0172 Furthermore, another drain region 13d is formed in 
the medium concentration P-type drain region 30 having 
another concentration of P-type impurities Such as, for 
example, boron ions higher than that of the medium con 
centration P-type drain region 30. 

0173 A P-type gate electrode 13.g., made of polysilicon, 
is formed with an underlying gate oxide layer 13ox inter 
posed between the gate electrode 13g and the well region 27. 
This gate electrode 13g is formed, Spatially disposed in 
intermediate between P-type source 13s and P-type drain 
13d above P-type well region 27, overlying the spatial 
portion between the N-type well region 29 and the medium 
concentration P-type drain region 30, and being Separated 
from the P-type drain 13d. 
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0.174. The distance between the p type gate electrode 13g 
and the P-type drain 13d is 1.0 lum, for example, and the 
thickness of the gate oxide layer 13Ox is approximately 30 
nm. As a result, the Surface of the N-type channel well 
region 29 under the P-type gate electrode 13g is operative as 
a channel region. 
0.175. The P-type gate electrode 13g is doped to a con 
centration of P-type impurities Such as, for example, boron 
ions ranging from 2.0x10" to 10x10' cm, which is 
presently implanted with a dose of approximately 5.0x10' 
cm°. The P-type source 13s, the N-type channel well region 
29, and the medium concentration P-type drain region 30 are 
formed in the Self-aligned manner with respect to the P-type 
gate electrode 13.g. 
0176 Into the N-type channel well region 29, N-type 
impurities Such as, for example, phosphorus ions are 
implanted to a concentration of 5.0x10" cm. Also, boron 
ions are implanted as P-type impurities into the P-type drain 
well region 30 to have a concentration of 1.0x10" cm in 
the region between P-type drain 13d and N-type channel 
well region 29 (drain 27a). In the PchLDMOS 13, therefore, 
the drain 27a has an impurity concentration Smaller than that 
of the channel region. 
0177 Subsequently, a CVD interlayer 28 is grown by 
CVD (chemical vapor deposition) method over the entire 
area of the Structure. OThe next Step in the present process 
is to make openings, using conventional masking and etch 
ing techniques, for forming the electrical contacts. Thereaf 
ter, a layer of aluminum 26 as a metal wiring is deposited 
and the desired metallization pattern is defined through 
conventional masking and metal etching techniques. 
0.178 The metal wiring 26 is then electrically connected 
by way of the contact holes to the P-type sources 7s and 13s, 
N-type sources 9s and 11S, P-type drains 7 d and 13d, and 
N-type drains 9d and 11d. 
0179. In the present device structure, the respective gate 
oxide layers, 7ox and 9ox, of PehMOS 7 and NchMOS 9, are 
formed to have a thickness of approximately 65 nm as 
indicated earlier, which is larger than the approximately 30 
nm thickness of the gate oxide layers, 11 Ox and 190x, of 
NchLDMOS 11 and PchLDMOS 13. 

0180. In addition, the N-type well region 17 of PehMOS 
7, N-type drain well region 21 of NchLDMOS 11, and 
N-type well region 25 of Pehl DMOS 13, are formed 
simultaneously. Furthermore, the P-type well region 19 of 
NchMOS 9 and P-type drain well region 27 of Pehl DMOS 
13 are formed simultaneously. 

0181 Since the gate oxide layers, 7ox and 9ox, are 
formed to have a thickness larger than that of the gate oxide 
layers, 11Ox and 190x, as indicated above, there can be 
suitably utilized two well regions, the one is the N-type well 
region 17 which is formed simultaneously with the N-type 
drain well region 21 and N-type well region 25, and the other 
is the P-type well region 19 which is formed simultaneously 
with the P-type drain well region 27. 

0182) In the NchLDMOS 11 and PchLDMOS 13, the 
medium concentration drain regions, 24 and 30, are formed, 
in the Self-aligned manner, in close proximity with N-type 
gate electrode 11g and P-type gate electrode 13.g., respec 
tively. As a result, drain resistance values can be reduced 
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considerably and the Stability of the device characteristics is 
increased of the Semiconductor device disclosed herein. 

0183) While the present semiconductor device has been 
described with reference to the PehMOS 7, NchMOS 9, 
NchLDMOS 11, and PchLDMOS 13, formed in the P-type 
Substrate 1, the device Structure is not limited to those 
described above, but applicable to any device incorporating 
the LDMOS transistors. 

0184 Referring now to FIGS. 3A through 3L, there is 
shown, in a Series of cross-sectional views, a Sequence of 
Some proceSS Steps which may be utilized in fabricating the 
semiconductor device of FIG. 2. 

0185 (1) A layer of photoresist is disposed on a P-type 
Substrate 1, the portions of which are removed through 
conventional masking and etching operations, whereby a 
resist pattern (not shown) is formed having the openings, 
which define the regions for forming a PchMOS 7 of low 
voltage CMOS 3, and an NchLDMOS 11 and a Pehl DMOS 
13 of high voltage CMOS region 5. 
0186 For forming the above-mentioned regions, phos 
phorus ions are implanted into the P-type Substrate using the 
resist pattern as a mask under the conditions of an accel 
eration, energy of 150 keV and a dose of approximately 
4.0x10 cmi. After removing the resist pattern, the 
implanted phosphorus ions are Subjected to thermal diffu 
sion at 1180 C. for 24 hours whereby an N-type well region 
17, an N-type isolation well region 25 and an N-type drain 
well region 21 are formed simultaneously (FIG. 3A). 
0187 (2) Another layer of photoresist is disposed on the 
P-type substrate 1, the portions of which are removed 
through conventional masking and etching operations, 
whereby another resist pattern (not shown) is formed having 
the openings which are defined corresponding to the regions 
for forming an NchMOS 9, and a Pehl DMOS 13 in the 
N-type isolation well region 25. 
0188 Thereafter, boron ions are implanted under the 
conditions of an acceleration energy of 50 keV and a dose 
of approximately 4.0x10' cmf. After removing the resist 
pattern, the implanted boron ions are Subjected to thermal 
diffusion at 1150° C. for 8 hours whereby a P-type well 
region 19 in the region for NchMOS 9 and a P-type drain 
well region 27 in the N-type isolation well region 25 are 
formed simultaneously (FIG. 3B). 
0189 (3) A field oxide layer 15 is then formed by the 
LOCOS (local oxidation of silicon) method on the substrate 
1 with a thickness of approximately 800 nm, to thereby 
implement the isolation of the regions for the MOS transis 
tors, 7, 9, 11 and 13 (FIG. 3C). Impurity regions as channel 
StopperS may also be formed under respective oxide layer 
15, when relevant. 

0190 (4) A plurality of pre-gate oxide layers 2 are each 
formed, having a thickness of 40 nm, on the top Surface area 
of the N-type well region 17, P-type well region 19, N-type 
drain well region 21, and P-type drain well region 27. 
0191 Thereafter, a resist pattern 4 is formed having an 
opening corresponding to the region for forming the Peh 
MOS 7. Using the resist pattern 4 as a mask, an ion 
implantation for channel doping is carried out into the 
N-type well region 17 to control its threshold voltage (FIG. 
3D). 
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0192 (5) After removing the resist pattern 4, another 
resist pattern 6 is formed having an opening corresponding 
to the region for forming the NchMOS 9. Using the resist 
pattern 6 as a mask, another ion implantation for channel 
doping is carried out into the P-type well region 19 to control 
threshold voltages (FIG. 3E). 
0193 (6) Following the removal of the resist pattern 6, 
another resist pattern 8 is formed having an opening corre 
sponding to the regions for forming the NchLDMOS 11 and 
PchLDMOS 13. Using the resist pattern 8 as a mask, the 
pre-gate oxide layerS 2 are removed by etching with hydrof 
luoric acid Solution from the Surface regions of both N-type 
drain well region 21 and P-type drain well region 27 (FIG. 
3F). 
0194 (7) Following the removal of the resist pattern 8, 
the structure is subjected to thermal oxidation to thereby 
form oxide layers, 11Ox and 13Ox, on the Surface regions of 
N-type drain well 21 and P-type drain well region 27, 
respectively, to a thickness of approximately 30 nm. 
0.195 Pre-existed gate oxide layers on the surface regions 
of N-type well 17 and P-type well 19 are also oxidized 
during the oxidation Step to a thickness of approximately 65 
nm, whereby gate oxide layers, 7ox and 9ox, are formed 
(FIG. 3G). 
0196) (8) A polysilicon layer 10 is grown to a thickness 
of 500 nm by CVD method over the entire area of the 
Structure. The polysilicon layer 10 is then Subjected to 
thermal oxidation, whereby the surface thereof is oxidized at 
850° C. to form a silicon oxide layer (not shown) to a 
thickness of 25 nm (FIG. 3H). 
0197) (9) Thereafter, a resist pattern 12 is formed on the 
polysilicon layer 10 having the openings which are defined 
corresponding to the regions for forming the PChMOS 7 and 
PchLDMOS 13. Using the resist pattern 12 as a mask, boron 
ions are implanted into the polysilicon layer 10 under the 
conditions of an acceleration energy of 20 keV and a dose 
ranging from 1x10" to 5x10" cm?, whereby a P-type 
polysilicon layer 10p is formed (FIG. 3I). 
0198 (10) After removing the resist pattern 12, a silicon 
oxide layer 14 is formed to a thickness of 200 nm over the 
entire area of the structure. Predetermined portions of the 
Silicon oxide layer 14 are then removed, through etching and 
photolithography techniques, to form openings for the Nch 
MOS 9 and NchLDMOS 11. 

0199 Thereafter, phosphorus is deposited over the thus 
formed structure and subjected to thermal treatment at 900 
C. for approximately 30 min, whereby N-type polysilicon 
layers 10n is formed (FIG. 3J). 
0200. The N-type polysilicon layers 10n may alterna 
tively be formed by ion implantation. 

0201 (11) After removing the silicon oxide layer 14, the 
polysilicon layers, 10n and 10p, are Subjected to patterning 
Steps to form Simultaneously Several gate electrodes Such as 
a P-type gate electrode 7g for the PehMOS 7, which is 
formed of P-type polysilicon on the gate oxide layer 7ox, an 
N-type gate electrode 9g for the NchMOS 9, which is 
formed of N-type polysilicon on the gate oxide layer 9ox; an 
N-type gate electrode 11g for the NchLDMOS 11, which is 
formed of N-type polysilicon on the gate oxide layer 11Ox; 
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and a P-type gate electrode 13g for the PchLDMOS 13, 
which is formed of P-type polysilicon on the gate oxide layer 
13x. 

0202) Thereafter, still another resist pattern (not shown) 
is formed having an opening for the region for forming the 
N-type channel well region 29 of the Pehl DMOS 13 and 
P-type gate electrode 13.g. Using both the resist pattern and 
the gate electrode 13g as a mask, phosphorus ions are 
implanted into the P-type drain well region 27 under the 
conditions of an acceleration energy of 100 keV and a dose 
of approximately 2.7x10 13 cm', whereby an N-type chan 
nel well region 29 is formed in close proximity with the 
P-type gate electrode 13g. 

0203 Subsequently, another resist pattern (not shown) is 
formed having an opening for the region for forming the 
P-type channel well region 23 of the NchLDMOS 11 and 
P-type gate electrode 11g. Using both the resist pattern and 
the gate electrode 11g as a mask, boron ions are implanted 
into the N-type drain well region 21 under the conditions of 
an acceleration energy of 30 keV and a dose of approxi 
mately 3x10" cm’, whereby a P-type channel well region 
23 is formed in close proximity with the N-type gate 
electrode 11g. 

0204 Thereafter, still another resist pattern (not shown) 
is formed having an opening for the region for forming a 
medium concentration P-type drain region 30 of the Pehl D 
MOS 13 and P-type gate electrode 13.g. Using the resist 
pattern and the gate electrode 13g as a mask, boron ions are 
implanted into the P-type drain well region 27 under the 
conditions of an acceleration energy of 30 keV and a dose 
of approximately 5.0x10 cm?, whereby the medium 
concentration P-type drain region 30 is formed in close 
proximity with the P-type gate electrode 13g. 

0205 Another resist pattern (not shown) is then formed 
having openings for a medium concentration N-type drain 
region 24 of NchMOS 11 and N-type gate electrode 11g. 
Using the resist pattern and the gate electrode 11g as a mask, 
phosphorus ions are implanted into the N-type drain well 
region 21 under the conditions of an acceleration energy of 
100 keV and a dose of approximately 5.0x10 12 cm’, 
whereby the medium concentration N-type drain region 24 
is formed in close proximity with the N-type gate electrode 
11g. 

0206. Thereafter, the thus formed structure is subjected to 
the steps of thermal diffusion at 1100 C. for 200 min, 
whereby the thermal diffusion of implanted ions is carried 
out in the regions of the P-type channel well region 23, 
medium concentration N-type drain region 24, N-type chan 
nel well region 29, and medium concentration P-type drain 
region 30 (FIG. 3K). 
0207 Subsequently, another resist pattern (not shown) is 
formed having openings for Several regions Such as an 
N-type well region 17 of the PehMOS 7, a region which 
situated on the N-type channel well region 29 in the Pehl D 
MOS 13 and in close proximity with the p type gate 
electrode 13g, and the medium concentration P-type drain 
region 30. 

0208. During the formation of this resist pattern, in 
addition, the opening for the above mentioned region in 
close proximity with the p type gate electrode 13g is made 
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having an overlap with the P-type drain region 30 with a 1.0 
tim width from the gate electrode 13.g. 
0209. Using the resist pattern as a mask, boron ions are 
implanted simultaneously into the N-type well region 17, 
N-type channel well region 29, and medium concentration 
P-type drain region 30, under the conditions of an accelera 
tion energy of 30 keV and a dose of approximately 2.0x10" 
cm2. 

0210. After removing the resist pattern, another resist 
pattern (not shown) is formed having openings for several 
regions such as a P-type well region 19 of the NchMOS 9, 
a region which situated on the P-type channel well region 23 
in the NchLDMOS 11 and in close proximity with the 
N-type gate electrode 11g, and the medium concentration 
N-type drain region 24. 
0211. During the formation of this resist pattern, in addi 
tion, the opening for the above mentioned region in close 
proximity with the N-type gate electrode 11g is formed 
having an overlap with the N-type drain region 24 with a 1.5 
tim width from the gate electrode 11g, Such that this distance 
can be achieved between the gate electrode 11g and N-type 
drain 11d. 

