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(57) ABSTRACT 
There is provided a semiconductor device having a neW 
structure Which alloWs a high reliability and a high ?eld 
effect mobility to be realized in the same time. In an 
insulated gate transistor having an $01 structure utilizing a 
mono-crystal semiconductor thin ?lm on an insulating layer, 
pinning regions are formed at edge portions of a channel 
forming region. The pinning regions suppress a depletion 
layer from spreading from the drain side and prevent a 
short-channel effect. In the same time, they also function as 
a path for drawing out minority carriers generated by impact 
ionization to the outside and prevent a substrate ?oating 
effect from occurring. 
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SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention disclosed in the present 
speci?cation relates to a semiconductor device having an 
SOI (Silicon-On-Insulator) structure and more particularly 
to a structure of an insulated gate ?eld effect transistor 
having the SOI structure (called as an SOI-MOSFET or an 

SOI-IGFET). 
[0003] The technology of the present invention exhibits its 
effect in fabricating a submicron device Whose channel 
length or channel Width is less than 1 pm (typically 30 to 500 

nm). 
[0004] The present invention is applicable to various semi 
conductor integrated circuits such as IC, VLSI and ULSI 
constructed by integrating the MOSFETs having the SOI 
structure (hereinafter referred to as an SOIFET). 

[0005] 2. Description of Related Art 

[0006] An SOIFET is noW attracting attention as a semi 
conductor device replacing a MOSFET using bulk mono 
crystal silicon. The SOIFET is characteriZed in that it is 
advantageous over the MOSFET in terms of high-speed 
operability and loWer poWer consumption. 

[0007] Then, While the research and development on 
VLSI, ULSI and the like using the SOIFET are actively 
conducted, there is a steady tendency of sub-microniZing the 
device siZe to enhance the integration of integrated circuits. 

[0008] As for a channel length (L), it has noW come to be 
required a Work siZe in a deep sub-micron range of less than 
0.2 pm or 0.1 pm. Similarly to that, a Work siZe of less than 
0.2 pm is required for a gate Width and a device siZe of 
L:W=1:1 has come to be proposed. 

[0009] In the ?eld of MOSFETs, there has been knoWn a 
phenomenon called a short-channel effect as a factor of 
hindering the sub-microniZation. The short-channel effect is 
an effect Which causes various problems such as a drop of a 
Withstand voltage betWeen a source and a drain and a drop 
of a threshold voltage When the channel length is shortened 
(see “Submicron Device I” Mitsumasa Koyanagi and others, 
pp. 88 through 138, MaruZen Co., Ltd.). 

[0010] According to the reference book, a punch-through 
phenomenon is knoWn the most as one of causes of the drop 
of the Withstand voltage. This phenomenon makes it dif?cult 
to control carriers by gate voltage as a potential in?uence of 
a depletion layer on the drain side extends to the source side 
and a diffusion potential of the source side is loWered When 
the channel length is shortened (drain-inducted barrier loW 
ering phenomenon). 
[0011] Such short-channel effect poses a similar problem 
also in the SOIFET, Which must be overcome in forWarding 
the sub-microniZation. Here, a mechanism hoW the short 
channel effect occurs in the SOIFET (partial depletion type) 
Will be explained With reference to schematic diagrams of 
FIGS. 3A through 3C. 

[0012] As shoWn in FIG. 3A, the SOIFET comprises a 
mono-crystal silicon substrate 301, a buried oxide ?lm 302, 
a ?eld oxide ?lm 303 for insulating a mono-crystal silicon 
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layer on the oxide ?lm 302, a source region 304, a drain 
region 305 and a channel forming region 306. The source 
and drain regions are formed by doping an impurity element 
to the mono-crystal silicon layer. The SOIFET further com 
prises a gate insulating ?lm 307 and a gate electrode 308. 

[0013] FIG. 3B is a schematic diagram draWn focusing on 
the channel forming region 306 in FIG. 3A. It is noted that 
the hatched portion 309 in FIG. 3B is a depletion layer 
spreading Within the channel forming region. 

