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(57) ABSTRACT 

An SOI layer is formed so thick that a body region is not 
fully depleted under conditions of floating and a Zero 
potential. When a MOSFET operates, a negative body 
potential is applied to the body region through a body 
electrode. Thus, the body region is fully depleted. The 
MOSFET is formed equivalently to a conventional MOS 
FET of a PD mode as to the thickness of the SOI layer, and 
is equivalent to a MOSFET of an FD mode as to its 
operation. Therefore, both of advantages of a PD mode 
MOSFET such as low resistance in source/drain regions, 
easineSS in formation of a contact hole for a main electrode 
and Stability of a Silicide layer and an advantage of an FD 
mode MOSFET such as excellent Switching characteristics 
are compatibly implemented. 
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A PARTIALLY DEPLETED SOI BASED TFT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device having an SOI (semiconductor on insulator) MOS 
FET (metal oxide semiconductor field-effect transistor). 
0.003 2. Description of the Background Art 
0004 FIG. 27 is a front sectional view of a conventional 
semiconductor device 151 forming the background of the 
present invention. In this Semiconductor device 151, an 
insulator film 82 is formed on a semiconductor Substrate 81, 
and an SOI layer 83 containing silicon as base material is 
formed on the insulator film 82. Namely, the semiconductor 
device 151 is formed as an SOI semiconductor device. 

0005. As shown in FIG. 27, an n-channel MOSFET is 
provided in the semiconductor device 151. An n-conductiv 
ity type Source region 84, a p-conductivity type body region 
86 and an n-conductivity type drain region 85 are provided 
in the SOI layer 83. The body region 86 is formed to be held 
between the source region 84 and the drain region 85. The 
Source/drain regions 84 and 85 include n-conductivity type 
low-concentration regions 88 and 89 and n-conductivity 
type high-concentration regions 87 and 90 respectively. 
0006 Agate electrode 93 is opposed to the body region 
86 through a gate insulator film 97. Side walls 94 are formed 
on side Surfaces of the gate electrode 93 and the gate 
insulator film 97. A Source electrode Supplying a Source 
potential VS is connected to the Source region 84, and a drain 
electrode Supplying a drain potential Vd is connected to the 
drain region 85. 
0007 As shown in FIG. 27, a depletion layer 92 is 
formed in the body region 86 along p-n junctions. However, 
the SOI layer 83 is formed so sufficiently thick that the 
depletion layer 92 does not occupy the overall body region 
86 but leaves a p-type Semiconductor region 91 containing 
holes Serving as carriers in a lower portion of the body 
region 86. 
0008. In other words, the SOI-type MOSFET provided 
on the semiconductor device 151 is formed as a MOSFET 
operating in a partially depleted mode (hereinafter referred 
to as a PD mode). The MOSFET operating in the PD mode 
has characteristics Substantially equivalent to those of a bulk 
MOSFET since the depletion layer 92 does not reach the 
insulator film 82. 

0009 FIG. 28 illustrates a well-known semiconductor 
device 152 comprising a bulk MOSFET. This semiconductor 
device 152 comprises not a multilayer Substrate including a 
semiconductor Substrate 81, an insulator film 82 and an SOI 
layer 83, but a single semiconductor substrate 95. Source/ 
drain regions 84 and 85 and a body region 86 are selectively 
formed in an upper portion of the Semiconductor Substrate 
95. 

0010. As shown in FIG.28, a wide p-type semiconductor 
region 96 containing holes is present under a depletion layer 
92 in the bulk MOSFET. The bulk MOSFET is common in 
this point with the MOSFET operating in the PD mode, and 
hence the characteristics of the former are approximate to 
those of the latter. 
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0011. In still another conventional semiconductor device 
153 shown in FIG. 29, on the other hand, the thickness of 
an SOI layer 83 is by far smaller than that in the semicon 
ductor device 151 shown in FIG. 27. In a MOSFET pro 
vided on the semiconductor device 153, therefore, a deple 
tion layer 92 reaches an insulator film 82. 
0012. In other words, the SOI-type MOSFET provided 
on the semiconductor device 153 is formed as a MOSFET 
operating in a fully depleted mode (hereinafter referred to as 
an FD mode). 
0013 The MOSFET (hereinafter also referred to as the 
MOSFET of the FD mode) operating in the FD mode 
advantageously obtains an ideal S factor dissimilarly to the 
MOSFET (hereinafter also referred to as the MOSFET of the 
PD mode) operating in the PD mode. The S factor, which is 
also referred to as a Subthreshold coefficient, is defined as a 
Slope S of a leading edge in a transition curve showing the 
relation between the logarithm of a main current Id and a 
gate potential Vd, as shown in FIG. 30. The transition curve 
more sharply rises as the S factor reduces, to provide 
desirable Switching characteristics. 
0014) In the MOSFET of the FD mode, however, elec 
trical resistance of the source/drain regions 84 and 85 is high 
due to the small thickness of the SOI layer 83, leading to 
inferior Substantial characteristics as compared with the bulk 
MOSFET. In a step of forming contact holes for connecting 
main electrodes to the source/drain regions 84 and 85, the 
contact holes disadvantageously readily reach the insulator 
film 82 through the SOI layer 83 due to the small thickness 
thereof. In other words, it is difficult to connect the main 
electrodes to the source/drain regions 84 and 85. 
0015. When silicide layers are formed on Surfaces of the 
Source/drain regions 84 and 85 for reducing contact resis 
tance between the source/drain regions 84 and 85 and the 
main electrodes, the Silicide layers disadvantageously 
readily reach the insulator film 82 due to the small thickness 
of the SOI layer 83. The silicide layers are easy to separate 
when reaching the insulator film 82, as a matter of course. 
0016. On the other hand, the MOSFET of the PD mode 
having the thick SOI layer 83 causes no such problems of the 
MOSFET of the FD mode. However, the MOSFET of the 
PD mode cannot attain a Small S factor advantageously 
obtained in the MOSFET of the FD mode. In the MOSFET 
of the PD mode, further, the p-type semiconductor region 91 
located immediately under the depletion layer 92 is in a 
floating State to form an electroStatic capacitance between 
the p-type Semiconductor region 91 and the gate electrode 
93. Consequently, a gate threshold Voltage disadvanta 
geously fluctuates. 
0017. In addition, the p-type semiconductor region 91 
Stores holes and hence a parasitically formed npn bipolar 
transistor disadvantageously readily conducts. A leakage 
current increases following Such conduction of the parasitic 
bipolar transistor. 

SUMMARY OF THE INVENTION 

0018. A semiconductor device according to a first aspect 
of the present invention is provided with circuit elements in 
a Semiconductor chip having an SOI layer, and comprises a 
MOSFET and a power supply part as the circuit elements. 
The MOSFET comprises a source region and a drain region 
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selectively formed in the SOI layer and a body region held 
between the Source region and the drain region, the thickneSS 
of the SOI layer is set at a value not fully depleting the body 
region under a floating condition and a condition Supplied 
with the same potential as the Source region, and the power 
Supply part generates a Voltage of a constant level and 
Supplies the Voltage between the Source region and the body 
region in a direction for enlarging a depletion layer formed 
in the body region. 

0019. In the semiconductor device according to the first 
aspect of the present invention, the SOI layer is formed in a 
large thickness equivalently to the conventional MOSFET 
operating in the PD mode, whereby the resistance of the 
Source drain and the drain region is Suppressed low. Further, 
contact holes for connecting a main electrode to the Source 
region and the drain region are easy to form. In addition, a 
Semiconductor metal compound layer can be stably formed 
on Surfaces of the Source region and the drain region. 
Further, it is possible to drive the semiconductor device 
while applying a Substrate bias without floating the body 
region or equalizing the potential thereof to that of the 
Source region. Thus, the present invention relaxes or Solves 
the problems of an instable gate threshold Voltage and a 
large leakage current. 

0020) Further, no voltage for applying the substrate bias 
needs to be externally Supplied, whereby no terminal needs 
to be provided for relaying the Voltage for applying the 
Substrate bias. In addition, wires in the Semiconductor 
device can be reduced in length. Further, no specific power 
Source needs to be prepared for using the Semiconductor 
device, whereby the Semiconductor device is convenient to 
Sc. 

0021. A semiconductor device according to a second 
aspect of the present invention is provided with a circuit 
element in a Semiconductor chip having an SOI layer, and 
comprises a MOSFET as the circuit element. The MOSFET 
comprises a Source region and a drain region Selectively 
formed in the SOI layer and a body region held between the 
Source region and the drain region, the thickness of the SOI 
layer is Set at a value not fully depleting the body region 
under a floating condition and a condition Supplied with the 
Same potential as the Source region, and the Semiconductor 
device further comprises a terminal for being externally 
Supplied with a Voltage for relaying the Voltage to the Source 
region and the body region. 

0022. In the semiconductor device according to the sec 
ond aspect of the present invention, the SOI layer is formed 
in a large thickness equivalently to the conventional MOS 
FET operating in the PD mode, whereby the resistance of the 
Source drain and the drain region is Suppressed low. Further, 
contact holes for connecting a main electrode to the Source 
region and the drain region are easy to form. In addition, a 
Semiconductor metal compound layer can be stably formed 
on Surfaces of the Source region and the drain region. 
Further, it is possible to drive the semiconductor device 
while applying a Substrate bias without floating the body 
region or equalizing the potential thereof to that of the 
Source region. Thus, the present invention relaxes or Solves 
the problems of an instable gate threshold Voltage and a 
large leakage current. 
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0023. According to a third aspect of the present inven 
tion, the ratio L/W of the channel length L to the channel 
width W of the MOSFET is set Smaller than a Saturation start 
ratio. 

0024. In the semiconductor device according to the third 
aspect of the present invention, the ratio L/W is Set Smaller 
than the Saturation Start ratio, whereby the gate threshold 
voltage of the MOSFET is suppressed to a saturation value 
or below the same. 