0212. Using the resist pattern as a mask, ions of either 
phosphorus or arsenic are implanted Simultaneously into the 
P-type well region 19, P-type channel well region 23, and 
medium concentration N-type drain region 24, under the 
conditions of an acceleration energy of 50 keV and a dose 
of approximately 6.0x10 cm 
0213. After removing the resist pattern, the thus formed 
structure is subjected to the steps of thermal diffusion of 
implanted ions, whereby there formed are the P-type Source 
7s and drain 7d in N-type well region 17 of the PehMOS 7, 
and the N-type source 9s and drain 9d in P-type well region 
19 of the NchMOS 9; the N-type source 11s in P-type 
channel well region 23, and the N-type drain 11d in medium 
concentration N-type drain region 24, of the NchLDMOS 
11; and the P-type source 13s in N-type channel well region 
29, and the P-type drain 13d in medium concentration P-type 
drain region 30, of the Pehl DMOS 13. 
0214. In order to reduce the electric field strength in the 
vicinity of the gates, the N-type drain 11d is formed with a 
distance of 1.5 um from the gate electrode 11g in the 
NchLDMOS 11, as indicated earlier. Similarly, the P-type 
drain 13d is formed with a distance of 1.0 um from the gate 
electrode 13g in the Peh LDMOS 13 (FIG. 3L). 
0215. An interlayer CVD layer 28 is subsequently grown. 
The next step is to make contact holes in the interlayer CVD 
layer 28 for the regions of P-type sources 7s and 13s, N-type 
Sources 9s and 11S, P-type drains 7d and 13d, and N-type 
drains 9d and 11d. Thereafter, metal wirings 26 are defined 
through the contact holes and on the interlayer CVD layer 28 
(FIG. 2). 
0216 While the present semiconductor device has been 
described with reference to FIG. 2 with the low voltage 
CMOS region 3 and high voltage CMOS region 5, formed 
in the P-type Substrate 1, these regions may alternatively be 
formed in a single P-type well region. 

0217. In addition, the structures and the methods dis 
closed herein above with reference to FIG. 1 with the P-type 
Semiconductor Substrate may also be applicable to low 
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Voltage and high Voltage CMOS regions formed either in an 
N-type Semiconductor Substrate or in a Single N-type well 
region. 

0218 FIG. 4 is a diagrammatic cross-sectional view 
illustrating a Semiconductor device according to Still another 
embodiment disclosed herein. 

0219. The structure includes a low voltage CMOS region 
consisting of a P-channel MOS transistor (PchMOS) and an 
N-channel MOS transistor (NchMOS), and a high voltage 
CMOS region consisting of a P-channel LDMOS transistor 
(PchLDMOS) and an N-channel LDMOS transistor 
(NchLDMOS), in which LDMOS transistors disclosed 
herein are utilized in the present Structure. 
0220 Referring to FIG. 4, a low voltage CMOS region 
33 and a high voltage CMOS region 35 are formed in an 
N-type semiconductor substrate (N-type substrate) 31 hav 
ing a resistance of approximately 20 cm. In the low voltage 
CMOS region 33, a PehMOS 37 and an NchMOS 39 are 
formed. The voltage applied to either PehMOS 37 or Nch 
MOS 39 is typically approximately 5 V, for example. 

0221) In the high voltage CMOS region 35, the Pehl D 
MOS 41 and the NchLDMOS 43 are formed. The voltage 
applied to either Pehl DMOS 41 or NchLDMOS 43 is 
typically about 30 V. The transistors, PchMOS 37, NchMOS 
39, PchLDMOS 41 and NchLDMOS 43, are electrically 
isolated from each other by a field oxide layer 45 which is 
formed on the N-type Substrate 31 to a thickness of approxi 
mately 800 nm. 
0222. In the region for forming the PehMOS 37 of the 
low voltage CMOS, there formed in the N-type substrate 31 
is an N-type well region 47, in which two P-type regions are 
formed spatially separated for a source 37s and a drain 37d, 
respectively. 

0223) In addition, a P-type gate electrode 37g made of 
polysilicon is formed, Spatially disposed in intermediate 
between the N-type source and drain regions, 37s and 37d, 
above the N-type well region 47, and interposed by an 
underlying gate oxide layer 37ox between the gate electrode 
37g and the well region 47. As a result, the surface of the 
N-type well region 47 under the P-type gate electrode 37g is 
operative as a channel region. 

0224. The thickness of gate oxide layer 37ox is typically 
of the order of 65 nm. The P-type gate electrode 37g is 
formed to have a concentration of P-type impurities Such as, 
for example, boron ions ranging from 2.0x10" to 1.0x10' 
cm, which is presently implanted with a dose of approxi 
mately 5.0x10'cmi. Both P-type source and drain regions, 
37s and 37d, are formed in the self-aligned manner with 
respect to the P-type gate electrode 37g. 

0225 Into the N-type well region 47, N-type impurities 
Such as, for example, phosphorus ions are implanted to a 
concentration of 5.0x10" cm. Also, boron ions are 
implanted as P-type impurities into the P-type source 37s 
and drain 37d to a concentration of 5.0x10' cm. In the 
PchMOS 37, therefore, the source and drain regions, 37s and 
37d, have an impurity concentration higher than that of the 
channel region. 

0226. In the region of the NchMOS 39, there formed in 
the P-type substrate 31 is a P-type well region 49, in which 
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two N-type regions are formed Spatially Separated for Source 
39a and drain 39d, respectively. 

0227. In addition, an N-type gate electrode 39g made of 
polysilicon is formed, Spatially disposed in intermediate 
between the N-type source and drain regions, 39S and 39d., 
above the P-type well region 49, and interposed by an 
underlying gate oxide layer 390x between the gate electrode 
39g and the well region 49. As a result, the surface of the 
P-type well region 49 under the N-type gate electrode 39g is 
operative as a channel region. 

0228. The thickness of gate oxide layer 39 ox is typically 
of the order of 65 nm. The N-type gate electrode 39g is 
doped by either implanting or thermally diffusing N-type 
impurities Such as, for example, phosphorus ions to a 
concentration typically of 1.0x10 cm. Both N-type 
Source and drain regions, 39S and 39d, are formed in the 
Self-aligned manner with respect to the N-type gate elec 
trode 39g. 

0229 Into the P-type well region 49, P-type impurities 
Such as, for example, boron ions are implanted to a concen 
tration in the channel region of 1.0x10" cm. Also, phos 
phorus ions are implanted as N-type impurities into the 
N-typesource 39s and drain 39d to a concentration of 
5.0x10 cm. In the NchMOS 39, therefore, the N-type 
Source and drain regions, 39S and 39d, have an impurity 
concentration higher than that of the channel region. 

0230. In the region for forming the Pehl DMOS 41 of the 
high voltage CMOS 35, a P-type drain well region 51 is 
formed in an N-type substrate 31. In the P-type drain well 
region 51, an N-type channel well region 53 is subsequently 
formed, a portion of which Serves as a channel region. In 
addition, a P-type source 41s is formed in the N-type well 
region 53. 

0231. Also formed in the P-type well region 51 is a 
medium concentration P-type drain region 54, which is 
spatially separated from the N-type channel well region 53 
having a concentration of P-type impurities Such as, for 
example, boron ions higher than that of the P-type well 
region 51. 

0232 Furthermore, a P-type drain 41d is formed in the 
medium concentration P-type drain region 54 having 
another concentration of P-type impurities Such as, for 
example, boron ions higher than that of the medium con 
centration P-type drain region 54. 

0233 A P-type gate electrode 41g made of polysilicon is 
formed with an underlying gate oxide layer 41Ox interposed 
between the gate electrode 41g and the well region 51. This 
gate electrode 41g is formed, Spatially disposed in interme 
diate between P-type source 41s and P-type drain 41d above 
P-type well region 51, overlying the Spatial portion between 
the N-type channel well region 53 and the medium concen 
tration P-type drain region 54, and being Separated from the 
P-type drain 41d. 

0234. The distance between the P-type gate electrode 41g 
and the P-type drain 41d is 1.0 lum, for example, and the 
thickness of the gate oxide 41Ox is approximately 30 nm. AS 
a result, the surface of the N-type channel well region 53 
under the P-type gate electrode 41g is operative as a channel 
region. 
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0235. The P-type gate electrode 41g is implanted with 
P-type impurities Such as, for example, boron ions to a 
concentration ranging from 2.0x10" to 10x10' cm, 
which is presently implanted with a dose of approximately 
5.0x10 cm 

0236. The P-type source 41s, N-type well region 53, and 
medium concentration P-type drain region 54 are formed in 
the Self-aligned manner with respect to the P-type gate 
electrode 41g. 
0237 Into the N-type channel well region 53, N-type 
impurities Such as, for example, phosphorus ions are 
implanted to a concentration of 5.0x10' cm. Also, boron 
ions are implanted as P-type impurities into the P-type drain 
well region 51 to have a concentration of 1.0x10" cm in 
the region between P-type drain 41d and N-type channel 
well region 53 (drain 51a). 
0238. In the Pehl DMOS 41, therefore, the drain 51a has 
an impurity concentration Smaller than that of the channel 
region. 

0239). In the region for forming of the NchLDMOS 43, 
there formed in the N-type substrate 31 is a P-type isolation 
well region 55 for implementing the electrical isolation of 
the transistor region from the substrate 31. 
0240. In the P-type well region 55, an N-type drain well 
region 57 is subsequently formed. In the N-type drain well 
region 57, a P-type channel well region 59 is formed, a 
portion of which serves as a channel region. In addition, an 
N-type source 43s is formed in the P-type channel well 
region 59. 
0241. Also formed in the N-type drain well region 57 is 
a medium concentration N-type drain region 60, which is 
spatially separated from the P-type channel well region 59 
having a concentration of N-type impurities Such as, for 
example, phosphorus ions higher than that of the N-type 
drain well region 57. 
0242 Furthermore, an N-type drain 43d is formed in the 
medium concentration N-type drain region 60 having a 
concentration of N-type impurities Such as, for example, 
phosphorus ions higher than that of the medium concentra 
tion N-type drain region 60. 
0243 An N-type gate electrode 43g, made of polysilicon, 
is formed with an underlying gate oxide layer 43ox inter 
posed between the gate electrode 43g and the well region 57. 
This gate electrode 43g is formed, Spatially disposed in 
intermediate between N-type source 43s and N-type drain 
43d above N-type well region 57, overlying the spatial 
portion between the P-type well region 59 and the medium 
concentration N-type drain region 60, and being Separated 
from the N-type drain 43d. The distance between the N-type 
gate electrode 43g and the N-type drain 43d is 1.5 tim, for 
example, and the thickness of the gate oxide layer 43Ox is 
approximately 30 nm. 

0244. As a result, the surface of the P-type channel well 
region 59 under the N-type gate electrode 43g is operative 
as a channel region. 
0245. The N-type gate electrode 43g is doped by either 
implanting or Solid phase diffusing the N-type impurities 
Such as, for example, phosphorus ions to a concentration 
typically of 1.0x10 cm. The N-type source 43s, the 
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P-type channel well region 59, and the medium concentra 
tion N-type drain region 60 are formed in the self-aligned 
manner with respect to the N-type gate electrode 43g. 
0246 Into the P-type channel well region 59, P-type 
impurities Such as, for example, boron ions are implanted to 
a concentration of 5.0x10 cm. Also, phosphorus ions are 
implanted as N-type impurities into the N-type drain well 
region 60 to have a concentration of 1.0x10 cm in the 
region between N-type drain 43d and P-type channel well 
region 59 (drain 57a). 
0247. In the NchLDMOS 43, therefore, the drain 57a has 
an impurity concentration Smaller than that of the channel 
region. 
0248 Subsequently, a CVD interlayer 58 is grown by 
CVD method over the entire area of the structure. The next 
Step in the present proceSS is to make openings, using 
conventional masking and etching techniques, for forming 
the electrical contacts. Thereafter, a layer of aluminum 56 as 
a metal wiring is deposited and the desired metallization 
pattern is defined through conventional masking and metal 
etching techniques. 

0249. The metal wiring 56 is then electrically connected 
by way of the contact holes to the P-type sources 37s and 
41s, N-type sources 39S and 43s, P-type drains 37d and 41d, 
and N-type drains 39d and 43d. 
0250 In the present device structure, the gate oxide 
layers 37ox and 39ox, of PehMOS 37 and NchMOS 39, 
respectively, are formed to have a thickness of approxi 
mately 65 nm as indicated earlier, which is larger than the 
approximately 30 nm thickness of the gate oxide layerS 41Ox 
and 49 ox, of Peh LDMOS 41 and NchLDMOS 43. 

0251. In addition, the P-type well region 49 of PehMOS 
39, P-type drain well region 51 of Pehl DMOS 41, and 
P-type isolation well region 55 of NchLDMOS 43, are 
formed simultaneously. Furthermore, the P-type well region 
47 of NchMOS 37, and N-type drain well region 57 of 
NchLDMOS 43 are formed simultaneously. 

0252) In the Pehl DMOS 41 and NchLDMOS 43, the 
medium concentration drain regions, 54 and 60, are formed, 
in the Self-aligned manner, in dose proximity with P-type 
gate electrode 41g and N-type gate electrode 43g, respec 
tively. As a result, drain resistance values can be reduced 
considerably and the Stability of the device characteristics is 
increased of the Semiconductor device disclosed herein. 

0253) In addition, since the and P-type source 41s and 
N-type Source 43s are formed in the Self-aligned manner 
with respect to the P-type gate electrode 41g and N-type gate 
electrode 43g, respectively, Source resistance values can be 
reduced considerably and the Stability of the device charac 
teristics is increased for the present Semiconductor device. 
0254 While the present semiconductor device has been 
described with reference to the PehMOS 37, NchMOS 39, 
PchLDMOS 41, and NchLDMOS 43, formed in the N-type 
Substrate 31, the device structure is not limited to those 
described above, but also applicable to any device incorpo 
rating the LDMOS transistors. 

0255 The semiconductor device disclosed herein above 
in reference to FIG. 4 may be fabricated in a similar manner 
to the process steps of FIGS. 3A through 3L, with the 



US 2006/0027864 A1 

exception that the conductivity type is reversed to respective 
portions of the Semiconductor device. 
0256 Therefore, there is shown referring to FIGS. 5A 
through 5L in a Series of cross-sectional views, a Sequence 
of Some process StepS which may be utilized in fabricating 
the semiconductor device of FIG. 4. 