[0014] Normally (When a channel length L is long), a 
depletion layer having an equal depth is formed under the 
channel formed right under the gate electrode 308. HoWever, 
When the channel length (L) is shortened to the extreme, the 
depletion layer extended from the drain side spreads in the 
direction of the source region and contacts With the deple 
tion layer of the source side in the end (FIG. 3B). 

[0015] As a result, a potential barrier in the vicinity of the 
source is loWered by the drain voltage and a current ?oWs by 
itself even When no voltage is applied to the gate electrode. 
In this case, an energy band betWeen the source and the drain 
changes continuously as shoWn in FIG. 3C. This is the 
punch-through effect Which loWers the Withstand voltage 
betWeen the source and the drain. 

[0016] While various countermeasures have been taken to 
the short-channel effect described above, a measure Which 
has been taken most in general is channel-doping. The 
channel-doping is a technique for suppressing the short 
channel effect by doping a trace amount of impurity element 
such as P (phosphorus) and B (boron) shalloWly over the 
Whole channel forming region (as disclosed in Japanese 
Patent Laid Open Nos. Hei. 4-206971, 4-286339 and oth 
ers). 
[0017] HoWever, the channel-doping technique has a 
draWback that it restricts the ?eld effect mobility (hereinafter 
referred to simply as a mobility) of the MOSFET signi? 
cantly. That is, the move of carriers is hampered by the 
impurity intentionally doped, thus dropping the mobility. 

[0018] Further, there has been knoWn a substrate ?oating 
effect (called also as a kink phenomenon) caused by impact 
ioniZation of implanted carriers as a cause of the drop of the 
Withstand voltage betWeen the source and the drain in the 
SOI structure. This Will be explained beloW by exemplifying 
an N-cannel type SOIFET. 

[0019] Electrons (major carriers) Which have been 
attracted by a strong electric ?eld and put into the high 
energy state in the vicinity of the drain collide With silicon 
lattice and generate a large amount of pairs of electron and 
positive hole (impact ioniZation phenomenon). The positive 
holes (minority carriers) generated at this time are pushed 
back by the drain electric ?eld and are accumulated under 
the channel. 

[0020] The positive holes accumulated under the channel 
boost the potential in the channel part, so that the source, the 
channel and the drain turn out to be an emitter, a base and 
a collector, respectively, thus turning on a parasitic bipolar 
transistor. 

[0021] Thus, a through current ?oWs betWeen the source 
and the drain, causing a breakdoWn phenomenon of the 
Withstand voltage betWeen the source and the drain. While 
such phenomenon has been knoWn also in the MOSFET 
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using the bulk mono-crystal as a carrier implantation 
induced breakdown phenomenon, it poses a more serious 
problem in the SOI structure in Which the substrate potential 
is ?oating 

SUMMARY OF THE INVENTION 

[0022] In vieW of the above-mentioned problems, it is an 
object of the present invention to provide a semiconductor 
device having a totally neW structure Which alloWs the high 
reliability and the high ?eld mobility to be realiZed in the 
same time. 

[0023] A scheme of the invention disclosed in the present 
speci?cation is intended to a semiconductor device com 
prising at least a source region, a drain region and a channel 
forming region formed by utiliZing a mono-crystal semicon 
ductor thin ?lm on an insulating layer; a ?eld oXide ?lm 
surrounding the source region, the drain region and the 
channel forming region; and a gate insulating ?lm and a gate 
electrode formed on the channel forming region; Wherein 
impurity regions Which shift an energy band of the channel 
forming region are provided intentionally and locally only at 
edges of the channel forming region contacting With the ?eld 
oXide ?lm. 

[0024] Another scheme of the invention is intended to a 
semiconductor device comprising at least a source region, a 
drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein impurity regions Which 
shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
channel forming region contacting With the ?eld oXide ?lm 
and the impurity regions suppress a depletion layer from 
spreading from the drain region to the source region. 