0025 Therefore, the semiconductor device can operate 
with a low power Supply Voltage. 
0026 Further, it is possible to implement conversion 
from a PD mode to an FD mode by setting the voltage 
applied between the Source region and the body region at the 
level Saturating the gate threshold Voltage, thereby improv 
ing the Switching characteristics. 
0027 According to a fourth aspect of the present inven 
tion, the Voltage is Set at a level Saturating a gate threshold 
voltage of the MOSFET. 
0028. In the semiconductor device according to the fourth 
aspect of the present invention, the body region is Set at the 
level Saturating the gate threshold Voltage, whereby the 
MOSFET operates in an FD mode. Therefore, an ideal S 
factor is obtained to implement desirable Switching charac 
teristics. Further, the gate threshold Voltage is Saturated, 
whereby the Semiconductor device can operate with a low 
power Supply Voltage. In addition, conversion from the PD 
mode to the FD mode is implemented by applying the 
Voltage between the Source region and the body region, 
whereby the gate threshold Voltage is easy to Set. 
0029. According to a fifth aspect of the present invention, 
the MOSFET further comprises a gate electrode opposed to 
the body region through an insulator layer and made of a 
mid-gap material. 
0030. In the semiconductor device according to the fifth 
aspect of the present invention, the gate electrode is formed 
by the mid-gap material, whereby the gate threshold Voltage 
can be set relatively high. In other words, the gate threshold 
Voltage can be pulled up to a desired level by properly 
Selecting the mid-gap material for forming the gate electrode 
from various types of materials even if the gate threshold 
Voltage is Saturated. Thus, the degree of design freedom can 
be enlarged in relation to the gate threshold Voltage. 
0031. According to a sixth aspect of the present inven 
tion, the ratio L/W of the channel length L to the channel 
width W of the MOSFET is set larger than a saturation start 
ratio. 

0032. In the semiconductor device according to the sixth 
aspect of the present invention, the ratio L/W is set larger 
than the Saturation Start ratio, whereby the gate threshold 
Voltage can be increased due to a Substrate bias effect. 
0033 According to a seventh aspect of the present inven 
tion, the Semiconductor device further comprises a memory 
cell, a bit line connected to the memory cell and a Sense 
amplifier connected to the bit line, and the MOSFET is 
connected to the bit line as a bit line load. 

0034. In the semiconductor device according to the sev 
enth aspect of the present invention, the MOSFET having 
the gate threshold Voltage increased by the Substrate bias 



US 2001/0045602 A1 

effect is employed as the bit line load, whereby the gain of 
the Sense amplifier is improved. 
0.035 A semiconductor device according to an eighth 
aspect of the present invention is provided with circuit 
elements in a Semiconductor chip having an SOI layer, and 
comprises first and second MOSFETs and a power supply 
line as the circuit elements. 

0036) Each of the first and second MOSFETs comprises 
a Source region and a drain region Selectively formed in the 
SOI layer and a body region held between the Source region 
and the drain region, the thickness of the SOI layer is Set at 
a value not fully depleting the body region of each of the first 
and second MOSFETs under a floating condition and a 
condition Supplied with the same potential as the Source 
region, both of the Source region and the body region 
belonging to the first MOSFET are connected to the power 
supply line, the first MOSFET intervenes between the source 
region belonging to the second MOSFET and the power 
Supply line, the body region belonging to the Second MOS 
FET is connected to the power supply line, the ratio L/W of 
the channel length L to the channel width W of the first 
MOSFET is set larger than a saturation start ratio, and the 
ratio L/W of the channel length L to the channel width W of 
the second MOSFET is set Smaller than a Saturation start 
ratio. 

0037. In the semiconductor device according to the 
eighth aspect of the present invention, the Voltage applied 
between the Source region and the body region of the Second 
MOSFET is higher than that in the first MOSFET. On the 
other hand, the ratio L/W is set larger than the Saturation 
start ratio in the first MOSFET and Smaller than the Satu 
ration start ratio in the second MOSFET respectively, 
whereby equality in the gate threshold Voltages is improved 
between the first and Second MOSFETs. 

0.038 According to a ninth aspect of the present inven 
tion, either the channel lengths or the channel widths are Set 
at the same value between the first and second MOSFETs. 

0039. In the semiconductor device according to the ninth 
aspect of the present invention, either the channel lengths or 
the channel widths are Set at a common value while only the 
channel widths or the channel lengths are set at different 
values. 

0040. Therefore, the semiconductor device is advanta 
geously easy to design in pattern or the like. 
0041 According to a tenth aspect of the present inven 
tion, a Semiconductor metal compound layer is formed on 
Surfaces of the Source region and the drain region. 
0042. In the semiconductor device according to the tenth 
aspect of the present invention, the Semiconductor metal 
compound layer is formed on the Surfaces of the Source 
region and the drain region, whereby contact resistance 
between these regions and the main electrodes can be 
suppressed low. Further, the SOI layer is formed in a large 
thickness equivalently to the conventional MOSFET oper 
ating in the PD mode, whereby the semiconductor metal 
compound layer is hard to Separate and Stabilized. 
0043. Thus, an object of the present invention is to obtain 
a Semiconductor device compatibly implementing the 
advantages of both conventional MOSFETs of the PD and 
FD modes. 
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0044) The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIG. 1 is a front sectional view showing a semi 
conductor device according to an embodiment 1 of the 
present invention; 
0046 FIG. 2 illustrates operations of the semiconductor 
device according to the embodiment 1; 
0047 FIG. 3 schematically illustrates the overall semi 
conductor device according to the embodiment 1; 
0048 FIG. 4 schematically illustrates the overall struc 
ture of another Semiconductor device according to the 
embodiment 1; 
0049 FIG. 5 is a perspective view showing an exemplary 
body region according to the embodiment 1; 
0050 FIG. 6 is a perspective view showing another 
exemplary body region according to the embodiment 1; 
0051 FIG. 7 is a perspective view showing still another 
exemplary body region according to the embodiment 1; 
0052 FIG. 8 is a sectional view taken along the line X-X 
in FIG. 7; 
0053 FIG. 9 is an explanatory diagram in the form of a 
table showing the characteristics of the Semiconductor 
devices shown in FIGS. 5 to 8 in comparison with each 
other; 
0054 FIG. 10 is a graph showing results of an experi 
ment in relation to Vth vs. Vb characteristics; 
0055 FIG. 11 is a front sectional view showing other 
conductivity types of the Semiconductor device according to 
the embodiment 1; 
0056 FIG. 12 schematically illustrates other conductiv 
ity types of the Semiconductor device according to the 
embodiment 1; 
0057 FIG. 13 schematically illustrates other conductiv 
ity types of the Semiconductor device according to the 
embodiment 1; 
0.058 FIG. 14 is a front sectional view showing other 
exemplary Source/drain regions according to the embodi 
ment 1; 
0059 FIG. 15 is an explanatory diagram showing the 
background of a Semiconductor device according to an 
embodiment 2 of the present invention; 
0060 FIG. 16 is an explanatory diagram showing the 
background of the Semiconductor device according to the 
embodiment 2 of the present invention; 
0061 FIG. 17 is a front sectional view showing the 
Semiconductor device according to the embodiment 2, 
0062 FIG. 18 is a band diagram illustrating operations of 
the Semiconductor device according to the embodiment 2, 
0063 FIG. 19 is a band diagram illustrating operations of 
the Semiconductor device according to the embodiment 2, 
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0.064 FIG.20 is a band diagram illustrating operations of 
the Semiconductor device according to the embodiment 2, 
0065 FIG.21 is a band diagram illustrating operations of 
the Semiconductor device according to the embodiment 2, 
0.066 FIG. 22 is a circuit diagram of a semiconductor 
device according to an embodiment 3 of the present inven 
tion; 
0067 FIG. 23 is a circuit diagram of another semicon 
ductor device according to the embodiment 3 of the present 
invention; 
0068 FIG. 24 is a circuit diagram of still another semi 
conductor device according to the embodiment 3 of the 
present invention; 
0069 FIG. 25 is an explanatory diagram showing the 
principle of a Semiconductor device according to an embodi 
ment 4 of the present invention; 
0070 FIG. 26 is a circuit diagram of a semiconductor 
device according to an embodiment 5 of the present inven 
tion; 
0071 FIG. 27 is a front sectional view of a conventional 
Semiconductor device; 
0072 FIG. 28 is a front sectional view of another con 
ventional Semiconductor device; 
0073 FIG. 29 is a front sectional view of still another 
conventional Semiconductor device; and 

0074 FIG. 30 is a graph for illustrating an S factor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0075) <1. Embodiment 1 > 
0.076 First, a semiconductor device according to an 
embodiment 1 of the present invention is described. 
0.077 <1-1. Characteristic Structure and Operation of 
Semiconductor Device> 

0078 FIG. 1 is a front sectional view of a semiconductor 
device 30 according to the embodiment 1. In this semicon 
ductor device 30, an insulator film 2 is formed on a semi 
conductor Substrate 1 and an SOI layer 3 is further formed 
on the insulator film 2. In other words, the Semiconductor 
device 30 is formed as an SOI semiconductor device. The 
Semiconductor Substrate 1 is a Silicon Substrate, for example. 
The insulator layer 2, which is also referred to as a buried 
oxide film in general, is formed as a film of a Silicon oxide, 
for example. Further, the SOI layer 3 is formed as a silicon 
layer, for example. 

0079 An n-channel MOSFET 32 is built into the semi 
conductor device 30. In the SOI layer 3 defining upper and 
lower major Surfaces, an n-conductivity type Source region 
4, a p-conductivity type body region 5 and an n-conductivity 
type drain region 6 are formed along the major Surfaces. The 
body region 5 is held between the source region 4 and the 
drain region 6. In other words, the body region 5 is formed 
to isolate the Source region 4 and the drain region 6 from 
each other. 

0080 A gate insulator film 19 is formed on a part of the 
upper major Surface of the SOI layer 3 exposing the body 
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region 5, i.e., an exposed Surface of the body region 5, and 
a gate electrode 13 is formed on the gate insulator film 19. 
In other words, the gate electrode 13 is opposed to the 
exposed Surface of the body region 5 through the gate 
insulator film 19. 