0257 (1) A layer of photoresist is disposed on an N-type 
substrate 31, the portions of which are removed through 
conventional masking and etching operations, whereby a 
resist pattern (not shown) is formed having the openings 
which define the regions for forming an NchMOS 39 of low 
voltage CMOS 33, and a Pehl DMOS 41 and an NchLD 
MOS 43 of high voltage CMOS region 35. 
0258 Using the resist pattern as a mask, boron ions are 
implanted into the N-type substrate 31 for forming the 
above-mentioned regions, under the conditions of an accel 
eration energy of 50 keV and a dose of approximately 
4.0x10 cm 

0259. After removing the resist pattern, the implanted 
boron ions are subjected to thermal diffusion at 1180 C. for 
24 hoursDwhereby a P-type well regions 49 and 55, a P-type 
drain well region 51 are formed simultaneously (FIG. 5A). 
0260 (2) Another layer of photoresist is disposed on the 
N-type substrate 31, the portions of which are removed 
through conventional masking and etching operations, 
whereby another resist pattern (not shown) is formed having 
the openings which are defined corresponding to the regions 
for forming a PehMOS 37, and an NchLDMOS 43 in the 
P-type isolation well region 55. 
0261) Thereafter, phosphorus ions are implanted under 
the conditions of an acceleration energy of 150 keV and a 
dose of approximately 40x10' cm'. After removing the 
resist pattern, the implanted phosphorus ions are Subjected 
to thermal diffusion at 1150 C. for 8 hoursOwhereby an 
N-type well region 47 in the region for PehMOS 37 and an 
N-type drain well region 57 in the P-type isolation well 
region 55 are formed simultaneously (FIG. 5B). 
0262 (3) A field oxide layer 45 is then formed by the 
LOCOS method on the Substrate 31 to a thickness of 
approximately 800 nm, to thereby implement the isolation of 
the regions for the MOS transistors, 37, 39, 41 and 43 (FIG. 
5C). Impurity regions as channel stoppers may also be 
formed under respective oxide layer 45, when relevant. 
0263 (4) A plurality of pre-gate oxide layers 32 are each 
formed, having a thickness of 40 nm, on the top Surface area 
of the N-type well region 47, P-type well region 49, P-type 
drain well region 51, and N-type drain well region 57. 
0264. Thereafter, a resist pattern 34 is formed having an 
opening corresponding to the region for forming the Peh 
MOS 37. Using the resist pattern 34 as a mask, an ion 
implantation for channel doping is carried out into the 
N-type well region 47 to control its threshold voltage (FIG. 
5D). 
0265 (5) After removing the resist pattern 34, another 
resist pattern 36 is formed having an opening corresponding 
to the region for forming the NchMOS 39. Using the resist 
pattern 6 as a mask, another ion implantation for channel 
doping is carried out into the P-type well region 49 to control 
threshold voltages (FIG. 5E). 
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0266 (6) Following the removal of the resist pattern 36, 
another resist pattern 38 is formed having an opening 
corresponding to the regions for forming the Pehl DMOS 41 
and NchLDMOS 43. Using the resist pattern 38 as a mask, 
the pre-gate oxide layerS 32 are removed by etching with 
hydrofluoric acid solution from the surface regions of both 
P-type drain well region 51 and N-type drain well region 57 
(FIG.5F). 
0267 (7) Following the removal of the resist pattern 38, 
the structure is subjected to thermal oxidation to thereby 
form oxide layers, 41Ox and 43Ox, on the Surface regions of 
P-type drain well 51 and N-type drain well region 57, 
respectively, to a thickness of approximately 30 nm. 
0268 Pre-existed gate oxide layers on the surface regions 
of N-type well 47 and P-type well 49 are also oxidized 
during the oxidation Step to a thickness of approximately 65 
nm, whereby gate oxide layers, 37ox and 39 ox, are formed 
(FIG.5G). 
0269 (8) A polysilicon layer 40 is grown to a thickness 
of 500 nm by CVD method over the entire area of the 
structure. The polysilicon layer 40 is then subjected to 
thermal oxidation, whereby the surface thereof is oxidized at 
850° C. to form a silicon oxide layer (not shown) to a 
thickness of 25 nm (FIG. 5H). 
0270 (9) Thereafter, a resist pattern 42 is formed on the 
polysilicon layer 40 having the openings which are defined 
corresponding to the regions for forming the PehMOS 37 
and PchLDMOS 41. Using the resist pattern 42 as a mask, 
boron ions are implanted into the polysilicon layer 40 under 
the conditions of an acceleration energy of 20 keV and a 
dose ranging from 1x10" to 5x10"cm?, whereby a P-type 
polysilicon layer 40P is formed (FIG. 5). 
0271 (10) After removing the resist pattern 42, a silicon 
oxide layer 44 is formed to a thickness of 200 nm over the 
entire area of the structure. Predetermined portions of the 
Silicon oxide layer 44 are then removed, through etching and 
photolithography techniques, to form openings for the Nch 
MOS 39 and NchLDMOS 43. 

0272. Thereafter, phosphorus is deposited over the thus 
formed structure and subjected to thermal treatment at 900 
C. for approximately 30 min, whereby N-type polysilicon 
layers 40n is firmed (FIG. 5J). 
0273. The N-type polysilicon layers 40n may alterna 
tively be formed by ion implantation. 
0274 (11) After removing the silicon oxide layer 44, the 
polysilicon layers, 40n and 40p, are Subjected to patterning 
Steps to form Simultaneously Several gate electrodes Such as 
a P-type gate electrode 37g for the PchMOS 37, which is 
formed of P-type polysilicon on the gate oxide layer 37ox; 
an N-type gate electrode 39g for the NchMOS 39, which is 
formed of N-type polysilicon on the gate oxide layer 390x; 
a P-type gate electrode 41 g for the Pehl DMOS 41, which is 
formed of P-type polysilicon on the gate oxide layer 41Ox; 
and an N-type gate electrode 43g for the NchLDMOS 43, 
which is formed of N-type polysilicon on the gate oxide 
layer 43x. 

0275 Thereafter, still another resist pattern (not shown) 
is formed having an opening for the region for forming the 
P-type channel well region 59 of the NchLDMOS 43 and 
N-type gate electrode 43g. Using the resist pattern and the 
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gate electrode 43g as a mask, boron ions are implanted into 
the N-type drain well region 57 under the conditions of an 
acceleration energy of 30 keV and a dose of approximately 
3.0x10 cm', whereby an P-type channel well region 59 is 
formed in close proximity with the N-type gate electrode 
43g. 

0276 Subsequently, another resist pattern (not shown) is 
formed having an opening for the region for forming the 
N-type channel well region 53 of the Pehl DMOS 41 and 
P-type gate electrode 41g. Using the resist pattern and the 
gate electrode 41g as a mask, phosphorus ions are implanted 
into the P-type drain well region 51 under the conditions of 
an acceleration energy of 100 keV and a dose of approxi 
mately 2.7x10" cmf, whereby an N-type channel well 
region 53 is formed in close proximity with the P-type gate 
electrode 41g. 

0277. Thereafter, still another resist pattern (not shown) 
is formed having an opening for the region for forming a 
medium concentration N-type drain region 60 of the 
NchLDMOS 43 and N-type gate electrode 43g. Using the 
resist pattern and the gate electrode 43g as a mask, phos 
phorus ions are implanted into the N-type drain well region 
57 under the conditions of an acceleration energy of 100 keV 
and a dose of approximately 5.0x10' cm?, whereby the 
medium concentration N-type drain region 60 is formed in 
close proximity with the N-type gate electrode 43g. 

0278 Another resist pattern (not shown) is then formed 
having openings for a medium concentration P-type drain 
region 54 of PehMOS 41 and P-type gate electrode 41g. 
Using the resist pattern and the gate electrode 41g as a mask, 
boron ions are implanted into the P-type drain well region 51 
under the conditions of an acceleration energy of 30 keV and 
a dose of approximately 5.0x10' cmf, whereby the 
medium concentration P-type drain region 54 is formed in 
close proximity with the P-type gate electrode 41g. 

0279 Subsequently, the thus formed structure is sub 
jected to the steps of thermal diffusion at 1100° C. for 200 
min, whereby the thermal diffusion of implanted ions is 
carried out in the regions of the N-type channel well region 
53, medium concentration P-type drain region 54, P-type 
channel well region 59, and medium concentration N-type 
drain region 60 (FIG. 5K). 
0280 (12) Thereafter, another resist pattern (not shown) 
is formed having openings for Several regions Such as the 
P-type well region 49 of the NchMOS 39, a region which 
situated on the P-type channel well region 59 in the NchLD 
MOS 43 and in close proximity with the N-type gate 
electrode 43g, and the medium concentration N-type drain 
region 60. 

0281. During the formation of this resist pattern, in 
addition, the opening for the above mentioned region in 
close proximity with the N-type gate electrode 43g is formed 
having an overlap with the N-type drain region 60 with a 1.5 
tim width from the gate electrode 43g. 

0282. Using the resist pattern as a mask, either phospho 
ruS or arsenic ions are implanted Simultaneously into the 
P-type well region 49, P-type channel well region 59, and 
medium concentration N-type drain region 60, under the 
conditions of an acceleration energy of 50 keV and a dose 
of approximately 6.0x10" cm. 
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0283. After removing the resist pattern, another resist 
pattern (not shown) is formed having openings for several 
regions such as the N-type well region 47 of the PChMOS 
37, a region which situated on the N-type channel well 
region 53 in the Peh LDMOS 41 and in close proximity with 
the P-type gate electrode 41g, and the medium concentration 
P-type drain region 54. 

0284. During the formation of this resist pattern, in 
addition, the opening for the above mentioned region in 
close proximity with the P-type gate electrode 41g is formed 
having an overlap with the P-type drain region 54 with a 1.0 
tim width from the gate electrode 41g, Such that this distance 
can be achieved between the gate electrode 41g and P-type 
drain 41d. 

0285) Using the resist pattern as a mask, boron ions are 
implanted simultaneously into the P-type well region 49, 
N-type channel well region 53, and medium concentration 
P-type drain region 54, under the conditions of an accelera 
tion energy of 30 keV and a dose of approximately 2.0x10 
1. cm 

0286. After removing the resist pattern, the thus formed 
structure is subjected to the steps of thermal diffusion of 
implanted ions, whereby there formed are the N-type Source 
37s and drain 37d in N-type well region 47 of the PehMOS 
37, and the N-type source 39s and drain 39d in P-type well 
region 49 of the NchMOS 39; the P-type source 41s in 
N-type channel well region 53, and the P-type drain 41d in 
medium concentration P-type drain region 54, of the 
PchLDMOS 41; and the N-type source 43s in P-type chan 
nel well region 59, and the N-type drain 43d in medium 
concentration N-type drain region 60, of the NchLDMOS 
43. 

0287. In order to reduce the electric field strength in the 
vicinity of the gates, the P-type drain 41d is formed with a 
distance of 1.0 um from the P-type gate electrode 41 g in the 
PchLDMOS 41, as indicated earlier. Similarly, the N-type 
drain 43d is formed with a distance of 1.5 um from the gate 
electrode 43g in the NchLDMOS 43 (FIG. 5L). 
0288 An interlayer CVD layer 58 is subsequently grown. 
The next step is to make contact holes in the interlayer CVD 
layer 58 for the regions of P-type sources 37s and 41s, 
N-type sources 39S and 43s, P-type drains 37d and 41d, and 
N-type drains 39d and 43d. Thereafter, metal wirings 56 are 
defined through the contact holes and on the interlayer CVD 
layer 58 (FIG. 4). 
0289 While the present semiconductor device has been 
described with reference to FIG. 4 with the low voltage 
CMOS region33 and high voltage CMOS region 55, formed 
in the P-type substrate 31, these regions may be formed 
alternatively in a single P-type well region. 

0290 The semiconductor devices disclosed herein may 
Suitably be incorporated into Several circuits Such as, for 
example, a voltage stabilizer and a DC/DC converter, which 
will be detailed herein below. 

0291 FIG. 6 is an electrical schematic diagram illustrat 
ing a voltage Stabilizer incorporating the LDMOS transistor 
disclosed herein. 

0292 Referring to FIG. 6, the voltage stabilizer includes 
at least a PchLDMOS 65 as an output transistor, provided 
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between an input terminal V in 61 to be connected to a 
power source, and an output terminal V out 63 to be 
connected to a load. 

0293 A differential amplifier circuit 67 is additionally 
included. The output terminal of the differential amplifier 
circuit 67 is connected to a gate electrode of the PChIDMOS 
65, while the inverting input terminal thereof is connected to 
a voltage reference circuit V ref 69. 
0294 Therefore, to the inverting input terminal of the 
differential amplifier circuit 67, a reference Voltage is input 
from the voltage reference circuit V ref 69, and the voltage, 
which is output from the PchLDMOS 65 and then divided by 
dividing resistors R1 and R2, is input to the non-inverting 
input terminal. 
0295) The source power for the differential amplifier 
circuit 67 and voltage reference circuit V ref 69 is supplied 
from the input terminal V in 61. The differential amplifier 
circuit 67, voltage reference circuit V ref 69 and dividing 
resistor R2 are grounded. There used as the PchLDMOS 65 
in the present embodiment is the LDMOS disclosed herein. 
The withstand Voltage of the gate oxide layer included in the 
PchLDMOS 65 is typically 30 V. 
0296. When an input voltage from the terminal 61 is 
decreased in the present circuit, the resultant Voltage is 
output in proportion with the division by the divider. In such 
a case, a constant Voltage output is obtained by changing the 
on resistance of the PchLDMOS 65 depending on the 
current Supplied to the external load. 
0297. This can be achieved by comparing the reference 
voltage from the voltage reference circuit V ref with a 
feedback voltage from the dividing resistors, R1 and R2, by 
means of the differential amplifier circuit 67. 
0298 FIG. 7 is an electrical schematic diagram illustrat 
ing an inverting type charge pump DC/DC converter incor 
porating LDMOS transistors disclosed herein. 
0299 Referring to FIG. 7, the DC/DC inverter includes 
at least an input terminal V in 71, an inverting output 
terminal V out 73, a ground terminal GND 75, a charge 
capacity positive terminal CP+77, and a charge capacity 
negative terminal CP-79. A capacitor (not shown) as an 
external component is further included between the charge 
capacity positive terminal CP+77 and the charge capacity 
negative terminal CP-79. 
0300 Additionally provided between input terminal V in 
71 and ground terminal GND 75 in order are a Pehl DMOS 
81 and an NchMOS 83. The charge capacity positive ter 
minal CP-77 is connected between PchLDMOS 81 and 
NchMOS 83. The junction between NchMOS 83 and ground 
terminal GND 75 is connected to the ground potential 85. 

0301 In addition, NchMOS transistors 87 and 89 are 
provided in order between ground potential 85 and output 
terminal V out 73. The charge capacity negative terminal 
CP-79 is connected between Nich MOS transistors 87 and 
89. 

0302) An oscillator OSC 93 is also provided to transmit 
a voltage of either positive or negative after comparing with 
the reference Voltage output from a Voltage reference circuit 
V ref 91. An output terminal of the oscillator OSC 93 is 
connected to respective gate electrodes of NchMOS tran 
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sistors 83 and 89 directly, to the gate electrode of NchMOS 
87 by way of an inverter 95, and to the gate electrode of 
PchLDMOS 81 by way of inverters 95 and 97. 
0303. This inverting type charge pump DC/DC converter 
operates So as to exert the Switching operations of the four 
transistors 81, 83, 87 and 89, by applying voltages from the 
oscillator 323 to respective gate electrodes of these transis 
tors, to generate the current by charging and discharging the 
capacitor connected between the charge capacity positive 
terminal CP+77 and the charge capacity negative terminal 
CP-79, and to output to the output terminal 73 the voltage 
generated by inverting the Voltage input from the input 
terminal 71. 