[0025] A still other scheme of the invention is intended to 
a semiconductor device comprising at least a source region, 
a drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein impurity regions Which 
shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
channel forming region contacting With the ?eld oXide ?lm; 
and the impurity regions suppress a depletion layer from 
spreading from the drain region to the source region and 
draW out minority carriers generated by impact ioniZation in 
the vicinity of the drain region to the outside of the channel 
forming region. 
[0026] Another scheme of invention is intended to a 
semiconductor device comprising at least a source region, a 
drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein impurity regions Which 
shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
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channel forming region contacting With the ?eld oXide ?lm; 
and the impurity regions reach the inside of the source 
region/drain region. 
[0027] The gist of the present invention is to form the 
impurity regions intentionally at the edges of the channel 
forming region (the edges contacting With the ?eld oXide 
?lm, not edges contacting With the source and drain regions) 
to suppress the depletion layer from spreading from the 
drain side to the source side by the impurity regions. 

[0028] It is noted that the inventors have de?ned a Word 
“pinning” in the sense of “suppressing” because the effect of 
suppressing the depletion layer may be seen as if pinning the 
depletion layer. Then, the FET utiliZing the invention dis 
closed in the present speci?cation Will be called a pinning 
FET to clearly distinguish from the conventional MOSFETs. 

[0029] A different scheme of the invention is intended to 
a semiconductor device comprising at least a source region, 
a drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein ?rst impurity regions 
Which shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
channel forming region contacting With the ?eld oXide ?lm; 
and a second impurity region presenting a conductive type 
opposite from the ?rst impurity region is formed intention 
ally and locally Within the channel forming region so as not 
to contact With the source region/drain region and the ?rst 
impurity regions. 

[0030] Another scheme of the invention is intended to a 
semiconductor device comprising at least a source region, a 
drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein ?rst impurity regions 
Which shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
channel forming region contacting With the ?eld oXide ?lm; 
a second impurity region presenting a conductive type 
opposite from the ?rst impurity region is formed intention 
ally and locally Within the channel forming region so as not 
to contact With the source region/drain region and the ?rst 
impurity regions; the ?rst impurity regions suppress a deple 
tion layer from spreading from the drain region to the source 
region and the second impurity region controls a threshold 
voltage. 
[0031] A still other scheme of the invention is intended to 
a semiconductor device comprising at least a source region, 
a drain region and a channel forming region formed by 
utiliZing a mono-crystal semiconductor thin ?lm on an 
insulating layer; a ?eld oXide ?lm surrounding the source 
region, the drain region and the channel forming region; and 
a gate insulating ?lm and a gate electrode formed on the 
channel forming region; Wherein ?rst impurity regions 
Which shift an energy band of the channel forming region are 
provided intentionally and locally only at edges of the 
channel forming region contacting With the ?eld oXide ?lm; 
a second impurity region presenting a conductive type 
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opposite from the ?rst impurity region is formed intention 
ally and locally Within the channel forming region so as not 
to contact With the source region/drain region and the ?rst 
impurity regions; the ?rst impurity regions suppress a deple 
tion layer from spreading from the drain region to the source 
region and draW out minority carriers generated by impact 
ioniZation in the vicinity of the drain region to the outside of 
the channel forming region and the second impurity region 
controls a threshold voltage. 

[0032] The semiconductor device Which alloWs the high 
mobility and the high reliability to be obtained in the same 
time, i.e. the object of the present invention, may be realiZed 
by constructing as described above. The detail of the pinning 
FET of the present invention Will be explained in the 
description of preferred embodiments. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] FIGS. 1A through 1C are diagrams for explaining 
an outline of a pinning FET; 

[0034] FIGS. 2A through 2C are diagrams for explaining 
an outline of another pinning FET; 

[0035] FIGS. 3A through 3C are diagrams for explaining 
a short-channel effect; 

[0036] FIG. 4 is a diagram shoWing an energy state of a 
channel forming region; 

[0037] FIGS. 5A and 5B are diagrams shoWing a struc 
ture of a CMOS semiconductor device; 

[0038] FIGS. 6A and 6B are diagrams shoWing shapes of 
pinning regions; 
[0039] FIGS. 7A and 7B are diagrams shoWing shapes of 
impurity regions for controlling a threshold value; 

[0040] FIGS. 8A through 8E shoW structures of channel 
forming regions and an energy state thereof; 

[0041] FIGS. 9A and 9B diagrams shoWing structures of 
CMOS semiconductor devices; 

[0042] FIG. 10 shoWs an applied example of the semi 
conductor device; 

[0043] FIGS. 11A through 11F shoW examples of elec 
tro-optical equipments; 
[0044] FIG. 12 is a diagram shoWing an energy state of a 
channel forming region; and 

[0045] FIG. 13 is a diagram for explaining the de?nition 
of a channel length and a channel Width. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0046] [First Embodiment] 
[0047] At ?rst, a structure of an active region (hereinafter 
a source region, a channel forming region and a drain region 
Will be called collectively as such) of an N-channel type 
pinning FET of the present invention Will be explained With 
reference to FIGS. 1A through 1C. 