0081 Side walls 14 made of an insulator are formed on 
Side Surfaces of the gate electrode 13 and the gate insulator 
film 19. When the SOI layer 3 is formed as a silicon layer, 
the gate insulator film 19 is preferably made of a silicon 
oxide. The gate electrode 13 comprises a polycrystalline 
semiconductor layer 20 doped with an impurity. This poly 
crystalline Semiconductor layer 20 is preferably a polysili 
con layer doped with an impurity. Further, the side walls 14 
are preferably made of a Silicon oxide. 
0082) The source/drain regions 4 and 6 (throughout the 
Specification, the Source region 4 and the drain region 6 are 
generically referred to as "Source/drain regions 4 and 6') are 
formed in the following manner, for example: First, the SOI 
layer 3 is formed on the insulator film 2 as a p-conductivity 
type Silicon Substrate, and thereafter the gate insulator film 
19 and the gate electrode 13 are formed on a prescribed 
portion of the upper major surface of the SOI layer 3. 
0083. Then, the gate electrode 13 is employed as a 
Screen, for Selectively implanting an n-type impurity Such as 
phosphorus into the upper major Surface in a low concen 
tration and diffusing the Same. Consequently formed are 
n-conductivity type low-concentration regions 8 and 9. At 
this time, the low-concentration regions 8 and 9 are Selec 
tively exposed on the upper major Surface of the SOI layer 
3 to leave a p-conductivity type Semiconductor region 
immediately under the gate electrode 13. The low-concen 
tration regions 8 and 9 may be shallowly formed not to reach 
the lower major surface of the SOI layer 3, as shown in FIG. 
1. 

0084. Then, the side walls 14 are formed on the side 
Surfaces of the gate electrode 13 and the gate insulator film 
19. Thereafter the gate electrode 13 and the side walls 14 are 
employed as Screens for Selectively implanting an n-type 
impurity Such as phosphorus into the upper major Surface of 
the SOI layer 3 in a high concentration and diffusing the 
Same. Consequently formed are n-conductivity type high 
concentration regions 7 and 10. The high-concentration 
regions 7 and 10 are Selectively exposed on the upper major 
surface of the SOI layer 3, and deeply formed to reach the 
lower major surface of the SOI layer 3. 
0085 Consequently, a p-type semiconductor region is left 
under the gate electrode 13 as the body region 5. The 
high-concentration regions 7 and 10 are So formed that 
edges thereof in the upper Surface of the SOI layer 3 occupy 
positions retreating from those of the low-concentration 
regions 8 and 9. In other words, p-n junctions between the 
body region 5 and the Source/drain regions 4 and 6 are 
formed as those between the body region 5 and the low 
concentration regions 8 and 9 at least on an upper layer part 
of the SOI layer 3. 
0086. In order to merely implement the essential func 
tions of the Source/drain regions 4 and 6, only the high 
concentration regions 7 and 10 may be formed. However, 
the intensity of an electric field applied to a depletion layer 
formed along the p-n junctions is increased as the impurity 
concentration in each of the p and in layerS is increased. Such 
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an intense electric field exerts unpreferable influence on 
breakdown voltage of the Semiconductor device or the like. 
When the low-concentration regions 8 and 9 are formed, on 
the other hand, the electric field applied to the depletion 
layer is weakened. No current flows in the body region 5 
except an upper part thereof, and hence only the upper part 
may form junctions with the low-concentration regions 8 
and 9. 

0087. The source/drain regions 4 and 6 and the body 
region 5 are formed through the aforementioned StepS. 
Silicide layers (generally Semiconductor-metal compound 
layers) 21 and 22 are formed on exposed Surfaces of the 
high-concentration regions 7 and 10 covered with neither the 
gate insulator film 19 nor the side walls 14 in the upper 
major surface of the SOI layer 3. Similarly, a silicide layer 
(generally a semiconductor-metal compound layer) 23 is 
formed on the upper Surface of the polycrystalline Semicon 
ductor layer 20. These silicide layers 21, 22 and 23 are 
formed by Siliciding the exposed Surfaces of the high 
concentration regions 7 and 10 and the upper Surface of the 
polycrystalline Semiconductor layer 20 in a well-known 

C. 

0088 Surfaces of the silicide layers 21 and 22, the gate 
electrode (including the polycrystalline Semiconductor layer 
20 and the silicide layer 23) 13 and the side walls 14 are 
covered with an insulator layer 17. A Source electrode (main 
electrode) 15 and a drain electrode (main electrode) 17 are 
connected to the Silicide layerS 21 and 22 through contact 
holes formed in the insulator layer 17 respectively. In other 
words, the Source/drain regions 4 and 6 are connected to the 
main electrodes 15 and 16 through the silicide layers 21 and 
22 having low resistance respectively. Thus, contact resis 
tance between the Source/drain regions 4 and 6 and the main 
electrodes 15 and 16 are suppressed low. 
0089. As shown in FIG. 1, a depletion layer 12 is formed 
in the body region 5 along the p-n junctions. The thickneSS 
of the depletion layer 12 is large in a region adjacent to the 
low-concentration region 9 and Small in a region adjacent to 
the high-concentration region 10. Whether the body region 
5 is under a floating condition or Supplied with the same 
potential as the Source region 4, the depletion layer 12 does 
not occupy the Overall body region 5 but leaves a p-type 
Semiconductor region 11 formed with no depletion layer in 
a lower portion of the body region 5, i.e., in a region close 
to the lower major surface of the SOI layer 3. 
0090. In the semiconductor device 30, the SOI layer 3 is 
set at a thickness equivalent to that of the SOI layer 83 of the 
conventional semiconductor device 151 operating in the PD 
mode. In the MOSFET 32 formed in this semiconductor 
device 30, however, a potential different from both of a 
Source potential VS applied to the Source electrode 15 and a 
drain potential Vd applied to the drain electrode 16 can be 
supplied to the body region 5 as a body potential Vb. In this 
point, the Semiconductor device 30 is characteristically 
different from the conventional device 151. 

0091 FIG. 2 illustrates exemplary relation between the 
potentials applied to the electrodes of the MOSFET 32. As 
shown in FIG. 2, a ground potential (zero potential) GND 
is Supplied as the Source potential VS, for example. The drain 
electrode 16 is connected to a power Supply potential Vcc 
through a load R, for example, whereby a potential depend 
ing on a main current (drain current) Id is applied as the 
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drain potential Vd. A control Signal is applied to the gate 
electrode 13 as a gate potential Vg. The load R is formed by 
another MOSFET, for example. 
0092. When the gate potential Vg is at a high level 
beyond a positive gate threshold Voltage Vth specific to the 
MOSFET 32, an inversion layer (also referred to as a 
channel) is formed in the upper part of the body region 5, to 
feed the main current Id. In other words, the MOSFET 32 
enters a conducting State. When the gate potential Vg is 
lower than the gate threshold voltage Vith, on the other hand, 
no inversion layer is formed in the body region 5 and 
substantially no main current Id flows. In other words, the 
MOSFET32 enters a cutoff state. Thus, the level of the main 
current Id is controlled in response to that of the gate 
potential Vg in the MOSFET 32. 
0093. In the MOSFET 32, further, a negative potential 
Sufficiently lower than the Source potential VS is Supplied as 
the body potential Vb. In other words, a sufficiently high 
Substrate bias is applied. Consequently, the depletion layer 
12 enlarges in the body region 5 to reach the lower major 
surface of the SOI layer 3, thereby fully depleting the body 
region 5. Namely, the MOSFET 32 is equivalent to the 
MOSFET of the FD mode in operation. In other words, The 
MOSFET 32 is formed equivalently to the MOSFET of the 
PD mode and operates as an FD-mode MOSFET. 
0094 Thus, the MOSFET 32 operates in the FD mode, 
thereby obtaining an ideal S factor Similarly to the conven 
tional semiconductor device 153. In other words, the MOS 
FET 32 attains desirable switching characteristics. Further, 
no leakage current flows through the p-type Semiconductor 
region 11 and the gate threshold voltage Vth is hard to 
fluctuate. 

0.095). In addition, the SOI layer3 for the MOSFET 32 is 
formed in a large thickness similarly to the MOSFET of the 
PD mode, whereby the source/drain regions 4 and 6 have 
low resistance to cause no deterioration of characteristics. 
Further, the contact holes for receiving the main electrodes 
15 and 16 therein do not pass through the SOI layer 3, and 
excellent contact is implemented between the main elec 
trodes 15 and 16 and the source/drain regions 4 and 6. 
0096) The SOI layer 3 is formed so thick that the silicide 
layerS 21 and 22 can be readily formed on the exposed 
Surfaces of the Source/drain regions 4 and 6 without reaching 
the lower major surface of the SOI layer 3, as shown in 
FIGS. 1 and 2. In other words, the silicide layers 21 and 22 
can be readily formed in an inseparable and Stable configu 
ration. Thus, the semiconductor device 30 solves the prob 
lems of the conventional semiconductor devices 151 and 
153 while compatibly implementing the advantages thereof. 
0097 FIG. 3 is a schematic diagram showing the overall 
structure of the semiconductor device 30. The semiconduc 
tor device 30 comprises a single semiconductor chip 31 of 
an SOI type having the Semiconductor Substrate 1, the 
insulator film 2 and the SOI layer 3. The aforementioned 
MOSFET 32 is built into this semiconductor chip 31. The 
MOSFET 32 may be single or plural. In general, another 
MOSFET (not shown) is built into the same semiconductor 
chip 31 in addition to the MOSFET 32. 
0098. The semiconductor device 30 comprises a ground 
potential terminal 33 and a power supply terminal 35 for 
externally Supplying the ground potential GND and the 
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positive power Supply potential Vcc to various elements 
built into the Semiconductor chip 31 respectively, as well as 
a body potential terminal 34 for Supplying the body potential 
Vb. When the semiconductor device 30 is used, the ground 
potential GND and the positive power supply potential Vcc 
are Supplied to the ground potential terminal 33 and the 
power supply potential terminal 35 respectively. Further, the 
body potential terminal 34 is Supplied with the negative 
body potential Vb sufficient for fully depleting the MOSFET 
32. The ground potential GND, the body potential Vb and 
the power Supply potential Vc Supplied to the terminals 33, 
34 and 35 are transmitted to the various elements built into 
the semiconductor chip 31 through wires 36, 37 and 38 
respectively. 
0099 <1-2. Device Provided with Power Source> 
0100. The semiconductor device 30 is so formed that the 
body potential Vb can be externally supplied. When a power 
Supply part for Supplying the body potential Vb, which is 
negative with reference to the Source potential VS, Suffi 
ciently large for fully depleting the MOSFET 32 to the 
MOSFET 32 is built into the semiconductor chip 31, how 
ever, the body potential terminal 34 can be removed. FIG. 
4 is a Schematic diagram showing a Semiconductor device 
40 having Such a structure. 
0101. In the semiconductor device 40 shown in FIG. 4, 
an SOI Semiconductor chip 41 comprises a power Supply 
part 42 in addition to a MOSFET 32. The power supply part 
42 supplies the MOSFET 32 with a body potential Vb 
sufficiently lower than a source potential Vs for fully deplet 
ing the MOSFET 32. The power supply part 42 is supplied 
with a ground potential GND and a power Supply potential 
Vcc, and generates the negative body potential Vb lower 
than the ground potential GND on the basis of the difference 
between the potentials GND and Vcc. The power supply part 
42 transmits the generated body potential Vb to the MOS 
FET 32 through a wire 43. 
0102) Thus, the semiconductor device 40 comprises the 
power Supply part 42 for Supplying the body potential Vb, 
whereby the body potential Vb may not be externally 
supplied. Therefore, the body potential terminal 34 (FIG. 3) 
can be removed and the wire 37 (FIG.3) is replaced with the 
shorter wire 43. As understood from that a DRAM generally 
comprises a power Supply part, it is not technically difficult 
to provide the power Supply part 42 in the Semiconductor 
device 40. 