0304. Upon transmitting a positive voltage from the 
oscillator OSC 93, the transistors Pehl DMOS 81 and Nch 
MOS 87 are turned on, while two other NchMOS transistors 
83 and 89 are turned off. During this period, the charge is 
accumulated in the capacitor connected between the charge 
capacity positive terminal CP+77 and the charge capacity 
negative terminal CP-79. 
0305. In contrast, on transmitting a negative voltage from 
the oscillator OSC 93, the transistors Peh LDMOS 81 and 
NchMOS 87 are turned off, while other NchMOS transistors 
83 and 89 are turned on. The capacitor then dissipates the 
charge previously accumulated. Since the potential of the 
output terminal V out 73 is kept lower than the ground 
terminal 75, the voltage is now obtained, which is inverted 
from that induced by the previous charge, and then output to 
the output terminal 73. By repeating the above Steps, there 
fore, the current flow can be maintained with the Voltage 
inverted from the Voltage input. 
0306 FIG. 14 is a diagrammatic cross-sectional view 
illustrating an NPN bipolar transistor according to one 
embodiment disclosed herein. 

0307 Referring to FIG. 14, the NPN bipolar transistor 
includes at least a field oxide layer 202 formed on a P-type 
Semiconductor Substrate (P-type Substrate) for implementing 
electrical isolation; a collector (N well) 203, made of an 
N-type diffusion layer formed in the region for forming the 
bipolar transistor in the P-type substrate; and a base (Pbody) 
205, made of a P-type diffusion layer, formed in the collector 
2O3. 

0308. In addition, there formed spatially separated each 
other in the base 205 are an emitter (N") 207, made of an 
N-type diffusion layer, and a high concentration ohmic 
diffusion layer (P) for connecting the base 209 made of a 
P-type diffusion layer. The distance between the emitter (N) 
207 and high concentration ohmic diffusion layer (P") 209 
for the base is typically 1.5 um or greater. 
0309. In the collector (N well) 203, a high concentration 
N-type ohmic diffusion layer (N) 211 for connecting the 
collector is formed spatially separated from the base 205, 
doped with N-type impurities having a concentration higher 
than the collector 203. 

0310. A gate electrode 215, made of conductive silicon 
layer, is formed with an underlying gate oxide layer 213 
interposed between the gate electrode 215 and the well 
region 203. 
0311. This gate electrode 215 is formed, spatially dis 
posed intermediate between emitter 207 and high concen 
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tration N-type ohmic diffusion layer (N) for collector 211, 
overlying the spatial portion between the collector 203 and 
base 205, in close proximity to the emitter 207 and spatially 
Separated from the high concentration N-type ohmic diffu 
sion layer (N) 211. 
0312 The distance between gate electrode 215 and high 
concentration N-type ohmic diffusion layer (N) 211 is 
typically 1.5 um or greater. The base 205 and emitter 207 are 
both formed in the self-aligned manner with respect to the 
gate electrode 215. 
0313 The emitter 207 is electrically connected to the 
ground potential 219 by way of an emitter wiring 217. The 
high concentration N-type ohmic diffusion layer 211 for 
collector is connected to a Source potential 223 by way of a 
collector wiring 221. 
0314. There connected to the high concentration ohmic 
diffusion layer for the base 209 and to the gate electrode 215 
are a base wiring 225 and a gate wiring 227, respectively. In 
addition, the base wiring 225 and a gate wiring 227 are 
connected each other, to further be connected together to an 
input terminal 229. 
0315 Referring to FIGS. 15A through 15F, there is 
shown, in a Series of cross-sectional views, a Sequence of 
Some proceSS Steps which may be utilized in fabricating the 
NPN bipolar transistor of FIG. 14. 
0316 (1) A layer of photoresist is disposed on a P-type 
Substrate 201, the portion of which is removed through 
conventional photolithographic operations, whereby a resist 
pattern is formed having an opening which defines the 
region for forming the collector 203. 
0317 Using the resist pattern as a mask, phosphorus ions 
are implanted into the P-type substrate 201 under the con 
ditions of an acceleration energy of 150 keV and a dose of 
approximately 4.0x10' cmf. After removing the resist 
pattern, the implanted phosphorus ions are Subjected to 
thermal diffusion at 1180 C. for 8 hours whereby the 
collector (N well) 203 is formed (FIG. 15A). 
0318 (2) A field oxide layer 202 is then formed by the 
LOCOS method on the P-type substrate 201 to a thickness 
of approximately 800 nm (FIG.15B), to thereby implement 
the isolation of the region for forming the bipolar transistor 
from other regions (not shown). 
0319 (3) A gate oxide layer 213 is formed on the entire 
Surface of the Structure to a thickness of 30 nm. A polysilicon 
layer is Subsequently grown thereon by the method Such as, 
for example, CVD to a thickness of 350 nm. 
0320 Thereafter, an oversaturated amount of phosphorus 
ions are diffused into the polysilicon layer by the vapor 
diffusion method, for example. The thus prepared polysili 
con layer is then Subjected to conventional masking and 
etching operations, whereby a gate electrode 215 is formed 
(FIG. 15C). 
0321 (4) A resist pattern is formed on the P-type sub 
Strate 201, having an opening over the gate electrode 215 
and extending to the Surface portion of the collector region 
in proximity to one of the Sides thereof. Using this resist 
pattern and the gate electrode 215 as a mask, boron ions are 
implanted into the P-type substrate 201 under the conditions 
of an acceleration energy of 30 keV and a dose of approxi 
mately 2.5x10 cm 
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0322. After removing the resist pattern the implanted 
boron ions are subjected to thermal diffusion at 1100 C. for 
approximately 3 hours whereby the base (P body) 205 is 
formed in the Self-aligned manner with respect to the gate 
electrode 215 (FIG. 15D). 
0323 (5) Thereafter, another resist pattern is formed 
having an opening overlying Several portions Such as the 
gate electrode 215, its vicinity on one Side thereof, and the 
collector region on the other Side thereof. For forming this 
resist pattern, the opening for the above mentioned portion 
on the other Side of the gate electrode 215 is made having an 
opening width of 1.5 um or greater, for example, from the 
gate electrode. 
0324. Using this resist pattern as a mask, ions of either 
phosphorus or arsenic are implanted Simultaneously into the 
regions for forming a collector and a base under the condi 
tions of an acceleration energy of 50 keV and a dose of 
approximately 6.0x10" cm. 
0325 After removing the resist pattern, the implanted 
ions are subjected to thermal diffusion at 920 C. for 
approximately one hourDwhereby the emitter (N+) 207 is 
formed in close proximity to the gate electrode 215, and the 
high concentration N-type ohmic diffusion layer (N+) for 
collector 211 is formed Spatially Separated from the gate 
electrode 215 with a distance of 1.5 um or greater, for 
example (FIG. 15E). 
0326 (6) Another resist pattern is formed having an 
opening overlying the portion on the base 205 Spatially 
separated from emitter 207 with a distance of 1.5 um or 
greater, for example. Using the resist pattern as a mask, 
boron ions are implanted into the region for forming a high 
concentration ohmic diffusion layer for base under the 
conditions of an acceleration energy of 30 keV and a dose 
of approximately 2.0x10" cm’. 
0327. After removing the resist pattern, the implanted 
ions are subjected to thermal diffusion at 920 C. for 
approximately one hour whereby the high concentration 
ohmic diffusion layer (P+) for base 209 is formed in the base 
205 (FIG. 15F). 
0328 Referring again to FIG. 14, succeeding process 
Steps begin with forming a dielectric interlayer (not shown) 
on the thus formed Structure. 

0329. The next step is to make contact holes (not shown) 
in the interlayer corresponding to respective regions of the 
emitter 207, high concentration ohmic diffusion layer for 
base 209, and high concentration N-type ohmic diffusion 
layer for collector 211. These contact holes are replenished 
with conducting materials. Appropriate wirings, 217, 221, 
225 and 227, are then formed on the interlayer. 
0330. Subsequently electrically connected are the emitter 
207 to the ground potential 219 by way of an emitter wiring 
217, the high concentration N-type ohmic diffusion layer for 
collector 211 to source potential 223 by way of a collector 
wiring 221, and the high concentration ohmic diffusion layer 
for base 209 and the gate electrode 215 to the input terminal 
229 by way of a base wiring 225 and a gate wiring 227, 
respectively. 

0331 By the method described herein above, the NPN 
bipolar transistor of FIG. 14 can Suitably be fabricated. In 
addition, the base 205 and emitter 207 are formed in the 
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Self-aligned manner with respect to the gate electrode 215, 
this facilitates to determine appropriately the current ampli 
fication factor of the present transistor with the lateral 
bipolar transistor Structure, and also to determine the width 
of the base as Small as predetermined, through which most 
of the current flow exists. 

0332 Furthermore, by forming the base 205 and emitter 
207 again in the Self-aligned manner with respect to the gate 
electrode 215, as mentioned above, the dispersion in align 
ment of the base width during photolithographic proceSS 
StepS can be made Small enough to be disregarded. AS a 
result, the NPN bipolar transistor with high-efficiency can be 
formed with a reduced ship area. 
0333 When the NPN bipolar transistor according to the 
present embodiment of FIG. 14 is turned off, a gate voltage 
at the gate 215, a base voltage at the base 205, and an emitter 
voltage at the emitter 207 becomes equal with each other, 
i.e., the ground potential. 

0334. In the off-state of the transistor in a similar manner 
to that of DMOS (double-diffused metal-oxide transistor), a 
positive collector Voltage (Source Voltage) is applied to the 
collector 203 (corresponding to the drain of the DMOS) by 
way of collector wiring 221 and high concentration N-type 
ohmic diffusion layer for collector 211. 
0335). As a result, a depleted region is created at an 
interface between the collector 203 and base 205 (corre 
sponding to the channel of DMOS), or in the interface region 
on the both sides of the collector 203 and the base 205, 
whereby high withstand Voltages can be maintained. 
0336 FIG. 16 is prepared to illustrate withstand voltage 
characteristics of the NPN bipolar transistor at off-state, 
which plots the collector current (A), Vertically, versus the 
voltage between collector and emitter (V), horizontally, for 
the transistor. 

0337 As shown in FIG. 16, the collector current is as 
small as several hundreds of pain the range between 0 to 30 
V, which is indicative of being similar in the withstand 
voltage characteristics to those of the LDMOS transistor in 
off-state. 

0338. In contrast, when the NPN bipolar transistor is 
turned on, a Source Voltage is applied to the base 205 by way 
of the base wiring 225 and high concentration ohmic diffu 
Sion layer for base 209, and the Source Voltage is applied also 
to the gate 215 by way of the gate wiring 227. 
0339 Although both source and channel are at the same 
potential in the DMOS, the potential difference between the 
base 205 and the emitter 207 in the NPN bipolar transistor 
becomes forward-biased, Since the base and the emitter 
thereof correspond to the channel and the Source of the 
DMOS, respectively. 
0340 This results in the application of a positive poten 

tial to the base 205. As a result, a high voltage does not 
appear at the gate electrode 215 of the NPN transistor, which 
will be detailed herein below with reference to FIG. 22. 

0341 FIG. 17 is prepared to illustrate transistor charac 
teristic curves for the NPN bipolar transistor at on-state, 
including (1) the bottom-half group of the curves which 
show the I-V characteristics with the collector current I, 
Vertically, referring to the left-hand Scale in mA, Versus the 
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Voltage V between collector and emitter, horizontally, 
referring to the bottom Scale in V, and (2) the top-half group 
of the curves which Show the V-V characteristics with 
the gate voltage V, Vertically, referring to the right-hand 
Scale in V, Versus the Voltage V between collector and 
emitter, horizontally. 

0342. As shown in FIG. 22, the gate voltage V, which 
is at the same potential as the base 205, is maintained at a 
voltage ranging approximately from 0.8 to 0.9 V, without 
applying a high Voltage at the gate 215. As a result, the 
breakdown of the gate oxide layer 213 can be prevented, 
whereby the operation characteristics of the bipolar transis 
tor are Stabilized. 

0343 By enabling the current limiting feature with the 
power Source for Supplying to the base 205 and gate elec 
trode 215 in the bipolar transistor disclosed herein, the 
Source and ground potentials are effectively utilized. 
0344). As a result, it becomes unnecessary to incorporate 
an additional device for lowering the Source Voltage Such as, 
for example, an integrated Stepdown circuit, which has been 
necessary for previous devices. This feature of the present 
transistor, therefore, can be Suitably utilized to be included 
in a DC/DC converter without causing undue decrease in 
efficiency. 

0345. In the bipolar transistor disclosed herein, the gate 
electrode 215 is provided unlike previous bipolar transistors. 
By applying a positive potential to this gate electrode, the 
channel can be generated with more ease. Furthermore, by 
forming the emitter 207 and the high concentration ohmic 
diffusion layer for base 209 spatially separated one another 
in the transistor, a junction leak between emitter and base 
can be decreased. 

0346) With the above features of the present bipolar 
transistor, another effect can be noted over previous bipolar 
transistors, in that the current amplification factor is 
improved especially in the low current range. 
0347 FIG. 18 illustrates the current amplification factor 
linearity characteristics of the bipolar transistor disclosed 
herein, which plots the current amplification factor h, 
vertically, versus the collector current I (A), horizontally, 
for the transistor, wherein the factor he is obtained by the 
relation, (collector current I (A))/(base current I(A)). 
0348 AS shown in FIG. 23, the factor he has been found 
larger than previously known bipolar transistors in the range 
of Small collector current values. As a result, by using the 
bipolar transistors disclosed herein as an output driver of a 
Voltage Stabilizer, the power consumption in the low output 
power range can be reduced compared with that of Similar 
circuits using previous bipolar transistors. 
0349. It may be added in this context, in the range of large 
collector currents I, the current amplification factor linear 
ity characteristics for the NPN bipolar transistor have been 
obtained comparable with those of previously bipolar tran 
Sistors. 

0350 FIG. 19 is a diagrammatic cross-sectional view 
illustrating a PNP bipolar transistor according to another 
embodiment disclosed herein. 

0351 Referring to FIG. 19, the PNP bipolar transistor 
includes at least a field oxide layer 232 formed on an N-type 
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Semiconductor Substrate (N-type Substrate) for implement 
ing electrical isolation; a collector (P well) 233, made of an 
P-type diffusion layer, formed in the region for forming the 
bipolar transistor in the N-type substrate; and a base (N 
body) 235, made of an N-type diffusion layer, formed in the 
collector 233. 

0352. In addition, there formed spatially separated each 
other in the base 235 are an emitter (P") 237, made of a 
P-type diffusion layer, and a high concentration ohmic 
diffusion layer (N) for connecting the base 239 made of an 
N-type diffusion layer. The distance between the emitter (P") 
237 and high concentration ohmic diffusion layer (N) 239 
for the base is typically 1.5 um or greater. 
0353. In the collector (P well) 233, a high concentration 
P-type ohmic diffusion layer (P") 241 for connecting the 
collector is formed spatially separated from the base 235, 
doped with P-type impurities having a concentration higher 
than the collector 233. 