[0048] It is noted that a case of using an SOI substrate 
called an SIMOX substrate as a substrate for fabricating the 
pinning FET Will be illustrated in the present embodiment. 
The SIMOX substrate is What a buried oxide ?lm is formed 
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by implanting oxygen into a mono-crystal silicon substrate 
and a mono-crystal silicon layer left on the buried oxide ?lm 
is utiliZed as an active region. 

[0049] FIG. 1A is a plan vieW of the active region of the 
N-channel type pinning FET, FIG. 1B is a scion vieW taken 
along a line A-A‘ in the plan vieW of FIG. 1A and FIG. 1C 
is a section vieW taken along a line B-B‘ in the plan vieW of 
FIG. 1A. 

[0050] As shoWn in FIG. 1A, the active region of the 
N-channel type pinning FET comprises a source region 101, 
a channel forming region 102 and a drain region 103. Then, 
a ?eld oxide ?lm 104 is formed so as to surround these 

regions to separate from other devices. The thickness of the 
active region made of the mono-crystal silicon layer is 10 to 
300 nm (or preferably 20 to 75 nm). 

[0051] It is noted that although no reference numeral is 
given, a gate insulating ?lm is formed on the active region 
here. Further, although a gate electrode, an interlayer insu 
lating ?lm, a fetch electrode and the like are actually 
laminated thereon, they are not shoWn to simplify the 
?gures. Then, only the active region Will be focused and 
explained beloW. 

[0052] In FIG. 1A, regions 105 and 106 are regions for 
pinning a depletion layer (hereinafter referred to as pinning 
regions), Which are the most signi?cant feature of the 
inventive semiconductor device. The pinning regions 105 
and 106 may be formed by doping an impurity element 
Which shifts an energy band of the channel forming region 
(in the direction of impeding the move of electrons). Accord 
ingly, they may be called as regions Where the energy band 
has been shifted. 

[0053] Here, the impurity element Which shifts the energy 
band Will be explained With reference to a conceptual 
diagram as shoWn in FIG. 12. Shifting the energy band 
means to change the channel forming region Which has been 
in the energy state shoWn by dotted lines to an energy state 
shoWn by solid lines. 

[0054] FIG. 12 shoWs a case When the impurity element 
Which gives a conductive type opposite from that of the 
source/drain region is doped to the channel forming region. 
In this case, While there is no change in an energy gap (Eg) 
of the doped region, the energy state shifts to the upper side 
as a Whole (Fermi level Ef is loWered apparently). 

[0055] Accordingly, a difference of energy corresponding 
to AE is produced betWeen the undoped channel forming 
region and the impurity region. The height of this energy 
(potential) barrier varies depending on concentration of the 
doped impurity element. 

[0056] Thus, the impurity element Which is capable of 
shifting the energy band of the channel forming region and 
of creating the barrier is utiliZed in the present invention in 
forming the pinning regions. Because the source/drain 
region has an N-type conductivity in case of the present 
embodiment, an impurity element Which gives the inverse 
conductivity is doped to the pinning regions 105 and 106. 
That is, a P-type impurity region is formed by doping an 
element selected from the XIII group, i.e. typically B 
(boron) or In (indium). 
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[0057] It is noted that the concentration of the impurity 
doped to the pinning regions 105 and 106 is controlled so 
that the pinning regions 105 and 106 become a fully high 
potential barrier With respect to the channel forming region. 
Typically, it may be set at 1><1017 to 1><102O atoms/cm3 (or 
preferably at 1><1018 to 1><1019 atoms/cm3). 