0103) <1-3. Shape of Body Region> 
0104 FIGS. 5 to 8 show exemplary shapes of the body 
region. In a MOSFET 50 included in a semiconductor device 
shown in FIG. 5, a body region 5 and body regions 54 are 
integrated with each other to have an H-shaped plane. Agate 
electrode 13 is opposed to both of the body regions 5 and 54 
through gate insulator films 19. 
0105 The body regions 54 are simultaneously formed 
with the body region 5 when source/drain regions 4 and 6 are 
selectively formed on an SOI layer 3. In the integrated body 
region having the H-shaped plane, the body region 5 cor 
responds to a region held between the Source and drain 
regions 4 and 6 with an inversion layer to be formed in an 
upper part thereof. The body regions 54 correspond to 
regions not held between the Source and drain regions 4 and 
6. Therefore, no inversion layers are formed on the body 
regions 54. 
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0106 P-conductivity type body contact regions 45 are 
formed to be adjacent to the body regions 54. Body elec 
trodes 46 are connected to these body contact regions 45 
through contact holes formed in an insulator layer 17 (not 
shown). A body potential Vb is transmitted to the body 
region 5 through the body electrodes 46, the body contact 
regions 45 and the body regions 54. 
0107 Isolation insulator layers 47 are formed around the 
MOSFET 50. These isolation insulator layers 47 electrically 
isolate the MOSFET 50 from other elements formed in 
external regions. The isolation insulator layerS 47 are made 
of a silicon oxide, for example. Referring to FIG. 5, symbols 
L and W denote the length of the body region 5, i.e., a 
channel length, and the width of the body region 5, i.e., a 
channel width respectively. Optimum ranges for the channel 
length L and the channel width W are described later. 
0108). In a MOSFET 51 included in a semiconductor 
device shown in FIG. 6, a body region 5 and a body region 
54 are integrated with each other to have a T-shaped plane. 
Also in the MOSFET 51, a gate electrode 13 is opposed to 
both of the body regions 5 and 54 through a gate insulator 
film 19. A body contact region 45 for connecting a body 
electrode 46 is formed adjacently to the body region 54. 
Further, isolation insulator layers 47 are formed around the 
MOSFET 51. 

0109) In a semiconductor device shown in FIGS. 7 and 
8, two MOSFETs 52 and 53 are formed adjacently to each 
other. FIG. 7 is a plan sectional view, and FIG. 8 is a 
sectional view taken along the line X-X in FIG. 7. In each 
of the MOSFETs 52 and 53, a body region 54 is annularly 
formed to be integrally connected with both ends of a body 
region 5 along the direction of its channel width W and 
enclose Source/drain regions 4 and 6. Such annular body 
regions 54 of the adjacent MOSFETs 52 and 53 are adjacent 
to each other to be integrally coupled with each other. 
0110. A body contact region 45 is annularly formed to 
enclose both of the body regions 54 belonging to the 
MOSFETs 52 and 53 respectively. Therefore, a body poten 
tial Vb supplied to the body contact region 45 is transmitted 
to the body regions 54 and the body regions 5 of the 
MOSFETs 52 and 53 in common. In other words, the body 
potential Vb is common to the MOSFETs 52 and 53 in this 
Semiconductor device. 

0111. In this semiconductor device, gate electrodes 13 are 
formed to cover overall exposed surfaces of body regions 5 
and parts of those of the body regions 54, and field elec 
trodes 55, provided independently of the gate electrodes 13, 
are formed to cover the overall exposed surfaces of the body 
regions 54. The field electrodes 55 are opposed to the 
exposed Surfaces of the body regions 54 through insulator 
films (not shown). 
0112 As shown in FIG. 8, a ground potential GND is 
supplied to the field electrodes 55. Thus, the MOSFETs 52 
and 53 are electrically isolated from other elements (not 
shown) formed around the same. In other words, the Semi 
conductor device shown in FIGS. 7 and 8 attains element 
isolation by the field electrodes 55 in place of the isolation 
insulator layers 47 (FIGS. 5 and 6). The semiconductor 
device shown in FIGS. 7 and 8 employing field shield 
isolation can improve the degree of integration of elements 
as compared with the Semiconductor devices shown in 
FIGS. 5 and 6 employing insulator layer isolation. 
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0113 FIG. 9 is an explanatory diagram showing the 
characteristics of the three Semiconductor devices shown in 
FIGS. 5 to 8 in comparison with each other in the form of 
a table. “Degree of body fixation”, indicating how the 
potential at which the overall body region 5 is fixed is close 
to the body potential Vb on the average, depends on elec 
trical resistance along a path between the body contact 
region 45 and the body region 5 through the body region(s) 
54. The potential at which the body region 5 is fixed 
approximates the body potential Vb as the electrical resis 
tance is reduced. 

0114) In each of the MOSFET 50 (FIG. 5) and the 
MOSFETs 52 and 53 (FIGS. 7 and 8), the degree of body 
fixation is higher Since both end portions of the body region 
5 along the channel width W is connected to the body 
region(s)54. In the MOSFET 51 (FIG. 6), on the other hand, 
the degree of body fixation is lower Since only one end of the 
body region 5 along the channel width Wis connected to the 
body region 54. 
0115 The parasitic capacitance between the gate elec 
trode 13 and the body regions 5 and 54 increases as the 
opposite area therebetween increases. Thus, the parasitic 
capacitance in the MOSFET 50 (FIG. 5) is at the maximum 
and that of the MOSFET 51 (FIG. 6) is at a smaller value. 
In each of the MOSFETs 52 and 53 (FIGS. 7 and 8), the 
gate electrode 13 merely covers the body region 5 and a part 
of the body region 54 while the field electrode 55 is 
positioned between the gate electrode 13 and the body 
region 54. Therefore, the parasitic capacitance between the 
gate electrode 13 and the body regions 5 and 54 is smaller 
than that in the MOSFET 51. 

0116) <1-4. Optimum Range of Channel Width We 
0117 FIG. 10 is a graph showing the relation between 
the gate threshold voltage Vth and the body potential Vb 
with reference to various channel widths W. This graph 
shows results of Verification made by Setting the channel 
length L and the thickness T of the SOI layer 3 at 0.35 um 
and 100 nm respectively and confirmed through experiments 
and Simulations. 

0118. As shown in FIG. 10, the gate threshold voltage 
Vth increases as the body potential Vb increases in the 
negative direction. When the channel width W is in excess 
of a certain reference width (hereinafter referred to as 
“saturation start width”, which is 0.8 um in this example), 
however, the gate threshold Voltage Vth remains Substan 
tially constant and does not conspicuously increase even if 
the body potential Vb increases in the negative direction 
beyond a certain reference body potential Vbo(<0). 
0119) Namely, saturation appears in the relation between 
the gate threshold voltage Vth and the body potential Vb 
when the channel width W is in excess of the Saturation start 
width. This is because the depletion layer 12 enlarges as the 
body potential Vb increases in the negative direction Such 
that the depletion layer 12 reaches the insulator film 12 to 
fully deplete the body region 5 when the channel width W 
is in excess of the Saturation Start width and the body 
potential Vb exceeds the reference body potential Vb0, in 
particular. In other words, a Saturated State of the gate 
threshold voltage Vth corresponds to the FD mode. 
0120) If the channel width W is smaller than the Satura 
tion start width (0.8 um), on the other hand, no Saturation 

Nov. 29, 2001 

appears but the gate threshold Voltage Vth continuously 
increases if the body potential Vb increases in the negative 
direction. This phenomenon is referred to as a Substrate bias 
effect. This means that the depletion layer 12 does not reach 
the insulator film 2 although the same continuously enlarges 
when the channel width Wis Smaller than the Saturation start 
width (0.8 um) even if the body potential Vb increases in the 
negative direction, and hence no transition from the PD 
mode to the FD mode takes place. The saturation start width 
(0.8 um) generally depends on the thickness T and the 
channel length L. General relation between these variables 
is described later. 

0121. As hereinabove described, the channel width W 
must be set at a value larger than the Saturation Start width, 
which is a reference width decided through the thickness T 
and the channel length L. In addition, the body potential Vb 
must be set at a value larger than the reference body potential 
Vb0 (<0) in the negative direction. When the reference body 
potential Vb0 is -0.2V, for example, the body potential Vb 
is set at -0.4V. 