0354) A gate electrode 245, made of conductive silicon 
layer, is formed with an underlying gate oxide layer 243 
interposed between the gate electrode 245 and the well 
region 233. 
0355 The gate electrode 245 is formed, spatially dis 
posed intermediate between emitter 237 and high concen 
tration P-type ohmic diffusion layer (P) for collector 241, 
overlying the spatial portion between the collector 233 and 
base 235, in close proximity to the emitter 237 and spatially 
Separated from the high concentration P-type ohmic diffu 
sion layer (P) 241. 
0356. The distance between gate electrode 245 and high 
concentration P-type ohmic diffusion layer (P) 241 is 
typically 1.5 um or greater. The base 235 and emitter 237 are 
both formed in the self-aligned manner with respect to the 
gate electrode 245. 
0357 The emitter 237 is electrically connected to the 
Source potential 223 by way of an emitter wiring 247. The 
high concentration P-type ohmic diffusion layer 241 for 
collector is connected to the ground potential 219 by way of 
a collector wiring 251. 
0358. There connected to the high concentration ohmic 
diffusion layer for the base 239 and to the gate electrode 245 
are a base wiring 255 and a gate wiring 257, respectively. In 
addition, the base wiring 255 and a gate wiring 257 are 
connected each other, to further be connected together to an 
input terminal 229. 
0359 The PNP bipolar transistor disclosed herein may be 
fabricated in a Similar manner to the process StepS described 
earlier referring to FIGS. 15A through 15F, with the 
exception that the conductivity type is reversed to respective 
portions of the bipolar transistor. 
0360 Thus, the present method in which the conductivity 
type is reversed to respective portions of the bipolar tran 
sistor with respect to the process steps, the PNP bipolar 
transistor of FIG. 19 can also be fabricated Suitably. In 
addition, the base 235 and emitter 237 are formed in the 
Self-aligned manner with respect to the gate electrode 245, 
this facilitates to effectively determine the width of the base 
as Small as predetermined. 
0361 Furthermore, by forming the base 235 and emitter 
237 again in the Self-aligned manner with respect to the gate 

2O 
Feb. 9, 2006 

electrode 245, as mentioned above, the dispersion in align 
ment of the base width during photolithographic process 
StepS can be made Small enough to be disregarded. AS a 
result, the PNP bipolar transistor can be formed with high 
efficiency and a reduced chip area. 

0362. When the PNP bipolar transistor according to the 
present embodiment of FIG. 19 is turned off, a gate voltage 
at the gate 245, a base voltage at the base 235, and an emitter 
voltage at the emitter 237 becomes equal with each other, 
i.e., the Source potential. In the off-State of the transistor, a 
positive base voltage (Source voltage) is applied to the base 
235 by way of base wiring 255 and high concentration 
ohmic diffusion layer for base 239. 

0363 As a result, a depleted region is created at an 
interface between the collector 233 and base 235, or in the 
interface region on the both sides of the collector 233 and the 
base 235, whereby high withstand voltages can be main 
tained. 

0364. In contrast, when the PNP bipolar transistor is 
turned on, the potential of the base 235 becomes lower than 
the source potential by way of the base wiring 255 and high 
concentration ohmic diffusion layer for base 239, and the 
potential of the gate electrode 245 becomes equal to that of 
the base 235 by way of the gate wiring 257. 

0365 Since the potential of the base 235 is lower than the 
Source potential applied to the emitter 237, the potential 
difference between the emitter 237 and the base 235 
becomes forward-biased. As a result, a high Voltage does not 
appear at the gate electrode 245 of the transistor and the 
breakdown of the gate oxide layer 243 can be prevented, 
whereby the operation characteristics of the bipolar transis 
tor are Stabilized. 

0366 By enabling the current limiting feature with the 
power Source for Supplying to the base 239 and gate elec 
trode 245 in the bipolar transistor disclosed herein, the 
Source and ground potentials are effectively utilized. AS a 
result, it becomes unnecessary to incorporate an additional 
device for lowering the Source Voltage Such as, for example, 
an integrated Stepdown circuit, which has been necessary for 
previous devices. This feature of the present transistor, 
therefore, can be suitably utilized to be included in a DC/DC 
converter without causing undue decrease in efficiency. 

0367. In addition, the gate electrode 245 is provided in 
the bipolar transistor disclosed herein, unlike previous bipo 
lar transistors. By bringing the gate electrode 245 to the 
ground potential, which is lower than emitter 237, the 
channel can be generated with more ease. Furthermore, by 
forming the emitter 237 and the high concentration ohmic 
diffusion layer for base 239 spatially separated one another 
in the transistor, a junction leak between emitter and base 
can be decreased. 

0368. With the above features of the present bipolar 
transistor, another effect may be noted over previous bipolar 
transistors, in that the current amplification factor is 
improved especially in its low current range. 

0369 FIG. 20 is a diagrammatic cross-sectional view 
illustrating an NPN bipolar transistor according to still 
another embodiment disclosed herein. In the description 
which follows, the components operating in a similar man 
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ner to those in FIG. 14 are shown with identical numerical 
representation and descriptions thereof are herein abbrevi 
ated. 

0370 Referring to FIG. 20, the NPN bipolar transistor 
includes at least a field oxide layer 202 formed on a P-type 
substrate 201; a collector (N well) 203, made of an N-type 
diffusion layer, formed in the region for forming therein the 
bipolar transistor in the P-type substrate; a base (P body) 
205, made of a P-type diffusion layer, formed in the collector 
203; an emitter (N) 207 made of an N-type diffusion layer; 
a high concentration ohmic diffusion layer (P") for base 209 
made of a P-type diffusion layer; a high concentration 
N-type ohmic diffusion layer (N) for the collector 211 made 
of an N-type diffusion layer; a gate oxide layer 213; and a 
gate electrode 215. 

0371) The above structure for the PNP bipolar transistor 
is therefore similar to that of the transistor of FIG. 14. 

0372 The high concentration ohmic diffusion layer for 
collector 211 is electrically connected to a Source potential 
223 by way of a collector wiring 221. The high concentra 
tion ohmic diffusion layer for base 209 is connected to an 
input terminal 229 by way of a base wiring 261. 

0373 There connected are an emitter wiring 265 to the 
emitter 207, and a gate wiring 267 to the gate electrode 215. 
In addition, the emitter wiring 265 and the gate wiring 267 
are connected one another, to further be connected together 
to the ground potential 219. 

0374. The NPN bipolar transistor disclosed herein may 
be fabricated in a Similar manner to the proceSS Steps 
described earlier referring to FIGS. 15A through 15F, with 
Succeeding Steps which follows herein below. 
0375 Referring again to FIG. 20, the succeeding process 
Steps begin with forming a dielectric interlayer (not shown) 
on the thus formed Structure. The next Step is to make 
contact holes (not shown) in the interlayer corresponding to 
respective regions of the emitter 207, high concentration 
ohmic diffusion layer for base 209, and high concentration 
ohmic diffusion layer for collector 211. These contact holes 
are replenished with conducting materials. Appropriate wir 
ings, 221, 261, 265 and 267, are then formed on the 
interlayer. 

0376 Subsequently connected are the high concentration 
ohmic diffusion layer for collector 211 to source potential 
223 by way of a collector wiring 221, the high concentration 
ohmic diffusion layer 209 to the input terminal 229 by way 
of a base wiring 261, the emitter 207 and the gate electrode 
215 by way of an emitter wiring 265 and a gate electrode 
wiring 267, respectively, to the ground potential 219. 

0377 By the method described herein above, the NPN 
bipolar transistor of FIG. 20 can be suitably fabricated. 

0378 When the NPN bipolar transistor according to the 
present embodiment of FIG. 20 is turned off, a gate voltage 
at the gate 215, a base voltage at the base 205, and an emitter 
voltage at the emitter 207 becomes equal with each other, 
i.e., the ground potential. 

0379 The withstand voltage characteristics of the tran 
sistor in off-state are therefore similar to those described 
earlier with reference to FIG. 16. That is, a source voltage 
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is applied to the collector 203 by way of collector wiring 221 
and high concentration ohmic diffusion layer for collector 
211. 

0380. As a result, a depleted region is created at an 
interface between the collector 203 and base 205, or in the 
interface region on the both sides of the collector 203 and the 
base 205, whereby high withstand voltages can be main 
tained. 

0381. In contrast, when the NPN bipolar transistor is 
turned on, a Source Voltage is applied as an input Voltage to 
the base 205 by way of the base wiring 261 and high 
concentration ohmic diffusion layer for base 209. With the 
positive voltage thus applied to the base 205, the potential 
difference between the emitter 207 and the base 205 
becomes forward-biased. 

0382 As a result, a high voltage does not appear at the 
gate electrode 215 of the NPN transistor, which will be 
detailed herein below with reference to FIG. 21. 

0383 FIG. 21 is prepared to illustrate transistor charac 
teristic curves for the NPN bipolar transistor at on-state in a 
similar manner to FIG. 17, including (1) the bottom-half 
group of the curves which show the I-V characteristics, 
with the collector current I, Vertically, versus the Voltage 
V between collector and emitter, horizontally, and (2) the 
top-half group of the curves which show the V-V. 
characteristics, with the gate Voltage V, Vertically, Versus 
the Voltage V between collector and emitter, horizontally. 
0384 As shown in FIG. 21, the gate voltage V, which 
is at the same potential as the emitter 207, is maintained at 
a Voltage ranging approximately from 0.8 to 0.9 V, without 
applying a high Voltage at the gate 215. As a result, the 
breakdown of the gate oxide layer 213 can be prevented, 
whereby the operation characteristics of the bipolar transis 
tor are Stabilized. 

0385 By enabling the current limiting feature with the 
power source for supplying to the base 205 in the bipolar 
transistor disclosed herein, the Source and ground potentials 
are effectively utilized. As a result, it becomes unnecessary 
to incorporate an additional device for lowering the Source 
Voltage Such as, for example, an integrated Stepdown circuit, 
which has been necessary for previous devices. This feature 
of the present transistor, therefore, can be Suitably utilized to 
be included in a DC/DC converter without causing undue 
decrease in efficiency. 
0386 FIG. 22 illustrates the current amplification factor 
linearity characteristics of the bipolar transistor disclosed 
herein, which plots the current amplification factor h, 
vertically, versus the collector current I(A), horizontally, 
for the transistor. 

0387 By forming the emitter 207 and the high concen 
tration ohmic diffusion layer for base 209 spatially separated 
one another in the transistor, a junction leak between emitter 
and base can be decreased. 

0388. As shown in FIG. 22, in spite of the base width 
thereof Smaller than previous lateral bipolar transistors, the 
current amplification factor linearity characteristics are 
found comparable to those of the previous bipolar transis 
tors, and the factor he is obtained to reach approximately 
100 for the transistors according to the embodiment dis 
closed herein. 
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0389 FIG. 23 is a diagrammatic cross-sectional view 
illustrating a PNP bipolar transistor according to another 
embodiment disclosed herein. In the description which 
follows, the components operating in a similar manner to 
those in FIG. 19 are shown with identical numerical repre 
Sentation and descriptions thereof are herein abbreviated. 
0390 Referring to FIG. 23, the PNP bipolar transistor 
includes at least a field oxide layer 232 formed on an N-type 
substrate 231; a collector (Pwell) 233, made of a P-type 
diffusion layer, formed in the region for forming the bipolar 
transistor in the N-type substrate 231; a base (Nbody) 235 
made of an N-type diffusion layer; an emitter (P") 237 made 
of a P-type diffusion layer; a high concentration ohmic 
diffusion layer (N) for base 239 made of an N-type diffu 
Sion layer; a high concentration ohmic diffusion layer (P) 
for the collector 241 made of a P-type diffusion layer; a gate 
oxide layer 243; and a gate electrode 245. 
0391 This structure of the PNP bipolar transistor is 
therefore similar to that of the transistor of FIG. 19. 

0392 The high concentration ohmic diffusion layer for 
collector 241 is electrically connected to the ground poten 
tial 219 by way of a collector wiring 251. The high con 
centration ohmic diffusion layer for base 239 is connected to 
an input terminal 229 by way of a base wiring 271. 
0393) There connected are an emitter wiring 275 to the 
emitter 207, and a gate wiring 277 to the gate electrode 245. 
In addition, the emitter wiring 275 and the gate wiring 277 
are connected one another, to further be connected together 
to a Source potential 223. 
0394 The PNP bipolar transistor disclosed herein may be 
fabricated in a Similar manner to the process StepS described 
earlier referring to FIGS. 15A through 15F, with the 
exception that the conductivity type is reversed to respective 
portions of the bipolar transistor, and that additional Steps 
are further included. 

0395 Referring again to FIG. 23, the succeeding process 
Steps begin with forming a dielectric interlayer (not shown) 
on the thus formed Structure. The next Step is to provide 
contact holes (not shown) in the interlayer corresponding to 
respective regions of the emitter 237, high concentration 
ohmic diffusion layer for base 239, and high concentration 
ohmic diffusion layer for collector 241. These contact holes 
are replenished with conducting materials. Appropriate wir 
ings, 251, 271, 275 and 277, are then formed on the 
interlayer. 
0396 Subsequently connected are the high concentration 
ohmic diffusion layer for collector 241 to the ground poten 
tial 219 by way of a collector wiring 251, the high concen 
tration ohmic diffusion layer for base 239 to the input 
terminal 229 by way of a base wiring 271, the emitter 237 
and the gate electrode 245 by way of the emitter wiring 275 
and the gate electrode wiring 277, respectively, to the Source 
potential 223. 

0397 By the method described herein above, the PNP 
bipolar transistor of FIG. 23 can be suitably fabricated. 
0398. When the PNP bipolar transistor according to the 
present embodiment of FIG. 23 is turned off, a gate voltage 
at the gate 245, a base voltage at the base 235, and an emitter 
voltage at the emitter 237 becomes equal with each other, 
i.e., the Source potential. That is, a positive base Voltage 
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(source potential) is applied to the base 235 by way of base 
wiring 271 and high concentration ohmic diffusion layer for 
base 239. 

0399. As a result, a depleted region is created at an 
interface between the collector 233 and base 235, or in the 
interface region on the both sides of the collector 233 and the 
base 235, whereby high withstand voltages can be main 
tained. 

0400. In contrast, when the PNP bipolar transistor is 
turned on, the potential of the base 235 becomes lower than 
the source potential by way of the base wiring 275 and high 
concentration ohmic diffusion layer for base 235. 
0401 Since the potential of the base 235 is lower than the 
Source potential applied to the emitter 237, the potential 
difference between the emitter 237 and the base 235 
becomes forward-biased. 

0402. As a result, a high voltage does not appear at the 
gate electrode 245 of the PNP transistor, and the breakdown 
of the gate oxide layer 243 can be prevented, whereby the 
operation characteristics of the bipolar transistor are Stabi 
lized. 