[0058] In FIG. 1A, the pinning regions 105 and 106 are 
formed so as to reach or overlap With the source region 101 
and the drain region 103 at the ends thereof. Forming them 
so as to reach the inside of the source region 101 is one of 

important schemes of the present invention as described 
later. HoWever, the pinning effect can be obtained Without 
overlapping them With the drain region 103. 

[0059] The pinning regions 105 and 106 are also formed 
so as to straddle the channel forming region 102 and the ?eld 
oxide ?lm 104 just by half each. It may be expected to 
reduce a leak current propagating through the boundary 
portion by doping the join part of the channel forming region 
102 and the ?eld oxide ?lm 104. It is not alWays necessary 
to divide the pinning regions 105 and 106 into a half each 
and hoW to dispose them is Within a discretion of a person 
Who carries out the invention. 

[0060] Here, the de?nition of “channel length” and “chan 
nel Width” Will be explained With reference to FIG. 13. In 
FIG. 13, a distance betWeen a source region 31 and a drain 
region 32 Will be de?ned as a channel length The 
present invention is effective When this length is less than 2 
pm or typically 30 to 500 nm (or more preferably 50 to 200 
nm). Further, the direction along this channel length Will be 
called a channel length direction. 

[0061] Further, a distance betWeen pinning regions 33 and 
34 Will be de?ned as an effective channel Width (W65). The 
present invention is effective When this Width is 30 to 500 
nm (or typically 50 to 200 nm). The direction along this 
channel Width Will be called a channel Width direction. 
According to the present invention, the loWer limit of the 
channel Width is considered to be 30 nm considering the 
dif?culty in maintaining an ON current (Which ?oWs When 
the TFT is in ON state) and in forming the pinning regions. 
Further, it becomes dif?cult to obtain the pinning effect 
When the channel Width exceeds 500 nm. 

[0062] It is noted that although the pinning effect seems to 
decrease When the thickness of the channel forming region 
is fully large as compared to the channel Width, it is possible 
to obtain an enough pinning effect even When the channel 
Width is less than 500 nm because the majority carriers 
Which actually contribute to the operation of the transistor 
move only in the vicinity of the polar surface of the channel 
forming region. 

[0063] When the Width (length in the channel Width direc 
tion) of the pinning regions 33 and 34 are assumed to be v1 
and v2, respectively, the total channel Width (Wtotal) is given 
as folloWs: 

[0064] That is, the total channel Width (Wtotal) is de?ned 
by a length of the mono-crystal silicon layer forming the 
active region in the channel Width direction. 
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[0065] Because the inventive semiconductor device is 
considered to be applied to the semiconductor device Whose 
channel length and channel Width are very small in particu 
lar, the siZe of the channel forming region 102 (the region 35 
in FIG. 13) is also very small. 

[0066] Therefore, a very ?ne ion implantation technique is 
required to form the pinning regions 105 and 106. Further, 
a pinning region Whose Width is around 10 to 300 nm (or 
preferably 50 to 100 nm) must be formed by a very ?ne 
exposure technique using an excimer laser, an electron beam 
or a focused ion beam in forming a pattern. 

[0067] It is noted that it is preferable to activate the 
impurity element doped to the pinning regions 105 and 106 
by means of furnace annealing, laser annealing, lamp 
annealing or the like. HoWever, a care must be taken so as 
not to narroW the effective channel Width by suppressing 
thermal diffusion as much as possible. For instance, the 
impurity element may be fully activated While suppressing 
the thermal diffusion of the impurity element by implement 
ing the activation in around 500 to 800° C. (or preferably 
600 to 700° C.) in case of the furnace annealing. 

[0068] Further, the impurity ions may be activated simul 
taneously With the implantation thereof by heating the 
substrate. Further, a rate of activation of the impurity ions at 
the time of implantation may be improved by increasing RF 
poWer in implanting the ions. The activation may be carried 
out by utiliZing those sole effects or by combining With the 
above-mentioned annealing step. 

[0069] Next, the active region of the N-channel type 
pinning FET Will be explained With reference to FIG. 1B 
Which is a section vieW taken along the line A-A‘ in the plan 
vieW in FIG. 1A. It is noted that in FIG. 1B, the components 
explained in FIG. 1A Will be explained by sing the same 
reference numerals. 