0122) When the channel width W is set at a value larger 
than the saturation start width, the FD mode can be imple 
mented while the gate threshold Voltage Vth can be Sup 
pressed low by Suppressing appearance of the Substrate bias 
effect. In other words, a Semiconductor device operating 
with a low Voltage is readily implemented. Further, high 
breakdown voltage can also be attained due to the FD mode 
operation of the Semiconductor device. 

0123. In addition, the impurity concentration of the SOI 
layer 3 is set at a high level to some extent in the MOSFET 
according to the embodiment 1 of the present invention, 
similarly to the conventional semiconductor device 153 
operating in the PD mode. In operation, the MOSFET is 
converted to a state operable in the FD mode due to 
application of the body potential Vb exceeding the reference 
body potential Vb0. Thus, there is no apprehension that the 
gate threshold Voltage Vth excessively reduces but the gate 
threshold voltage Vth is easy to set. This is described in 
relation to an embodiment 2 of the present invention. 
0124) <1-5. Exemplary PMOSFETs 
0.125 While the above description has been made with 
reference to an n-channel MOSFET, the MOSFET formed in 
the Semiconductor device according to this embodiment may 
be of a p-channel type, in place of the n-channel type. In 
such a p-channel MOSFET, conductivity types of respective 
Semiconductor regions and potentials applied to respective 
electrodes may be Symmetrized with respect to the n-chan 
nel MOSFET 

0126 FIGS. 11 to 13 show PMOSFETs (p-channel MOS 
FETs) corresponding to the NMOSFETs (n-channel MOS 
FETs) shown in FIGS. 2 to 4 respectively. Referring to 
FIGS. 11 to 13, parts identical or corresponding to (having 
the same functions as) those of the Semiconductor devices 
shown in FIGS. 2 to 4 are denoted by the same reference 
numerals, to omit redundant description. Referring to FIG. 
11 showing a front sectional view, a body region 5 is formed 
as an n-conductivity type Semiconductor region and Source/ 
drain regions 4 and 6 are formed as p-conductivity type 
semiconductor regions in a p-channel MOSFET 32a 
included in a Semiconductor device 30a. High-concentration 
regions 7 and 10 belonging to the Source/drain regions 4 and 



US 2001/0045602 A1 

6 are formed as p-conductivity type Semiconductor regions, 
and low-concentration regions 8 and 9 are formed as p-con 
ductivity type Semiconductor regions. 
0127. A potential lower than a source potential Vs is 
supplied as a drain potential Vd. Further, a body potential Vb 
is set at a value higher than a reference body potential Vb0 
(>Vcc), whereby a depletion layer 12 of the body region 5 
reaches a lower major surface of an SOI layer 3 to imple 
ment an FD mode, as shown in FIG. 11. 
0128. When a gate potential Vg drops beyond a value 
lower than a power Supply potential Vcc by a gate threshold 
Voltage Vith, an inversion layer is formed on the body region 
5. Throughout the Specification, the gate threshold Voltage 
Vth is based on the Source potential VS, and as to the Sign 
therefor, a positive Voltage is regarded as positive in the 
n-channel MOSFET while a negative voltage direction is 
regarded as positive in a p-channel MOSFET. In both of 
n-channel and p-channel MOSFETs, therefore, the expres 
sion “the gate threshold voltage Vth is high” corresponds to 
Such a State that an inversion layer is hard to form. 
0129. As shown in FIG. 12, the semiconductor device 
30a is provided with a body potential terminal 34 for 
externally Supplying the body potential Vb, Similarly to the 
semiconductor device 30. As compared with the semicon 
ductor device 30, the functions of a ground potential termi 
nal 33 and a power Supply potential terminal 35 are opposed 
to each other, such that the terminal 33 is supplied with the 
power Supply potential Vcc and the terminal 35 is Supplied 
with the ground potential GND. In other words, the terminal 
33 is a power Supply potential terminal and the terminal 35 
is a ground potential terminal in the Semiconductor device 
30a. The body potential terminal 34 is supplied with the 
body potential Vb which is higher than the reference body 
potential Vb0 (>Vcc). Consequently, the p-channel MOS 
FET 32a operates in the FD mode. 
0130. A semiconductor device 4.0a shown in FIG. 13 
Stores a power Supply part, Similarly to the Semiconductor 
device 40 shown in FIG. 4. In other words, a semiconductor 
chip 41a comprises a power Supply part 42a. The power 
Supply part 42a is Supplied with a ground potential GND and 
a power Supply potential Vcc, and generates a body potential 
Vb which is higher than a reference body potential Vb0 
(>Vcc). The generated body potential Vb is transmitted from 
the power supply part 42a to a MOSFET 32a through a wire 
43. 

0131. As hereinabove described, this embodiment is 
applicable to both of a Semiconductor device having an 
NMOSFET and a semiconductor device having a PMOS 
FET. It is possible to drive each of the NMOSFET and the 
PMOSFET in the FD mode by supplying a sufficient poten 
tial in a direction for enlarging the depletion layer 12 as the 
body potential Vb. In relation to supply of the prescribed 
potential Vb, it is both effective to externally apply the body 
potential Vb through the body potential terminal 34, and to 
Store a power Supply part for generating the body potential 
Vb in the semiconductor device. 

0132) <1-6. Example Provided with No Silicide Layers 
0133. In the semiconductor device according to this 
embodiment, the SOI layer 3 is thickly formed similarly to 
the conventional Semiconductor device operating in the PD 
mode. AS already described, therefore, the Silicide layerS 21 
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and 22 can be stably formed on the surfaces of the source/ 
drain regions 4 and 6, thereby advantageously Suppressing 
contact resistance between the Source/drain regions 4 and 6 
and the main electrodes 15 and 16. Further, the silicide layer 
23 can be simultaneously formed on the Surface of the gate 
electrode 13 in the process of forming the silicide layers 21 
and 22 as illustrated in FIG. 1, thereby advantageously 
Suppressing wiring resistance of the gate electrode 13. 

0.134. However, a semiconductor device 56 according to 
this embodiment may also have no Silicide layerS 21, 22 and 
23, as illustrated in FIG. 14. A MOSFET 57 provided in the 
semiconductor device 56 shown in FIG. 14 has neither 
silicide layers 21 and 22 nor silicide layer 23. Source/drain 
regions 4 and 6 are directly connected to main electrodes 15 
and 16 respectively. 

0135) In the MOSFET 57 provided with no silicide layers 
21 and 22, contact resistance between the Source/drain 
regions 4 and 6 and the main electrodes 15 and 16 is higher 
than the same in the MOSFET 32 or the like. Also in the 
MOSFET 57, however, an SOI layer 3 is thickly formed 
similarly to the conventional semiconductor device 151 
operating in the PD mode, whereby the Source/drain regions 
4 and 6 have low resistance to cause no deterioration of the 
characteristics. 

0136 Further, the MOSFET 57 operates in the FD mode, 
thereby obtaining an ideal S factor, Similarly to the conven 
tional semiconductor device 153. In other words, desirable 
Switching characteristics can be obtained. Further, no leak 
age current flows through a p-type Semiconductor region 11. 

0137) <2. Embodiment 2> 
0138 FIGS. 15 and 16 are explanatory diagrams show 
ing the background of an embodiment 2 of the present 
invention. As shown in FIG. 15, a depletion layer 12 
enlarges as a gate potential Vg applied to a gate electrode 13 
increases. In other words, the front of the depletion layer 12 
moves along arrow 60 to Separate from the gate electrode 13. 
This is because holes h" in a p-type Semiconductor region 11 
must Separate from the gate electrode 13 thereby facilitating 
appearance of a large number of Space charges created by 
negative ions A" of acceptors, in order to cancel an electric 
field formed by the gate potential Vg to act on the holes h". 
0.139. When the gate potential Vg increases beyond a gate 
threshold voltage Vith, however, an inversion layer (channel) 
61 appears in an upper part of a body region 5 opposed to 
the gate electrode 13, as shown in FIG. 16. Since electrons 
Serving as carriers appear in the inversion layer 61, the gate 
electrode 13 and the inversion layer 61 form a capacitor. 
Consequently, the electrons in the inversion layer 61 block 
the electric field generated by the gate potential Vg, whereby 
the depletion layer 12 does not enlarge even if the gate 
potential Vg further increases. 

0140. The maximum depletion layer width xdm express 
ing the maximum amount of spreading of the depletion layer 
12 is a function of the concentration NA of the acceptorS. 
The maximum depletion layer width Xdm reduces as the 
concentration NA increases. In order to drive a MOSFET in 
an FD mode, the maximum depletion layer width xdm must 
be greater than a thickness T Xdm>T). This is equivalent to 
Such a State that the concentration NA is less than a pre 
scribed reference concentration NA0(NA-NA0). 
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0.141. On the other hand, the gate threshold voltage Vth 
is also a function of the concentration NA, and increases as 
the concentration NA increases. In order to Suppress a Small 
main current flowing when the MOSFET is in a cutoff state, 
i.e., a leakage current, the gate threshold Voltage Vth must 
be greater than a prescribed reference threshold Voltage 
Vth0 (Vth> Vth0). This is equivalent to such a state that the 
concentration NA is greater than another prescribed refer 
ence concentration NA1 (NA>NA1). 
0142. It is uneasy to set the concentration NA to be less 
than the reference concentration NAO (NA-NA0) and 
greater than the reference concentration NA1 (NA>NA1). In 
other words, the gate threshold Voltage Vth is generally 
uneasy to set in the MOSFET operating in the FD mode, as 
well known in the art. Particularly in an NMOSFET having 
a gate electrode 13 of polysilicon doped with an n-conduc 
tivity type impurity or a PMOSFET having a gate electrode 
13 of polysilicon doped with a p-conductivity type impu 
rity, the gate threshold Voltage Vth may be excessively 
reduced to Zero or a negative value as the case may be, if the 
impurity concentration of an SOI layer 3 is Suppressed for 
implementing the FD mode. 
0143. On the other hand, the MOSFET described with 
reference to the embodiment 1 is formed as that operable in 
the PD mode by increasing the impurity concentration of the 
SOI layer 3, and shifted to a state operable in the FD mode 
in operation due to application of the body potential Vb 
exceeding the reference body potential Vb0. The gate volt 
age Vith, which is pulled up due to the application of the 
body potential Vb, will not be excessively reduced. Conse 
quently, the gate threshold Voltage Vth is easy to Set, as 
already described. 
0144. Depending on the purpose of the semiconductor 
device, however, the gate threshold Voltage Vth may be 
required to be further pulled up. In a Semiconductor device 
according to the embodiment 2 of the present invention, a 
gate electrode 13 is made of a conductive material (referred 
to as a mid-gap material in this specification), having a work 
function at an intermediate value between those of n-type 
polysilicon and p-type polysilicon, other than a polycrys 
talline Semiconductor. Thus, the gate threshold Voltage Vth 
can be further flexibly set. In other words, the selection 
range for the gate threshold Voltage Vth is further enlarged. 
014.5 FIG. 17 is a front sectional view showing a semi 
conductor device 58 according to the embodiment 2. A 
MOSFET 59 included in this semiconductor device 58 is 
characteristically different from the MOSFET32 (FIG. 1) in 
that a gate electrode 13 is made of a mid-gap material. For 
example, Ta (tantalum), Mg (magnesium), Cr (chromium), 
Co (cobalt) and W (tungsten) belong to mid-gap materials. 
Effects of the mid-gap material are now described with 
reference to energy band diagrams shown in FIGS. 18 to 21. 
0146 FIG. 18 shows energy band structures of n-type 
Silicon, p-type Silicon and a Silicon oxide in comparison with 
each other. While the Fermi level Ei of intrinsic silicon is 
positioned intermediate between the level Ec of the bottom 
of a conductive Zone and the level Ev of the top portion of 
a charge Zone, the Fermi level En of n-type Silicon Shifts in 
a direction higher than the Fermi level Ei, and the Fermi 
level Ep of p-type silicon shifts to a low direction to the 
contrary. Consequently, the work function Fn of the n-type 
silicon is Smaller than the work function Fi, which is 4.70 
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eV, of the intrinsic silicon while the work function Fp of the 
p-type Silicon is larger than the work function Fi to the 
contrary. The values of shifting depend on the concentra 
tions of the impurities. 