0403. By enabling the current limiting feature with the 
power Source for Supplying to the base 239 and gate elec 
trode 245 in the bipolar transistor disclosed herein, the 
Source and ground potentials are effectively utilized. AS a 
result, it becomes unnecessary to incorporate an additional 
device for lowering the Source Voltage Such as, for example, 
an integrated Stepdown circuit, which has been necessary for 
previous devices. This feature of the present transistor, 
therefore, can be suitably utilized to be included in a DC/DC 
converter, without causing undue decrease in efficiency. 

04.04. In addition, by forming the emitter 237 and the 
high concentration ohmic diffusion layer for base 239 spa 
tially Separated from one another in the transistor disclosed 
herein, a junction leak between emitter and base can be 
decreased. 

0405 With the above features of the present bipolar 
transistor in spite of the base width thereof smaller than 
previous lateral bipolar transistors, the current amplification 
factor linearity characteristics are found comparable to those 
of the previous bipolar transistors. 

0406 FIG. 24A is a plan view illustrating an NPN 
bipolar transistor according to another embodiment dis 
closed herein, and FIG. 24B is a diagrammatic cross 
sectional view of the transistor of FIG. 24A taken generally 
along the line A-A of the structure of FIG. 24A. In the 
description which follows, the components operating in a 
similar manner to those in FIG. 14 are shown with identical 
numerical representation and descriptions thereof are herein 
abbreviated. 

0407 Referring to FIG. 24B, the NPN bipolar transistor 
includes at least a field oxide layer 202 formed on a P-type 
substrate 201; a collector (N well) 203, made of an N-type 
diffusion layer, formed in the region for forming therein the 
bipolar transistor in the P-type substrate; a base (P body) 
205, made of a P-type diffusion layer, formed in the collector 
203; an emitter (N) 207 made of an N-type diffusion layer; 
a high concentration diffusion layer (P") for base 209 made 
of a P-type diffusion layer; a high concentration ohmic 
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diffusion layer (N) for collector 211 made of an N-type 
diffusion layer, a gate oxide layer 213; and a gate electrode 
215. 

0408. In addition, a medium concentration collector (N") 
281, made of a diffusion layer, is formed in the collector 203 
in intermediate between the high concentration ohmic dif 
fusion layer for collector 211 and the gate electrode 215, 
having an N-type impurity concentration larger than the 
collector 203, and smaller than the high concentration ohmic 
diffusion layer for collector 211. 
04.09 The high concentration ohmic diffusion layer for 
collector 211 is electrically connected to a Source potential 
223 by way of a collector wiring 221. The emitter 207 is 
connected to the ground potential 219 by way of an emitter 
wiring 217. 

0410 There connected to the high concentration ohmic 
diffusion layer for base 209 and to the gate electrode 215 are 
a base wiring 225 and a gate electrode wiring 227, respec 
tively. In addition, the base wiring 225 and the gate electrode 
wiring 227 are connected each other, to further be connected 
together to an input terminal 229. 
0411. In the NPN bipolar transistor according to the 
embodiment disclosed herein as illustrated in FIG. 24B, the 
portions of the base 205 and high concentration diffusion 
layer for base 209 are each formed to be shared in common 
by two neighboring bipolar transistor Structures which are 
provided symmetrically with respect to the plane bisecting 
the transistor Structure perpendicular to the line A-A. 
0412. In addition, the high concentration ohmic diffusion 
layer for collector 211 and medium concentration collector 
281 are each formed in a similar Symmetrical manner to that 
abovementioned. The collectors 203 and emitters 207 over 
the four bipolar transistor Structures are each formed by 
fabricating a Single, continuous diffusion layer. Similarly, 
gate electrodes 215 are formed by fabricating a Single, 
continuous polysilicon layer. 

0413 By forming the medium concentration collector 
281 in the collector 203 in intermediate between the high 
concentration ohmic diffusion layer for collector 211 and the 
gate electrode 215, a collector resistance between collector 
211 and gate electrode 215 can be reduced, and the current 
amplification factor can be increased in the range of high 
Current. 

0414) Referring to FIGS. 25D through 25F together 
with FIGS. 25D through 25F, there is shown, in a series of 
croSS-Sectional views, a Sequence of Some proceSS Steps 
which may be utilized in fabricating the NPN bipolar 
transistor of FIGS. 24A and 24B. 

0415) These drawings, FIGS. 25D through 25F, illus 
trate additional Steps following those described earlier in 
reference to FIGS. 15A through 15D. In addition, there 
shown in these drawings are process Steps to form only one 
of the above mentioned two neighboring bipolar transistor 
StructureS. 

0416) Thus, the NPN bipolar transistor disclosed herein 
may be fabricated as follows. First, according to the afore 
mentioned process Steps (1) through (4) in reference to 
FIGS. 15A through 15D, a field oxide layer 202, gate oxide 
layer 213 and gate electrode 215 are formed on a P-type 
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Substrate 201, and a collector 203 and base 205 are formed 
in the substrate 201 (FIG. 15D). 
0417 Subsequently, Succeeding process steps (5) through 
(7) are further carried out as follows. 
0418 (5) Another resist pattern is formed having an 
opening overlying the collector 203 on the other side from 
the base 205 with respect to the gate electrode 215. Using 
this resist pattern as a mask, phosphorus ions are implanted 
under the conditions of an acceleration energy of 100 keV 
and a dose of approximately 5.0x10 ° cm’, whereby a 
medium concentration collector (N) 281 is formed. The 
resist pattern is then removed (FIG. 25D). 
0419 (6) Thereafter, still another resist pattern is formed 
having an opening overlying Several portions Such as the 
gate electrode 215, the vicinity thereof on the side of base 
205, and medium concentration collector 281. For forming 
this resist pattern, the opening for the above mentioned 
portion on the medium concentration collector 281 is formed 
with the portion retaining the resist having a width of 1.5 lim 
or greater from the gate electrode 215. 
0420 Using this resist pattern as a mask, ions of either 
phosphorus or arsenic are implanted Simultaneously into the 
regions for forming a base 205, and a medium concentration 
collector 281 under the conditions of an acceleration energy 
of 50 keV and a dose of approximately 6x10" cm. 
0421. After removing the resist pattern, the implanted 
ions are subjected to thermal diffusion at 920° C. for 
approximately one hourDwhereby the emitter (N) 207 is 
formed in close proximity to the gate electrode 215, and the 
high concentration N-type ohmic diffusion layer (N") for 
collector 211 is also formed in close proximity with the 
medium concentration collector 281 Spatially Separated 
from the gate electrode 215 with a distance of 1.5 um or 
greater (FIG. 25E). 
0422 (7) Another resist pattern is formed having an 
opening overlying the portion on the base 205 Spatially 
separated from emitter 207 with a distance of 1.5 um or 
greater, for example. Using the resist pattern as a mask, 
boron ions are implanted into the region for forming a high 
concentration ohmic diffusion layer for base under the 
conditions of an acceleration energy of 30 keV and a dose 
of approximately 2.0x10 cm 
0423. After removing the resist pattern, the implanted 
ions are subjected to thermal diffusion at 920 C. for 
approximately one hourDwhereby the high concentration 
ohmic diffusion layer (P) for base 209 is formed in the base 
205 (FIG. 25F). 
0424 Referring again to FIG. 24B, the succeeding pro 
cess steps begin with forming a dielectric interlayer (not 
shown) on the thus formed structure. The next step is to 
provide contact holes (not shown) in the interlayer corre 
sponding to respective regions of the emitter 207, high 
concentration ohmic diffusion layer for base 209, and high 
concentration ohmic diffusion layer for collector 211. These 
contact holes are replenished with conducting materials. 
Appropriate wirings, 217, 221,225 and 227, are then formed 
on the interlayer. 
0425 There subsequently electrically connected are the 
emitter 207 to the ground potential 219 by way of an emitter 
wiring 217, the high concentration ohmic diffusion layer for 
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collector 211 to source potential 223 by way of a collector 
wiring 221, and the high concentration ohmic diffusion layer 
for base 209 and the gate electrode 215 to the input terminal 
229 by way of a base wiring 225 and a gate wiring 227, 
respectively. 

0426 By the method described herein above, the NPN 
bipolar transistor of FIGS. 24A and 24B can be suitably 
fabricated. In addition, the medium concentration collector 
281 is formed in the self-aligned manner with respect to the 
gate electrode 215, and the position of the medium concen 
tration collector 281 is therefore determined by the edge of 
the gate electrode 215. 
0427 As a result, the dispersion in alignment of the 
distance between the medium concentration collector 281 
and the base 205 during photolithographic proceSS Steps can 
be made Small enough to be disregarded. 
0428 FIG. 26 is a diagrammatic cross-sectional view 
illustrating a PNP bipolar transistor according to another 
embodiment disclosed herein. In the description which 
follows, the components operating in a similar manner to 
those in FIG. 19 are shown with identical numerical repre 
Sentation and descriptions thereof are herein abbreviated. 
0429 Referring to FIG. 26, the PNP bipolar transistor 
includes at least a field oxide layer 232 formed on an N-type 
substrate 231; a collector (P well) 233, made of a P-type 
diffusion layer, formed in the region for forming therein the 
bipolar transistor in the N-type substrate; a base (N body) 
235 made of an N-type diffusion layer; an emitter (P) 237 
made of a P-type diffusion layer; a high concentration 
diffusion layer (N) for base 239 made of an N-type diffu 
Sion layer; a high concentration ohmic diffilision layer (P) 
for collector 241 made of a P-type diffusion layer; a gate 
oxide layer 243; and a gate electrode 245. 
0430. In addition, a medium concentration collector (P) 
283, made of a diffusion layer, is formed in the collector 233 
in intermediate between the high concentration ohmic dif 
fusion layer for collector 241 and the gate electrode 245, 
having a P-type impurity concentration larger than the 
collector 233, and Smaller than the high concentration ohmic 
diffusion layer for collector 241. 
0431. The emitter 237 is connected to the ground poten 

tial 219 by way of an emitter wiring 247. The high concen 
tration ohmic diffusion layer for collector 241 is electrically 
connected to the ground potential 219 by way of a collector 
wiring 251. 
0432. There connected to the high concentration ohmic 
diffusion layer for base 239 and to the gate electrode 245 are 
a base wiring 255 and a gate wiring 257, respectively. In 
addition, the base wiring 255 and a gate electrode wiring 257 
are connected to each other, to further be connected together 
to an input terminal 259. 
0433. By forming the medium concentration collector 
283 in the collector 233 in intermediate between the high 
concentration ohmic diffusion layer for collector 241 and the 
gate electrode 245, a collector resistance between the high 
concentration ohmic diffusion layer for collector 241 and 
gate electrode 245 can be reduced, and the current amplifi 
cation factor can be increased in the range of high current. 
0434. The PNP bipolar transistor disclosed herein may be 
fabricated in a Similar manner to the process StepS described 
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earlier referring to FIGS. 15A through 15D, and 25D 
through 25F, with the exception that the conductivity type is 
reversed to respective portions of the bipolar transistor. 
0435. In addition, the medium concentration collector 
283 is formed in the self-aligned manner with respect to the 
gate electrode 245 in a similar manner to the aforementioned 
embodiments fabricated by the process Steps with reference 
to FIGS. 15A through 15D, and 25D through 25F. As a 
result, the dispersion in alignment of the medium concen 
tration collector 283 during photolithographic process Steps 
can be made Small enough to be disregarded. 
0436 FIG. 27 is a diagrammatic cross-sectional view 
illustrating an NPN bipolar transistor according to another 
embodiment disclosed herein. In the description which 
follows, the components operating in a similar manner to 
those in FIG. 24B are shown with identical numerical 
representation and descriptions thereof are herein abbrevi 
ated. 

0437. Referring to FIG. 27, the NPN bipolar transistor 
includes at least a field oxide layer 202 formed on a P-type 
substrate 201; a collector (N well) 203, made of an N-type 
diffusion layer formed in the region for forming therein the 
bipolar transistor in the P-type substrate; a base (P body) 
205, made of a P-type diffusion layer, formed in the collector 
203; an emitter (N) 207 made of an N-type diffusion layer; 
a high concentration diffusion layer (P") for base 209 made 
of a P-type diffusion layer; a high concentration ohmic 
diffusion layer (N") for collector 211 made of an N-type 
diffusion layer; a gate oxide layer 213; a gate electrode 215; 
and a medium concentration collector 281. 

0438. This structure for the NPN bipolar transistor is 
therefore essentially similar to that of the transistor of FIG. 
24B. 

0439. The high concentration ohmic diffusion layer for 
collector 211 is electrically connected to a Source potential 
223 by way of a collector wiring 221. The high concentra 
tion ohmic diffusion layer for base 209 is connected to an 
input terminal 229 applied with an input voltage by way of 
a base wiring 261. 
0440 There connected to the emitter 207 and to the gate 
electrode 215 are an emitter wiring 265 and a gate electrode 
wiring 267, respectively. In addition, the emitter wiring 265 
and the gate electrode wiring 267 are connected each other, 
to further be connected together to the ground potential 219. 
0441 By forming the medium concentration collector 
281 in the collector 203 in intermediate between the high 
concentration ohmic diffusion layer for collector 211 and the 
gate electrode 215 in a similar manner to the transistor of 
FIG. 24B, a collector resistance between the high concen 
tration ohmic diffusion layer for collector 211 and gate 
electrode 215 can be reduced, and the current amplification 
factor can be increased in the range of high current. 
0442. The NPN bipolar transistor disclosed herein may 
be fabricated in a similar manner to the process Steps (1) 
through (7) described earlier in reference to FIGS. 15A 
through 15D, and 25D through 25F, accompanied by Suc 
ceeding Steps which follows herein below. 
0443) The Succeeding process steps begin with forming a 
dielectric interlayer (not shown) on the thus formed Struc 
ture. Thereafter, contact holes (not shown) are formed in the 
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interlayer corresponding to respective regions of the emitter 
207, high concentration ohmic diffusion layer for base 209, 
and high concentration ohmic diffusion layer for collector 
211. These contact holes are replenished with conducting 
materials. Appropriate wirings, 221, 261,265 and 267, are 
then formed on the interlayer. 
0444 Subsequently connected are the high concentration 
ohmic diffusion layer for collector 211 to source potential 
223 by way of a collector wiring 221, the high concentration 
ohmic diffusion layer 209 to the input terminal 229 by way 
of a base wiring 261, the emitter 207 and the gate electrode 
215 by way of an emitter wiring 265 and a gate electrode 
wiring 267, respectively, to the ground potential 219. 

0445. The bipolar transistor of FIG. 27 may therefore be 
fabricated in a manner Similar to the process StepS described 
earlier referring to FIGS. 15A through 15D, and 25D 
through 25F. 

0446 FIG. 28 is a diagrammatic cross-sectional view 
illustrating a PNP bipolar transistor according to one 
embodiment disclosed herein. In the description which 
follows, the components operating in a similar manner to 
those in FIG. 26 are shown with identical numerical repre 
Sentation and descriptions thereof are herein abbreviated. 
0447 Referring to FIG. 28, the PNP bipolar transistor 
includes at least a field oxide layer 232 formed on an N-type 
substrate 231; a collector (P well) 233, made of a P-type 
diffusion layer, formed in the region for forming therein the 
bipolar transistor in the N-type substrate; a base (N body) 
235 made of an N-type diffusion layer; an emitter (P) 237 
made of a P-type diffusion layer; a high concentration 
diffusion layer (N) for base 239 made of an N-type diffu 
Sion layer; a high concentration ohmic diffusion layer (P) 
for collector 241 made of a P-type diffusion layer; a gate 
oxide layer 243; a gate electrode 245; and a medium 
concentration collector 283. 