[0070] As shoWn in FIG. 1B, the N-channel type pinning 
FET further comprises a mono-crystal silicon substrate 107 
and a buried oxide ?lm 108 Whose thickness is 0.05 to 0.5 
pm. It has been reported that it is effective to thin the buried 
oxide ?lm 108 as much as possible to suppress the short 
channel effect (preferably 0.05 to 0.1 pm). Then, the pinning 
regions 105 and 106 are formed so as to overlap With the 
?eld oxide ?lm 104. 

[0071] The depth of reach (length in the depth direction) 
of the pinning regions 105 and 106 is desirable to be at least 
more than the thickness of the mono-crystal silicon layer. In 
this case, it is also effective to form them so as to eat into the 
buried oxide ?lm 108. It is also possible to form them so as 
to penetrate through the buried oxide ?lm 108 and to reach 
the mono-crystal silicon substrate 107. 

[0072] It is noted that although the SIMOX substrate is 
used in the present embodiment, the conductive type of the 
mono-crystal silicon substrate 107 Which is the base thereof 
may be N or P-type. It is noted that all kinds of mono-crystal 
silicon substrates formed by the normal CZ method, FZ 
method or other fabrication methods may be used as the 
mono-crystal silicon substrate. 

[0073] HoWever, it is preferable to use a high resistant 
silicon substrate (Whose concentration of dopant is less than 
1><1015 atoms/cm3) containing a less amount of dopant 
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(doping concentration of impurity element) in order to 
enhance the mobility of the carriers (to reduce impurity 
scattering). 
[0074] FIG. 1C is a section vieW taken along the line B-B‘ 
in FIG. 1A. The source region 101 and the drain region 103 
are formed by implanting ions of P (phosphorus) or As 

(arsenic). 
[0075] Although not seen in the section B-B‘ a positional 
relationship of the pinning region 105 (or the pinning region 
106) is indicated by a dotted line. As shoWn in FIG. 1C, the 
pinning regions 105 and 106 are formed from the source 
region 101 to the drain region 103. 

[0076] The N-channel type pinning FET of the present 
embodiment is a semiconductor device having the structure 
described above. Next, the roles played by the pinning 
regions 105 and 106 and effects obtained by them Will be 
explained. 

[0077] At ?rst, a ?rst effect thereof Will be explained. The 
biggest object of the present invention is to suppress (to pin) 
the depletion layer from spreading from the drain side to the 
source side to prevent the potential barrier on the source side 
from dropping by the drain voltage. It becomes possible to 
fully prevent the drop of the threshold voltage and the drop 
of the Withstand voltage Which is otherWise caused by the 
punch-through effect by suppressing the spread of the deple 
tion layer. 

[0078] In FIGS. 1A through 1C, the pinning regions 105 
and 106 Which are formed intentionally and locally in the 
channel forming region 102 act as stoppers against the 
depletion layer Which spreads from the drain side and 
suppress the spread of the depletion layer effectively. It is 
noted that the spread of the depletion layer in the depth 
direction is restricted by the buried oxide ?lm. 

[0079] Accordingly, they alloW to prevent the punch 
through phenomenon because the diffusion potential on the 
source side Will not be loWered by the spread of the 
depletion layer. Further, they alloW to avoid the drop of the 
threshold voltage because the increase of the electric charge 
of the depletion layer due to the spread of the depletion layer 
is suppressed. 

[0080] Then, it becomes possible to suppress or to prevent 
the short-channel effect Which has been a very serious 
problem in the sub-microniZation by forming the pinning 
regions 105 and 106 as described above. This effect is the 
most important effect of the inventive semiconductor device. 

[0081] It is noted that the above-mentioned effect may be 
obtained by providing the pinning regions 105 and 106 at 
least at the join part of the channel forming region 102 With 
the drain region 103. HoWever, it is most preferable to 
dispose them as shoWn in FIG. 1A in order to obtain a fourth 
effect (of draWing out the minority carriers through the 
pinning region) described later. 