0147 FIG. 19 shows the energy band structure of a 
Semiconductor device having a gate electrode 13 of n-type 
polysilicon opposed to a body region 5 of p-type Silicon 
through a gate insulator film 19 formed of a silicon oxide 
film. This semiconductor device corresponds to an NMOS 
FET having the gate electrode 13 made of polysilicon doped 
with an n-conductivity type impurity. 

0.148 Between both silicon materials having different 
work functions, the Fermi levels En and Ep must be identical 
to each other in an equilibrium State. Therefore, an electric 
field is developed therebetween and the levels Ec and EV are 
downwardly bent in an upper part of the body region 5. 
When a gate potential Vg is applied to the gate electrode 13, 
the Fermi level En lowers by e. Vg, as shown in FIG. 20. 
Following this, the levels Ec and EV are more remarkably 
bent in the upper part of the body region 5. 
0149 When the gate potential Vg exceeds a certain level, 

i.e., a gate threshold voltage Vith, the Fermi level Ei drops 
below the Fermi level Ep in the upper part of the body region 
5, as shown in FIG. 20. Consequently, an inversion layer is 
formed in the upper part. Therefore, the gate threshold 
voltage Vth lowers as the difference between the work 
functions (i.e., the difference between the Fermi levels) of 
the body region 5 and the gate electrode 13 increases. 
0150. Therefore, bending of the levels Ec and Ev in the 
upper part of the body region 5 can be relaxed by employing 
a material Such as Ta, for example, having a work function 
positioned intermediate between those of the n-type poly 
Silicon and the p-type polysilicon for the gate electrode 13, 
as shown in FIG. 21. Thus, the gate threshold voltage Vth 
can be increased. 

0151. In general, the impurity concentration of the 
n"-type polysilicon and the p-type polysilicon employed as 
the material for the gate electrode 13 is set higher than 
5x10/cm, in order to ensure conductivity. A Fermi level 
corresponding to this concentration is +0.63 V with refer 
ence to the Fermi level Ei. Therefore, a conductive material 
which is neither n-type polysilicon nor p-type polysilicon (in 
general, not a polycrystalline Semiconductor doped with an 
impurity) with a Fermi level higher than -0.63 V and lower 
than +0.63 V is nothing else but the aforementioned mid-gap 
material. In order to further clarify the difference between 
the gate threshold Voltages Vth in the case of employing 
n"-type polysilicon and p-type polysilicon and the case of 
employing the mid-gap material, a mid-gap material having 
a Fermi level in the range of -0.5 V to +0.5 V may be 
Selected, for example. 
0152 While the above description has been made with 
reference to an NMOSFET, this also applies to a PMOSFET 
Also in the PMOSFET, the gate threshold voltage Vth can be 
increased by employing the mid-gap material as the material 
for the gate electrode 13 in place of p-type polysilicon. 

0153) <3. Embodiment 3> 
0154) In relation to an embodiment 3 of the present 
invention, description is made on a Semiconductor device 
formed to implement operations of FD and PD modes 
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respectively by varying channel widths W between a plu 
rality of MOSFETs included in a semiconductor device 
thereby improving homogeneity of gate threshold Voltages 
Vth. Circuit diagrams of FIGS. 22 to 24 show three exem 
plary semiconductor devices 65, 66 and 67 structured as 
described above. 

0155 The semiconductor device 65 shown in FIG. 22 
includes a two-input NAND circuit. Four MOSFETs Q1 to 
Q4 are connected between a power Supply line transmitting 
a ground potential GND and a power Supply line transmit 
ting a positive power supply potential Vcc. The MOSFETs 
Q1 and O2, which are n-channel MOSFETs, are serially 
connected with each other. A source electrode of the MOS 
FET Q1 is connected to the power supply line for the ground 
potential GND. 
0156. On the other hand, the MOSFETs Q3 and Q4 are 
p-channel MOSFETs, which are connected in parallel with 
each other. Source electrodes thereof are connected to the 
power Supply line for the power Supply potential Vcc in 
common. Further, drain electrodes of the MOSFETs Q3 and 
Q4 are connected to that of the MOSFET Q2. A connection 
part between the MOSFETs Q3 and Q4 functions as an 
output part OUT. 

0157 Gate electrodes of the MOSFETs Q2 and Q3 are 
connected to an input part IN1 in common, while those of 
the MOSFETs Q1 and Q4 are connected to an input part IN2 
in common. Consequently, a logical Signal corresponding to 
NAND of logical signals inputted in the two input parts IN1 
and IN2 is outputted to the output part OUT as an operation 
result. 

0158. In this semiconductor device 65, body electrodes of 
the MOSFETs Q1 and Q2 are connected to the power supply 
line for the ground potential GND in common. In other 
words, the MOSFETs Q1 and Q2 are supplied with the 
ground potential GND as a body potential Vb. Since the 
MOSFET O1 intervenes between the MOSFET O2 and the 
power Supply line for the ground potential GND, a Source 
potential Vs of the MOSFET Q2 does not necessarily 
coincide with the ground potential GND. 
0159. In general, the source potential Vs of the MOSFET 
Q2 is positive and the body potential Vb thereof is at a 
negative value with reference to the Source potential VS 
when the MOSFET O1 is in a cutoff state. In other words, 
the MOSFET Q2 is in contrast to the MOSFET Q1 having 
the body potential Vb regularly remaining Zero with refer 
ence to the Source potential Vs. 
0160. When these MOSFETs Q1 and Q2 are formed 
identically to each other with common channel widths W. 
the gate threshold voltage Vth of the MOSFET Q2 is higher 
than that of the MOSFET Q1. When the gate threshold 
Voltage Vth increases, the value of a main current in a 
conducting State, i.e., current drivability lowerS. Conse 
quently, the operating Speed lowers. 

0.161 In the semiconductor device 65, the channel widths 
W of the MOSFETs Q1 and O2 are set at different values, 
in order to cause no Such inconvenience. In other words, the 
channel width W of the MOSFET Q2 is set larger than the 
channel width W of the MOSFET Q1. In the MOSFET O2, 
further, the channel width W is set larger than a saturation 
start width. Even if the body potential Vb of the MOSFET 
Q2 increases in a negative direction beyond a reference body 
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potential Vb0, therefore, the gate threshold voltage Vth is 
Suppressed to a Saturated value with no increase. 
0162. On the other hand, the channel width W of the 
MOSFET O1 is set Smaller than a Saturation start width. 
Thus, equality in the gate threshold Voltages Vth is improved 
between the MOSFETs Q1 and Q2. Since the gate threshold 
voltages Vth of both MOSFETs Q1 and Q2 are suppressed, 
the operating speed of the overall NAND circuit is main 
tained high. Further, it is possible to drive the NAND circuit 
while Suppressing the power Supply potential Vcc at a low 
value. In other words, the NAND circuit can perform a 
low-voltage operation. 

0163 The semiconductor device 66 shown in FIG. 23 
includes a two-input NOR circuit. This NOR circuit is 
complementary with the NAND circuit shown in FIG. 22. 
Four MOSFETs Q1 to Q4 are connected between a power 
Supply line transmitting a ground potential GND and a 
power Supply line transmitting a power Supply potential 
Vcc. The MOSFETs Q1 and Q2, which are p-channel 
MOSFETs, are serially connected with each other. A source 
electrode of the MOSFET Q1 is connected to the power 
Supply line for the power Supply potential Vcc. 

0164. On the other hand, the MOSFETs Q3 and Q4 are 
n-channel MOSFETs, which are connected in parallel with 
each other. Source electrodes thereof are connected to the 
power Supply line for the ground potential GND in common. 
Further, drain electrodes of the MOSFETs Q3 and Q3 are 
connected to that of the MOSFET Q2. A connection part 
between the MOSFETs Q3 and Q3 function as an output part 
OUT 

0165 Gate electrodes of the MOSFETs Q1 and Q4 are 
connected to an input part IN1 in common, and those of the 
MOSFETs Q2 and Q3 are connected to an input part IN2 in 
common. Consequently, a logical Signal corresponding to 
NOR of logical signals inputted in the two input parts IN1 
and IN2 is outputted to the output part OUT as an operation 
result. 