0448. This structure for the PNP bipolar transistor is 
therefore similar to that of the transistor of FIG. 26. 

0449 The high concentration ohmic diffusion layer for 
collector 241 is electrically connected to the ground poten 
tial 219 by way of a collector wiring 251. 

0450. The high concentration ohmic diffusion layer for 
base 239 is connected to an input terminal 229 by way of a 
base wiring 271. The emitter 237 is connected to an emitter 
wiring 275, and the gate electrode 245 is connected to a gate 
electrode wiring 277. The emitter wiring 275 and gate 
electrode wiring 277 are connected to each other, to further 
be connected together to a Source potential 223. 

0451 By forming the medium concentration collector 
283 in the collector 233 in intermediate between the high 
concentration ohmic diffusion layer for collector 241 and the 
gate electrode 245 in a similar manner to the transistor of 
FIG. 26, a collector resistance between the high concentra 
tion ohmic diffusion layer for collector 241 and gate elec 
trode 245 can be reduced, and the current amplification 
factor can be increased in the range of high current. 

0452. The PNP bipolar transistor disclosed herein may be 
fabricated in a similar manner to the process steps (1) 
through (7) described earlier in reference to FIGS. 15A 
through 15D, and 25D through 25F with the exception that 
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the conductivity type is reversed to respective portions of the 
bipolar transistor, accompanied by Succeeding StepS which 
follows herein below. 

0453 The succeeding process steps begin with forming a 
dielectric interlayer (not shown) on the thus formed Struc 
ture. Thereafter, contact holes (not shown) are formed in the 
interlayer corresponding to respective regions of the emitter 
237, high concentration ohmic diffusion layer for base 239, 
and high concentration ohmic diffusion layer for collector 
241. These contact holes are replenished with conducting 
materials. Appropriate wirings, 251, 271, 275 and 277, are 
then formed on the interlayer. 
0454. Subsequently connected are the high concentration 
ohmic diffusion layer for collector 241 to the ground poten 
tial 219 by way of a collector wiring 251, the high concen 
tration ohmic diffusion layer for base 239 to the input 
terminal 229 by way of a base wiring 271, the emitter 237 
and the gate electrode 245 by way of the emitter wiring 275 
and the gate electrode wiring 277, respectively, to the Source 
potential 223. 
0455 The bipolar transistor of FIG. 28 may therefore be 
fabricated in a manner Similar to the process StepS described 
earlier referring to FIGS. 15A through 15D, and 25D 
through 25F. 
0456) While the transistors and the methods for forming 
Such transistors are described herein above primarily on the 
bipolar transistor formed on either P-type or N-type semi 
conductor substrate according to the several embodiments in 
reference to FIGS. 14, 15A through 15F, 19, 20, and 23 
through 28, the device structure is not limited to those 
described above, but may also be adapted to the transistors 
formed in either P-type or N-type well in the semiconductor 
Substrate. 

0457. The bipolar transistors disclosed herein above may 
Suitably be incorporated into Several circuits Such as, for 
example, a voltage stabilizer and a DC/DC converter, which 
will be detailed herein below. 

0458 FIG. 29 is an electrical schematic diagram illus 
trating a Voltage Stabilizer incorporating the bipolar transis 
tor disclosed herein. 

0459 Referring to FIG. 29, the voltage stabilizer 
includes at least a PNP bipolar transistor 95 as an output 
transistor, provided between an input terminal V in 91 to be 
connected to a power Source and an output terminal V out 93 
to be connected to a load. A differential amplifier circuit 97 
is additionally included. The output terminal of the differ 
ential amplifier circuit 97 is connected to a gate electrode of 
the PNP bipolar transistor 95, while the inverting input 
terminal thereof is connected to a Voltage reference circuit V 
ref 99. 

0460 Therefore, to the inverting input terminal of the 
differential amplifier circuit 97, a reference voltage is input 
from the voltage reference circuit V ref 99, and the voltage, 
which is output from the PNP bipolar transistor 95 and then 
divided by dividing resistors R1 and R2, is input to the 
non-inverting input terminal. 
0461 The source power for the differential amplifier 
circuit 97 and voltage reference circuit V ref 99 is supplied 
from the input terminal V in 91. The differential amplifier 
circuit 97, voltage reference circuit V ref 99 and dividing 
resistor R2 are grounded. 
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0462. The PNP bipolar transistor disclosed herein is thus 
used as the component transistor 311 incorporated into the 
present Voltage Stabilizer. This facilitates to decrease the size 
of an output driver, and to miniaturize the chip area yet 
attaining high withstand Voltages. 
0463 When an input voltage from the terminal 91 is 
decreased in the present circuit, the resultant Voltage is 
output in proportion with the division by the divider. In such 
a case, a constant Voltage output is obtained by changing the 
on resistance of the PNP bipolar transistor 95 depending on 
the current Supplied to the external load. 
0464) This can be achieved by comparing the reference 
voltage from the voltage reference circuit V ref with a 
feedback voltage from the dividing resistors, R1 and R2, by 
means of the differential amplifier circuit 97. 
0465 FIG. 30 is an electrical schematic diagram illus 
trating an inverting type charge pump DC/DC converter 
incorporating bipolar transistors disclosed herein according 
to another embodiment disclosed herein. 

0466 Referring to FIG.30, the DC/DC inverter includes 
at least an input terminal V in 301, an inverting output 
terminal V out 303, a ground terminal GND 305, a charge 
capacity positive terminal CP+307, and a charge capacity 
negative terminal CP-309. A capacitor (not shown) as an 
external component is further included between the charge 
capacity positive terminal CP+307 and the charge capacity 
negative terminal CP-309. 
0467. Additionally provided between input terminal V in 
301 and ground terminal GND 305 in order are a PNP 
bipolar transistor 311 and an NPN bipolar transistor 313. 
The charge capacity positive terminal CP+307 is connected 
between PNP bipolar transistor 311 and NPN bipolar tran 
sistor 313. The junction between NPN bipolar transistor 313 
and ground terminal GND 305 is connected to the ground 
potential 315. 
0468. In addition, NPN bipolar transistors 317 and 319 
are provided in order between the ground potential 315 and 
output terminal 303. The charge capacity negative terminal 
309 is connected between the NPN bipolar transistors 317 
and 319. 

0469 An oscillator OSC 323 is also provided to transmit 
two Voltages by turns, one being the same Voltage as that of 
the input terminal 301 (Vin voltage) and the other the same 
as that of the ground terminal 305(GND voltage), after 
comparing with the reference Voltage output from a Voltage 
reference circuit V ref 321. 

0470 An output terminal of the oscillator OSC 323 is 
connected, to respective bases of NPN bipolar transistors 
313 and 319 directly, to the gate electrode of NPN bipolar 
transistor 317 by way of an inverter 325, and to the base of 
PNP bipolar transistor 311 by way of inverters 325 and 327. 
0471. This inverting type charge pump DC/DC converter 
operates So as to exert the Switching operations of the four 
transistors 311, 313, 317 and 319 by applying voltages from 
the oscillator 323 to respective bases of these transistors, to 
generate the current by charging and discharging the capaci 
tor connected between the charge capacity positive terminal 
307 and the charge capacity negative terminal 309, and to 
output to the output terminal 303 the voltage generated by 
inverting the voltage input from the input terminal 301. 
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0472. At least one of the bipolar transistors disclosed 
herein is thus used as the component transistorS Such as the 
PNP311, and the NPN bipolar transistors, 113, 115 and 117, 
incorporated into the present Voltage Stabilizer. This facili 
tates to decrease the size of an output driver and miniaturize 
the chip area yet attaining high withstand Voltages. 

0473 Upon transmitting the GND voltage from the oscil 
lator OSC323, the PNP bipolar transistor 311 and the NPN 
bipolar transistor 317 are turned on, while the NPN bipolar 
transistors, 113 and 119, are turned off. During this period, 
the charge is accumulated in the capacitor connected 
between the charge capacity positive terminal CP+307 and 
the charge capacity negative terminal CP-309. 

0474. In contrast, on transmitting the V in voltage from 
the oscillator OSC 323, the PNP bipolar transistor 311 and 
the NPN bipolar transistor 317 are turned off, while the NPN 
bipolar transistors, 113 and 119, are turned on. The capacitor 
then dissipates the charge previously accumulated. Since the 
potential of the output terminal V out 303 is kept lower than 
the ground terminal 105, a voltage is now obtained, which 
is inverted from the Voltage generated by the previously 
accumulated charge, and then output to the output terminal 
73. 

0475 By repeating the above steps, therefore, the current 
flow can be maintained with the voltage inverted from the 
Voltage input. 

0476 While the bipolar transistors disclosed herein are 
used as the components for forming the circuits Such as the 
voltage stabilizer and DC/DC converter according to the 
embodiments in reference to FIGS. 29 and 30, the circuit is 
not limited to those described above, but may also be 
adapted to any circuits incorporating bipolar transistors. 

0477 The semiconductor device fabrication and process 
StepS Set forth in the present description may therefore be 
implemented using Suitable host computers and terminals 
incorporating appropriate processors programmed accord 
ing to the teachings disclosed herein, as will be appreciated 
to those skilled in the relevant arts. 

0478. Therefore, the present disclosure also includes a 
computer-based product which may be hosted on a Storage 
medium and include instructions which can be used to 
program a processor to perform a proceSS in accordance with 
the present disclosure. The Storage medium can include, but 
is not limited to, any type of disk including floppy disks, 
optical disks, CD-ROMS, magneto-optical disks, ROMs, 
RAMs, EPROMs, EEPROMS, flash memory, magnetic or 
optical cards, or any type of media Suitable for Storing 
electronic instructions. 

0479. It is apparent from the above description including 
the examples, the devices and methods disclosed herein 
have Several advantages over Similar devices and methods 
previously known. 

0480. Although these advantages are described earlier in 
this disclosure, they are Summarized as follows with respect 
to the MOS structures disclosed herein. 

0481 (1) Since the drain of the LDMOS transistor is 
formed in the drain well region, having a partial overlap with 
one of the Sides of the gate electrode, an appropriate drain 
threshold and also low on resistance can be obtained. 
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0482 (2) The LDMOS semiconductor is formed in a 
Semiconductor Substrate, including at least a medium con 
centration drain region having an impurity concentration 
Smaller than that of a channel well region. As a result, an 
undue decrease in the effective channel length can be 
obviated, which may be caused during thermal diffusion 
proceSS Steps for forming both medium concentration drain 
region and channel well region. 
0483 (3) Two regions for forming the P-channel type 
LDMOS transistor and the P-channel type MOS transistor, 
respectively, are preferably formed Simultaneously in an 
N-type isolation well region in the Semiconductor Substrate. 
Also, a P-type drain well region for forming the P-channel 
type LDMOS transistor and a P-type well region for forming 
a conventional N-channel type MOS transistor are formed 
Simultaneously in the N-type isolation well region. AS a 
result, proceSS Steps can be simplified. 

0484 (4) The semiconductor device incorporating 
N-type LDMOS transistor and a conventional P-channel 
type MOS transistor is fabricated, in which an N-type drain 
well region for forming the N-channel type LDMOS tran 
Sistor and an N-type well region for forming the conven 
tional P-channel type MOS transistor are formed simulta 
neously in P conductivity type Substrate. As a result, proceSS 
StepS can be simplified. 

0485 (5) Although P conductivity type of semiconductor 
Substrates are utilized for forming the above Semiconductor 
devices, N conductivity type of Substrates may alternatively 
be used to form Semiconductor devices including compo 
nents of the opposite conductivity type. As a result, proceSS 
StepS can be simplified. 

0486 (6) When both LDMOS transistor and conven 
tional N-channel type MOS transistor are incorporated into 
the Semiconductor device, the gate oxide layer formed 
contiguously under the LDMOS transistor has a thickness 
Smaller than that of the conventional MOS transistor. This 
facilitates to decrease the on resistance for the LDMOS 
transistor. 

0487 (7) In the power source unit incorporating the 
LDMOS transistor disclosed herein, the area for output 
driver can be decreased because of reduced on resistance 
values of the transistor. 

0488 (8) In the charge pump type DC/DC converter 
incorporating the LDMOS transistor disclosed herein as at 
least one of the integrated Switches, the chip area required 
for resistors in practical products can be decreased, since 
reduced on resistance values facilitate to increase current 
Supply. 

0489 (9) Since the drain of the LDMOS transistor is 
formed Spatially Separated from the gate electrode having a 
depth Smaller than that of medium concentration drain 
region or channel well region, an appropriate drain threshold 
and also low on resistance can be obtained. Since the Source 
is Self-aligned with respect to the gate electrode, Source 
resistance values can be reduced and transistor characteris 
tics are Stabilized. 

0490. In addition, the medium concentration drain region 
is formed in the Self-aligned manner with respect to the gate 
electrode. As a result, the drain resistance values can be 
reduced and transistor characteristics are Stabilized. Further 
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more, Since the channel well region is formed in the Self 
aligned manner with respect to the gate electrode, transistor 
characteristics of the LDMOS transistor can be stabilized. 

0491 (10) In the methods for fabricating the semicon 
ductor device, the Step of thermally diffusing impurity ions 
during the formation of the medium concentration drain 
region is carried out following ion implantation Steps. This 
gives rise to an increase in the region of the medium 
concentration drain compared with the region formed with 
out thermal diffusion, to thereby result in an increase in the 
number of ions possibly introduced in the region. As a result, 
the resistance of the medium concentration drain region can 
be decreased along with a decrease in drain resistance yet 
maintaining high withstand Voltages. 

0492 (11) In the methods for fabricating the semicon 
ductor device, the Step of thermally diffusing impurity ions 
for forming the medium concentration drain region is carried 
out simultaneously with the Step of thermally diffusing 
impurity ions for forming the channel well region. AS a 
result, the medium concentration drain region can be 
increased without including any additional thermal diffusion 
Step. 

0493 (12) Also, in the method for fabricating the semi 
conductor device, the number of impurity ions implanted for 
forming the channel well region is greater than that for 
forming the medium concentration drain region. As a result, 
an undue decrease in the effective channel length can be 
obviated, which may be caused during thermal diffusion 
process Steps for forming both medium concentration drain 
region and channel well region. 

0494 (13) When both LDMOS and PchMOS transistors 
are incorporated into the Semiconductor device, the P-type 
polysilicon gate electrode is made of polysilicon layer 
having a thickness of at least 500 um and a concentration of 
the P-type impurity ions ranging from 2.0x10" to 1.0x10' 
cm, and thermal diffusion process steps following the ion 
implantation for forming the channel well region are carried 
out at a temperature ranging from 1050 to 1100 C. for a 
period of time ranging from 100 to 500 min. 
0495. As a result, the punch-through of P-type impurities 
through the gate oxide layer can be prevented, and the 
decrease in PchMOS withstand voltage values can be obvi 
ated. 

0496 (14) The method for fabricating the semiconductor 
device may include a further Step for forming the P-type 
polysilicon gate electrode by first forming a polysilicon 
layer without including impurity ions on the gate oxide, 
forming the Silicon oxide layer on the polysilicon layer to a 
thickness ranging from 25 to 50 nm, and Subsequently 
doping P-type impurity ions by implanting through the 
Silicon oxide layer Such that an impurity concentration in the 
polysilicon layer reach the above noted concentration rang 
ing from 2.0x10 to 1.0x10 cm 
0497 As a result, the punch-through of P-type ions 
through the gate oxide layer can be prevented and the 
impurity concentration in the resultant polysilicon gate 
electrode can be determined accurately. 
0498 Although several advantages are described earlier 
with respect to the bipolar transistors disclosed herein, they 
are Summarized as follows. 
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0499 (1) The bipolar transistor structure is further pro 
Vided with the wiring for connecting the gate electrode with 
the base to be equipotential one another, to thereby be able 
to decrease the base width. In addition, Since a forward 
biased Voltage results between the base and emitter, as 
indicated earlier, a high Voltage does not appear at the gate 
electrode of the transistor. 

0500. As a result, the breakdown of the gate dielectric 
layer can be prevented even when a high Voltage Such as, for 
example, the Source potential is applied, whereby stable 
operation characteristics are achieved for the bipolar tran 
Sistor. 

0501) (2) The bipolar transistor structure is alternatively 
provided with the wiring for connecting the gate electrode 
with the emitter to be equipotential one another, to thereby 
be able to decrease the base width. In addition, Since a 
forward-biased Voltage results between the base and gate 
electrode, a forward-biased Voltage is applied to the gate 
electrode. 

0502. The breakdown of the gate dielectric layer, there 
fore, can be prevented even when a high Voltage Such as, for 
example, the Source potential is applied, whereby stable 
operation characteristics are achieved for the bipolar tran 
Sistor. 

0503 (3) The high concentration ohmic diffusion layer 
for collector and the gate electrode are preferably formed 
Spatially Separated one another in the transistor. This facili 
tates to SuppreSS the gate modulation effect, and to further 
increase threshold Voltages. 
0504 (4) During the formation of the high concentration 
ohmic diffusion layer for connecting the collector and the 
gate electrode Spatially Separated one another, a medium 
concentration collector is further provided in the collector in 
intermediate between the gate electrode and the high con 
centration ohmic diffusion layer for connecting collector, 
which is made of a diffusion layer of the first conductivity 
type having an impurity concentration larger than the col 
lector, and Smaller than the high concentration ohmic dif 
fusion layer for connecting collector. 
0505 As a result, a collector resistance between the high 
concentration ohmic diffusion layer for connecting the col 
lector and gate electrode can be reduced, and the current 
amplification factor can be increased in the high current 
range. 

0506 (5) Since the bipolar transistor disclosed herein is 
utilized in the power Source unit for Outputting a constant 
Voltage through Voltage comparison and feedback opera 
tions, the area for output driver can be reduced yet main 
taining high threshold Voltages. 

0507 (6) Since the bipolar transistor disclosed herein is 
utilized as at least one of its internal Switches in the charge 
pump type DC/DC converter capable of outputting a per 
Sistent current flow, the chip area required for resistors in 
practical products can be decreased yet maintaining high 
threshold Voltages. 
0508) (7). In the methods for fabricating the bipolar 
transistor herein disclosed, the base and emitter are formed 
in the Self-aligned manner with respect to the gate electrode. 
This facilitates to determine the current amplification factor 
of the transistor with the lateral bipolar transistor Structure, 
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and also the base width as Small as predetermined, through 
which most of the current flow exists. 

0509. In addition, the dispersion in alignment of the base 
width during photolithographic proceSS Steps can be made 
Small enough to be disregarded. The bipolar transistor with 
high-efficiency can therefore be formed with a reduced ship 
aca. 

0510 (9) Also, in the methods for fabricating the bipolar 
transistor herein, the medium concentration collector is 
formed in the collector in the Self-aligned manner with 
respect to the gate electrode on the other Side of the gate 
electrode from the base. The position of the medium con 
centration collector is therefore determined by the edge of 
the gate electrode. As a result, the dispersion, in alignment 
during photolithographic proceSS Steps, of the distance 
between the medium concentration collector and the base 
can be made Small enough to be disregarded. 
0511. Obviously, additional modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be prac 
ticed otherwise than as Specifically described herein. 
0512. This document claims priority and contains subject 
matter related to Japanese Patent Applications No. 2001 
195380 and 2001-219446, filed with the Japanese Patent 
Office on Jun. 27, 2001 and Jul. 19, 2001, respectively, the 
entire contents of which are hereby incorporated by refer 
CCC. 

1-30. (canceled) 
31. A power Source unit means comprising a circuit means 

which outputs a constant Voltage by comparing an output 
Voltage with a reference Voltage and which provides feed 
back of Said output Voltage to an input of Said circuit, Said 
circuit comprising: 

an LDMOS (lateral double-diffusion MOS) transistor, 
said LDMOS transistor comprising: 

a Semiconductor Substrate; 
a gate oxide layer formed on Said Semiconductor Sub 

Strate having a uniform thickness, 
a gate electrode formed on Said gate oxide layer; 
a drain well region of a first conductivity type formed 

in a region including Said gate electrode, 
a channel well region of a Second conductivity type 

opposite to that of Said first conductivity type with an 
impurity concentration larger than that of Said drain 
well region, formed in Said drain well region having 
a partial overlap with Said gate electrode, 

a Source of Said first conductivity type formed contigu 
ously to one Side of Said gate electrode in Said 
channel well region; 

a medium concentration drain region of Said first con 
ductivity type with an impurity concentration larger 
than that of Said drain well region formed in Said 
drain well region, having a partial overlap with 
another Side of Said gate electrode; and 

a drain of Said first conductivity type with an impurity 
concentration larger than that of Said medium con 
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centration drain region, formed in Said medium 
concentration drain region spatially Separated from 
Said gate electrode. 

32. The power Source unit means according to claim 31, 
wherein Said medium concentration drain region has an 
impurity concentration Smaller than that of Said channel well 
region. 

33. The power Source unit means according to claim 31, 
further comprising: 

a conventional P-channel type MOS transistor; and 
a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of P-conductivity 

type, 

said LDMOS transistor is of P-channel type; 
two regions for forming therein Said P-channel type 
LDMOS transistor and said P-channel type MOS tran 
Sistor, respectively, are formed Simultaneously in an 
N-type isolation well region in Said Semiconductor 
Substrate; and 

a P-type drain well region for forming Said P-channel type 
LDMOS transistor and a P-type well region for forming 
said conventional N-channel type MOS transistor are 
formed simultaneously in said N-type isolation well 
region in Said Semiconductor Substrate. 

34. The power Source unit means according to claim 33, 
wherein Said gate oxide layer formed contiguously under 
said P-channel type LDMOS transistor has a thickness 
Smaller than that of Said conventional P-channel type and 
N-channel type MOS transistors, wherein said thickness of 
conventional P-channel and N-channel type MOS transistors 
is approximately 65 nm thick. 

35. The power Source unit means according to claim 31, 
further comprising: 

a conventional P-channel type MOS transistor, 
wherein said semiconductor Substrate is of P-conductivity 

type, 

said LDMOS transistor is of N-channel type; and 
an N-type drain well region for forming Said N-channel 

type LDMOS transistor and an N-type well region for 
forming said conventional P-channel type MOS tran 
Sistor are formed Simultaneously in Said Semiconductor 
Substrate. 

36. The power Source unit means according to claim 35, 
wherein Said gate oxide layer formed contiguously under 
said N-channel type LDMOS transistor has a thickness 
smaller than that of said conventional P-channel type MOS 
transistor, wherein Said thickness of conventional P-channel 
type MOS transistors is approximately 65 nm thick. 

37. The power Source unit means according to claim 31, 
further comprising: 

a conventional P-channel type MOS transistor; and 
a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of N-conductiv 

ity type; 

said LDMOS transistor is of N-channel type; 
two regions for forming therein Said N-channel type 
LDMOS transistor and said N-channel type MOS tran 
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Sistor, respectively, are formed Simultaneously in a 
P-type isolation well region in Said Semiconductor 
Substrate; and 

an N-type drain well region for forming Said N-channel 
type LDMOS transistor and an N-type well region for 
forming said conventional P-channel type MOS tran 
Sistor are formed Simultaneously in Said P-type isola 
tion well region in Said Semiconductor Substrate. 

38. The power source unit means according to claim 37, 
wherein Said gate oxide layer formed contiguously under 
said N-channel type LDMOS transistor has a thickness 
Smaller than that of Said conventional P-channel type and 
N-channel type MOS transistors, wherein said thickness of 
conventional P-channel and N-channel type MOS transistors 
is approximately 65 nm thick. 

39. The power Source unit means according to claim 31, 
further comprising: 

a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of N-conductiv 

ity type; 

said LDMOS transistor is of P-channel type; and 
a P-type drain well region for forming Said P-channel type 
LDMOS transistor and a P-type well region for forming 
said conventional N-channel type MOS transistor are 
formed Simultaneously in Said Semiconductor Sub 
Strate. 

40. The power source unit means according to claim 39, 
wherein Said gate oxide layer formed contiguously under 
said P-channel type LDMOS transistor has a thickness 
smaller than that of said conventional N-channel type MOS 
transistor, wherein Said thickness of conventional N-channel 
type MOS transistor is approximately 65 nm thick. 

41. A charge pump-type DC/DC converter unit means 
which outputs a constant current flow by charging and 
discharging a capacitor which is performed through Switch 
ing operations by a plurality of integrated Switches, wherein 
at least one of Said plurality of integrated Switches is an 
LDMOS transistor comprising: 

an LDMOS (lateral double-diffusion MOS) transistor, 
said LDMOS transistor comprising: 

a Semiconductor Substrate; 

a gate oxide layer formed on Said Semiconductor Sub 
Strate having a uniform thickness, 

a gate electrode formed on Said gate oxide layer; 
a drain well region of a first conductivity type formed 

in a region including Said gate electrode, 
a channel well region of a Second conductivity type 

opposite to that of Said first conductivity type with an 
impurity concentration larger than that of Said drain 
well region, formed in Said drain well region having 
a partial overlap with Said gate electrode, 

a Source of Said first conductivity type formed contigu 
ously to one Side of Said gate electrode in Said 
channel well region; 

a medium concentration drain region of Said first con 
ductivity type with an impurity concentration larger 
than that of Said drain well region formed in Said 
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drain well region, having a partial Overlap with 
another side of Said gate electrode; and 

a drain of Said first conductivity type with an impurity 
concentration larger than that of Said medium con 
centration drain region, formed in Said medium 
concentration drain region spatially Separated from 
Said gate electrode. 

42. The charge pump-type DC/DC converter unit means 
according to claim 41, wherein Said medium concentration 
drain region has an impurity concentration Smaller than that 
of Said channel well region. 

43. The charge pump-type DC/DC converter unit means 
according to claim 41, further comprising: 

a conventional P-channel type MOS transistor; and 
a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of P-conductivity 

type, 

said LDMOS transistor is of P-channel type; 
two regions for forming therein Said P-channel type 
LDMOS transistor and said P-channel type MOS tran 
Sistor, respectively, are formed Simultaneously in an 
N-type isolation well region in Said Semiconductor 
Substrate; and 

a P-type drain well region for forming Said P-channel type 
LDMOS transistor and a P-type well region for forming 
said conventional N-channel type MOS transistor are 
formed simultaneously in said N-type isolation well 
region in Said Semiconductor Substrate. 

44. The charge pump-type DC/DC converter unit means 
according to claim 43, wherein Said gate oxide layer formed 
contiguously under said P-channel type LDMOS transistor 
has a thickness Smaller than that of Said conventional 
P-channel type and N-channel type MOS transistors, 
wherein Said thickness of conventional P-channel and 
N-channel type MOS transistors is approximately 65 nm 
thick. 

45. The charge pump-type DC/DC converter unit means 
according to claim 41, further comprising: 

a conventional P-channel type MOS transistor, 
wherein said semiconductor Substrate is of P-conductivity 

type, 

said LDMOS transistor is of N-channel type; and 
an N-type drain well region for forming Said N-channel 

type LDMOS transistor and an N-type well region for 
forming said conventional P-channel type MOS tran 
Sistor are formed Simultaneously in Said Semiconductor 
Substrate. 

46. The charge pump-type DC/DC converter means 
according to claim 45, wherein Said gate oxide layer formed 
contiguously under said N-channel type LDMOS transistor 
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has a thickness Smaller than that of Said conventional 
P-channel type MOS transistor, wherein said thickness of 
conventional P-channel type MOS transistor is approxi 
mately 65 nm thick. 

47. The charge pump-type DC/DC converter unit means 
according to claim 41, further comprising: 

a conventional P-channel type MOS transistor; and 
a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of N-conductiv 

ity type; 

said LDMOS transistor is of N-channel type; 
two regions for forming therein Said N-channel type 
LDMOS transistor and said N-channel type MOS tran 
Sistor, respectively, are formed Simultaneously in a 
P-type isolation well region in Said Semiconductor 
Substrate; and 

an N-type drain well region for forming Said N-channel 
type LDMOS transistor and an N-type well region for 
forming said conventional P-channel type MOS tran 
Sistor are formed Simultaneously in Said P-type isola 
tion well region in Said Semiconductor Substrate. 

48. The charge pump-type DC/DC converter unit means 
according to claim 47, wherein Said gate oxide layer formed 
contiguously under said N-channel type LDMOS transistor 
has a thickness Smaller than that of Said conventional 
P-channel type and N-channel type MOS transistors, 
wherein Said thickness of conventional P-channel and 
N-channel type MOS transistors is approximately 65 nm 
thick. 

49. The charge pump-type DCJDC converter unit means 
according to claim 41, further comprising: 

a conventional N-channel type MOS transistor; 
wherein said semiconductor Substrate is of N-conductiv 

ity type; 

said LDMOS transistor is of P-channel type; and 
a P-type drain well region for forming Said P-channel type 
LDMOS transistor and a P-type well region for forming 
said conventional N-channel type MOS transistor are 
formed Simultaneously in Said Semiconductor Sub 
Strate. 

50. The charge pump-type DC/DC converter unit means 
according to claim 49, wherein Said gate oxide layer formed 
contiguously under said P-channel type LDMOS transistor 
has a thickness Smaller than that of Said conventional 
N-channel type MOS transistor, wherein said thickness of 
conventional N-channel type MOS transistor is approxi 
mately 65 nm thick. 

51-92. (canceled) 