0166 The MOSFETs Q1 and Q2 are supplied with the 
power supply potential Vcc as a body potential Vb. Since the 
MOSFET O1 intervenes between the MOSFET O2 and the 
power Supply line for the power Supply potential Vcc, the 
Source potential Vs of the MOSFET Q2 does not necessarily 
coincide with the power supply potential Vcc. In the MOS 
FET Q1, on the other hand, the body potential Vb is 
regularly maintained Zero with reference to the Source 
potential Vs. That is, the MOSFETs Q1 and Q2 of this circuit 
are equivalent to the MOSFETs Q1 and Q2 shown in FIG. 
22 in relation to the value of the body potential Vb. 
0167. Therefore, the channel width W of the MOSFET 
Q2 is set larger than the channel width W of the MOSFET 
Q1. In the MOSFET O2, further, the channel width W is set 
larger than a Saturation Start width. Even if the body poten 
tial Vb of the MOSFET Q2 increases in a positive direction 
beyond a reference body potential Vb0, therefore, the gate 
threshold Voltage Vth is Suppressed to a Saturated value with 
no increase. 

0168 On the other hand, the channel width W of the 
MOSFET O1 is set Smaller than the Saturation start width. 
Thus, equality in the gate threshold Voltages Vth is improved 
between the MOSFETs Q1 and Q2. The gate threshold 
voltages Vth of both MOSFETs Q1 and Q2 are suppressed, 
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whereby the operating speed of the overall NOR circuit is 
maintained high. Further, the NOR circuit can perform a 
low-voltage operation. 

0169. The semiconductor device 67 shown in FIG. 24 
includes inverters INV1 and INV2 cascade-connected in two 
stages and a MOSFET Q5 interposed therebetween for 
functioning as a pass transistor. Each of the inverters INV1 
and INV2 has an n-channel MOSFET and a p-channel 
MOSFET serially connected with each other, which are 
interposed between a power Supply line transmitting a 
ground potential GND and a power Supply line transmitting 
a power Supply potential Vcc. 

0170 The MOSFET Q5 is an n-channel MOSFET having 
a Source electrode connected to an input part of the inverter 
INV2, i.e., a connection part between gate electrodes of two 
MOSFETs provided on the inverter INV2. Abody electrode 
of the MOSFET Q5 is connected to the power supply line for 
the ground potential GND. In other words, the MOSFET Q5 
is Supplied with the ground potential GND as a body 
potential Vb. 

0171 Since the n-channel MOSFET Q6 belonging to the 
inverter INV2 intervenes between the MOSFET O5 and the 
power Supply line for the ground potential GND, the Source 
potential Vs of the MOSFET Q5 does not necessarily 
coincide with the ground potential GND. On the other hand, 
the body potential Vb of the MOSFET Q6 regularly coin 
cides with the Source potential VS, i.e., the ground potential 
GND. These circumstances related to the MOSFETS O5 and 
Q6 are equivalent to those related to the MOSFETs Q2 and 
Q1, although the MOSFETs Q2 and Q1 shown in FIG. 22 
are serially connected with each other while the MOSFETs 
Q5 and Q6 are cascade-connected with each other. 

0172. Therefore, the channel widths W of the MOSFETs 
Q5 and Q6 are set at different values. Specifically, the 
channel width W of the MOSFET Q5 is set larger than that 
of the MOSFET Q6. In the MOSFET O5, further, the 
channel width W is set larger than the saturation start width. 
Even if the body potential Vb of the MOSFET Q5 increases 
in a negative direction beyond the reference body potential 
Vb0, therefore, the gate threshold voltage Vth is suppressed 
at the Saturated value with no increase. 

0173) On the other hand, the channel width W of the 
MOSFET O6 is set Smaller than the Saturation start width. 
Thus, equality in the gate threshold Voltages Vth is improved 
between the MOSFETs Q5 and Q6. Further, the gate thresh 
old voltages Vth of both MOSFETs Q5 and Q6 are Sup 
pressed, whereby the operating Speed of the overall circuit 
shown in FIG. 24 is maintained high. In addition, the circuit 
can perform a low-voltage operation. 

0174) <4. Embodiment 4> 
0.175. The value of a saturation start width depends on 
both of a thickneSS T and a channel length L. The general 
relation between these values is now described for extending 
the conditions related to the channel widths W in the 
embodiments 1 and 3 to more general ones on the basis of 
the result. 

0176 FIG. 25 is a plan view showing the structures of 
depletion layers in a body region 5 with reference to the 
MOSFET 32 or 50 shown in FIG. 1 or 5 in an enlarged 
manner. A depletion layer 75 extends from source/drain 
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regions 4 and 6 toward a central part along the channel 
length L of the body region 5, while a depletion layer 76 
extends from a body region 54 toward a central part along 
the channel width W of the body region 5. 
0177 Referring to FIG.25, a width W0 defines the range 
of an electric field from the body region 54 penetrating the 
body region 5. Relation: L/(2-WO)=tan 0, holds between an 
angle 0, the penetration width W0 and the channel length L 
in FIG. 25. Abody bias effect appears when the penetration 
width W0 occupies a certain ratio C with respect to the 
channel width W. In other words, the body bias effect 
appears if W0/WYC, while no body bias effect appears if 
W0/Ws C. Therefore, no body bias effect appears under a 
condition of L/Ws 2-tan 0°C. 

0178. In the example shown in FIG. 10, L/W=0.35 
lum/0.8 um=0.44 when the channel width Wis identical with 
the saturation start width (=0.8 um). In other words, the 
condition We0.8 um related to the channel width Wallow 
ing appearance of Saturation on the gate threshold Voltage 
Vth resulting from full depletion can be generalized to 
L/Ws 0.44, if the thickness T is 100 nm. The value 0.44 on 
the right side varies with the thickness T. 
0179 At whatever value the thickness T is set, however, 

it can be formulated that the ratio L/W must be Smaller than 
a certain reference ratio (referred to as “saturation start ratio” 
in this specification) depending on the thickness T, in order 
to Saturate the gate threshold Voltage Vith. This general 
condition has been confirmed through experiments and 
Simulations. 

0180. Therefore, the condition related to the channel 
width W described with reference to the embodiments 1 and 
3, i.e., such a condition that the channel width W is larger 
than the Saturation Start width can be extended to Such a 
condition that the ratio L/W is Smaller than the Saturation 
Start ratio. This extended condition is equivalent to an 
operation of Setting the channel length L at a value Smaller 
than a “saturation start length” defined by the product of the 
channel width W and the Saturation start ratio when the 
thickness T and the channel width W are given. Thus, 
saturation of the gate threshold voltage Vth derived from full 
depletion can be allowed by adjusting not only the channel 
width W but also the channel length L. 
0181. With reference to the MOSFETs Q1 and Q2 shown 
in FIG. 22, the channel widths W thereof may be set 
identical to each other while Setting the channel length L of 
the MOSFET O2 Smaller than that of the MOSFET O1. In 
this case, the channel length L is Set Smaller than the 
saturation start length in the MOSFET Q2, while the channel 
length L of the MOSFET Q1 is set larger than the Saturation 
Start length. 

0182 <5. Embodiment 5> 
0183 In relation to the above embodiments, various 
modes of a semiconductor device having a MOSFET which 
is formed equivalently to a MOSFET of a PD mode and 
operates in an FD mode have been presented. In relation to 
an embodiment 5 of the present invention, a Semiconductor 
device having a MOSFET operating in a PD mode and 
positively utilizing a Substrate bias effect is described. 
0.184 FIG. 26 is a circuit diagram showing the circuit 
Structure of a Semiconductor device 77 according to the 
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embodiment 5. The semiconductor device 77 is formed as a 
DRAM, and comprises a number of memory cells MC 
interposed between a pair of bit lines BL and BL*, a sense 
amplifier 70 similarly interposed between the pair of bit 
lines BL and BL*, MOSFETs 71 and 72 serving as bit line 
loads, and a power Supply part 73. 

0185. The MOSFETs 71 and 72 are interposed between a 
power Supply line transmitting a power Supply potential Vcc 
and the bit lines BL and BL* respectively. The MOSFETs 71 
and 72 are p-channel MOSFETs, which are supplied with a 
potential higher than the power Supply potential Vcc by the 
power Supply part 73 as a body potential Vb. The sense 
amplifier 70 is formed as a current mirror differential ampli 
fier, for amplifying the potential difference between the bit 
lines BL and BL* and outputting an amplified signal as an 
output signal OUT when a high-level (active level) Signal is 
inputted as a Selection signal CS. 
0186. As a voltage drop caused by the MOSFETs 71 and 
72 Serving as bit line loads increases, the gain of the Sense 
amplifier 70 increases. The level of the voltage drop caused 
by the MOSFETs 71 and 72 substantially coincides with the 
gate threshold voltage Vth of the MOSFETs 71 and 72. 
Therefore, the gate threshold voltage Vth of the MOSFETs 
71 and 72 is preferably set at a high level, in order to increase 
the gain of the sense amplifier 70. In response to this 
requirement, each of the MOSFETs 71 and 72 is formed 
similarly to the MOSFET 32a shown in FIG. 11, for 
example. 

0187. However, the channel width W and the channel 
length L are Set in the ranges allowing no appearance of 
Saturation on the gate threshold Voltage Vith. In other words, 
the ratio L/W is set larger than the saturation start ratio. If the 
thickness T is 100 nm, for example, the ratio L/W is set to 
be larger than 0.44 (L/W>0.44). 
0188 The power supply part 73 Supplies a potential 
higher than the power supply potential Vcc to the MOSFETs 
71 and 72 as the body potential Vb. In the MOSFETs 71 and 
72, the gate threshold Voltage Vth is high due to appearance 
of a Substrate bias effect. Consequently, the gain of the Sense 
amplifier 70 is enhanced. Since the ratio L/W is set higher 
than the Saturation start ratio, the MOSFETs 71 and 72 
operate not in an FD mode but in a PD mode even if a high 
potential is Supplied as the body potential Vb. 

0189 Thus, the semiconductor device 77 is provided 
with the MOSFETs 71 and 72 having the ratio L/W set larger 
than the Saturation Start ratio, and the gate threshold Voltage 
Vth of these MOSFETs 71 and 72 is set at a high level by 
positively attaining the Substrate bias effect. Further, the 
MOSFETs 71 and 72 are formed as MOSFETs operable in 
the PD mode. For this purpose, an SOI layer is set suffi 
ciently thick. Thus, the MOSFETs 71 and 72 attain such 
advantages that resistance of the Source/drain regions 4 and 
6 is low, contact holes for main electrodes 15 and 16 are easy 
to form and silicide layers 21 and 22 can be readily formed 
on Surfaces of the Source/drain regions 4 and 6, Similarly to 
the MOSFET 32a. 

0190. Further, although the MOSFETs 71 and 72 operate 
in the PD mode, a p-type semiconductor region 11 (FIG.11) 
positioned immediately under the depletion layer 12 is not in 
a floating State but Supplied with a potential higher than the 
power Supply potential Vcc as the body potential Vb. In the 
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MOSFETs 71 and 72, therefore, problems of instability of 
the gate threshold Voltage Vth and increase in a leakage 
current are relaxed or Solved, dissimilarly to the conven 
tional Semiconductor device 151. 

0191). The MOSFETs 71 and 72 serving as bit line loads 
shown in FIG. 26 are p-channel MOSFETs. However, a 
DRAM having n-channel MOSFETs as bit line loads can 
also be formed, as a matter of course. Further, bit lines of not 
only a DRAM but a general Semiconductor memory having 
bit lines, bit line loads and a Sense amplifier can be formed 
by MOSFETs similar to the MOSFETs 71 and 72, to attain 
Similar effects. 

0192 While the MOSFETs 71 and 72 positively utilizing 
the Substrate bias effect attain remarkable effects in a Semi 
conductor memory as hereinabove described, the application 
thereof is not restricted to the semiconductor memory. The 
Substrate bias effect can be positively utilized in a general 
SOI semiconductor device having MOSFETs requiring a 
high gate threshold voltage Vith, similarly to the MOSFETs 
71 and 72. 

0193 <6. Modifications> 
0194 In the semiconductor device shown in FIG. 3, 4, 12 
or 13, the channel length L and the channel width W can 
alternatively Set at values allowing no Saturation of the gate 
threshold Voltage Vith, i.e., in the ranges Satisfying the 
condition L/W>Saturation Start ratio. In this case, the Semi 
conductor device cannot be driven in the FD mode. How 
ever, it is possible to drive the semiconductor device while 
applying the body potential Vb (i.e., applying a Substrate 
bias) in a direction for enlarging a depletion layer of the 
body region without bringing the device into a floating State. 
Therefore, the problems of instability of the gate threshold 
Voltage Vth and increase in a leakage current are relaxed or 
Solved. 

0.195. Further, since the SOI layer is set in a large 
thickness equivalently to the conventional PD-mode MOS 
FET, Such advantages that resistance of Source/drain regions 
is low, contact holes for main electrodes are easy to form, 
and Silicide layers can be readily formed on the Source/drain 
regions can be attained similarly to the Semiconductor 
device shown in FIG. 3 or the like. 

0196) <7. Incorporation by References 
0197) The entire contents of each of the following three 
references 1 to 3 are incorporated herein by reference. 
0198 Ref. 1: S. Maeda et al., “A Highly Reliable 0.35um 
Field-Shield Body-Tied SOI Gate Array for Substrate-Bias 
Effect Free Operation,” 1997 Symposium on VLSI Tech 
nology Digest of Technical Papers, pp. 93-94, 
0199 Ref. 2: T. Iwamatsu et al., “CAD-Compatible 
High-Speed CMOS/SIMOX Technology Using Field-Shield 
Isolation for 1M Gate Array,” Proceedings of IEDM 93, pp. 
475-478; and 

0200 Ref. 3: S. Maeda et al., “Substrate-Bias Effect and 
Source-Drain Breakdown Characteristics in Body-Tied 
Short-Channel SOI MOSFETs.” IEEE Transactions on 
Electron Devices, Vol. 46, No. 1, January (1999), pp. 151 
158. 

0201 FIGS. 1 to 3 of the Ref. 1 supplement FIGS. 7 and 
8 of the present application in relation to the configuration 
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of the field shield isolation. Further, FIGS. 4 and 8 of the 
Ref. 1 show experimental data on which FIG. 10 of the 
present application is based. FIG. 1 of the Ref. 2 shows 
another manufacturing method of the field shield isolation 
structure. FIGS. 6 to 8 of the Ref. 2 show examples of the 
structure manufactured with the method shown in FIG. 1. 
FIG. 10 of the Ref. 3 shows original data from which FIG. 
10 of the present application is derived. 
0202) While the invention has been shown and described 
in detail, the foregoing description is in all aspects illustra 
tive and restrictive. It is therefore understood that numerous 
modifications and variations can be devised without depart 
ing from the Scope of the invention. 
We claim: 

1. A Semiconductor device provided with circuit elements 
in a Semiconductor chip having an SOI layer, 

comprising a MOSFET and a power Supply part as Said 
circuit elements, 

Said MOSFET comprising a Source region and a drain 
region selectively formed in said SOI layer and a body 
region held between Said Source region and Said drain 
region, 

the thickness of said SOI layer being set at a value not 
fully depleting Said body region under a floating con 
dition and a condition Supplied with the same potential 
as Said Source region, and 

Said power Supply part generating a Voltage of a constant 
level and Supplying said voltage between said Source 
region and Said body region in a direction for enlarging 
a depletion layer formed in Said body region. 

2. A Semiconductor device provided with a circuit element 
in a Semiconductor chip having an SOI layer, 

comprising a MOSFET as said circuit element, 
Said MOSFET comprising a Source region and a drain 

region selectively formed in said SOI layer and a body 
region held between Said Source region and Said drain 
region, 

the thickness of said SOI layer being set at a value not 
fully depleting Said body region under a floating con 
dition and a condition Supplied with the same potential 
as Said Source region, and 

Said Semiconductor device further comprising a terminal 
for being externally Supplied with a Voltage for relaying 
Said Voltage to Said Source region and Said body region. 

3. The Semiconductor device in accordance with claim 1, 
wherein 

a ratio L/W of the channel length L to the channel width 
W of said MOSFET is set Smaller than a Saturation start 
ratio. 

4. The Semiconductor device in accordance with claim 2, 
wherein 

a ratio L/W of the channel length L to the channel width 
W of said MOSFET is set Smaller than a Saturation start 
ratio. 

5. The semiconductor device in accordance with claim 3, 
wherein 

Said Voltage is Set at a level Saturating a gate threshold 
voltage of said MOSFET 
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6. The Semiconductor device in accordance with claim 3, 
wherein 

said MOSFET further comprises a gate electrode opposed 
to Said body region through an insulator layer and made 
of a mid-gap material. 

7. The semiconductor device in accordance with claim 5, 
wherein 

said MOSFET further comprises a gate electrode opposed 
to Said body region through an insulator layer and made 
of a mid-gap material. 

8. The Semiconductor device in accordance with claim 1, 
wherein 

a ratio L/W of the channel length L to the channel width 
W of said MOSFET is set larger than a saturation start 
ratio. 

9. The semiconductor device in accordance with claim 8, 
further comprising a memory cell, a bit line connected to 
Said memory cell and a Sense amplifier connected to Said bit 
line, wherein 

said MOSFET is connected to said bit line as a bit line 
load. 

10. A semiconductor device provided with circuit ele 
ments in a Semiconductor chip having an SOI layer, 

comprising first and second MOSFETs and a power 
Supply line as Said circuit elements, 

each of said first and second MOSFETs comprising a 
Source region and a drain region Selectively formed in 
said SOI layer and a body region held between said 
Source region and Said drain region, 

the thickness of said SOI layer being set at a value not 
fully depleting Said body region of each of Said first and 
second MOSFETs under a floating condition and a 
condition Supplied with the same potential as Said 
Source region, 

both of Said Source region and Said body region belonging 
to said first MOSFET being connected to said power 
Supply line, 

said first MOSFET intervening between said source 
region belonging to said second MOSFET and said 
power Supply line, 

said body region belonging to said second MOSFET 
being connected to Said power Supply line, 

a ratio L/W of the channel length L to the channel width 
W of said first MOSFET being set larger than a 
Saturation start ratio, and 

a ratio L/W of the channel length L to the channel width 
W of said second MOSFET being set Smaller than a 
Saturation start ratio. 

11. The Semiconductor device in accordance with claim 
10, wherein 

either said channel lengths or Said channel widths are Set 
at the same value between said first and second MOS 
FETS. 

12. The Semiconductor device in accordance with claim 1, 
wherein 

a Semiconductor metal compound layer is formed on 
Surfaces of Said Source region and Said drain region. 
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13. The Semiconductor device in accordance with claim 2, 
wherein 

a Semiconductor metal compound layer is formed on 
Surfaces of Said Source region and Said drain region. 

14. The Semiconductor device in accordance with claim 
10, wherein 

a Semiconductor metal compound layer is formed on 
Surfaces of Said Source region and Said drain region. 

15. The semiconductor device in accordance with claim 
12, wherein 

said MOSFET further comprises a gate electrode opposed 
to Said body region through an insulator layer, and 

Said gate electrode comprises a polycrystalline Semicon 
ductor layer doped with an impurity and a Semicon 
ductor-metal compound layer formed on Said polycrys 
talline Semiconductor layer. 

16. The Semiconductor device in accordance with claim 
13, wherein 
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said MOSFET further comprises a gate electrode opposed 
to Said body region through an insulator layer, and 

Said gate electrode comprises a polycrystalline Semicon 
ductor layer doped with an impurity and a Semicon 
ductor-metal compound layer formed on Said polycrys 
talline Semiconductor layer. 

17. The semiconductor device in accordance with claim 
14, wherein 

said MOSFET further comprises a gate electrode opposed 
to Said body region through an insulator layer, and 

Said gate electrode comprises a polycrystalline Semicon 
ductor layer doped with an impurity and a Semicon 
ductor-metal compound layer formed on Said polycrys 
talline Semiconductor layer. 