[0082] Next, a second effect Will be explained. According 
to the present invention, a narroW-channel effect may be 
enhanced intentionally. The narroW-channel effect is a phe 
nomenon Which is observed When a channel Width is 
extremely narroW and Which brings about an increase of the 
threshold voltage (detailed in “Submicron Device I” refer 
enced in the description of the prior art). 
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[0083] FIG. 4 shoWs the energy state (state of potential) of 
the channel forming region 102 and the pinning regions 105 
and 106 When the pinning FET of the present embodiment 
is operative. In FIG. 4, regions 401 and 402 correspond to 
the energy state of the pinning regions 105 and 106 and a 
region 403 corresponds to the energy state of the channel 
forming region 102. 

[0084] As it is apparent also from FIG. 4, the pinning 
regions 105 and 106 form high energy barriers and the 
channel forming region Whose energy state is loW forms a 
valley of energy. Therefore, carriers move the channel 
forming region Where the energy state is loW preferentially. 

[0085] Because the pinning regions 105 and 106 form the 
high energy barriers as described above, the threshold volt 
age of that part increases. As a result, the threshold voltage 
observed as a Whole also increases. It is a matter of course 
that this occurs because the pinning regions 105 and 106 
have the conductive type opposite from that of the source 
and drain regions and the above-mentioned effect cannot be 
obtained When the conductive type is the same. 

[0086] As described above, the present invention alloWs 
the strength of the narroW-channel effect to be controlled by 
changing the concentration of the impurity to be doped to the 
pinning regions and by designing its shape differently. 

[0087] For instance, in an SOIFET in Which a gate elec 
trode is made of an N-type polysilicon ?lm or an aluminum 
?lm, the threshold voltage may become as small as 0 to 0.5 
V and may take a negative value in some cases, thus 
alloWing a normally-ON operation. HoWever, the present 
invention alloWs the threshold voltage to be increased and 
controlled to a desirable threshold voltage by enhancing the 
narroW-channel effect by increasing the impurity concentra 
tion in the pinning regions. 

[0088] It is also possible in some cases to take a balance 
betWeen the drop of the threshold voltage due to the short 
channel effect and the increase of the threshold voltage due 
to the narroW-channel effect to desired values by controlling 
the pinning effect. 

[0089] In case of the present embodiment, because boron 
or indium is doped to the pinning regions, the threshold 
voltage shifts in the positive direction in that part. That is, 
because the threshold voltage increases locally, the threshold 
voltage increases as a Whole by the increase. 

[0090] Accordingly, it is possible to control the threshold 
voltage also by setting the concentration of impurity doped 
to the pinning region at an appropriate value. HoWever, the 
feature of the present invention is that the impurity element 
is doped locally to the end and it is a technological concept 
totally different from channel doping by Which impurity is 
doped in batch on the Whole surface. 

[0091] Next, a third effect Will be explained. The N-chan 
nel type pinning FET of the present embodiment has a merit 
that the channel forming region 102 is formed of a region 
Which is intrinsic or substantially intrinsic and the majority 
carriers (electrons) move through that region. 

[0092] The intrinsic region mentioned here means a region 
to Which no impurity element Which gives the N or P-type 
nor impurity elements such as carbon, nitrogen and oxygen 
are doped intentionally. For instance, the intrinsic channel 
forming region may be obtained by fabricating an I-type 
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silicon substrate (intrinsic silicon substrate) by an advanced 
re?ning technology and by using it. Further, the substantially 
intrinsic region refers to a region in Which the conductivity 
is offset intentionally by doping an inverse conductive 
impurity or a region having one conductive type in a range 
in Which the threshold voltage can be controlled. 

[0093] For instance, it may be said that a silicon substrate 
is substantially intrinsic When its concentration of dopant 
(phosphorus, arsenic, boron, indium, antimony, etc.) is less 
than 5><1015 atoms/cm3 (or preferably less than 5><1014 
atoms/cm3) and the concentration of carbon, nitrogen or 
oxygen is less than 2><1018 atoms/cm3 (or preferably less 
than 5><1017 atoms/cm3). In that sense, mono-crystal silicon 
substrates used in semiconductor circuits in general are all 
substantially intrinsic unless no impurity is doped intention 
ally in its processing step. 

[0094] When the region Where the carriers move is intrin 
sic or is substantially intrinsic, the drop of the mobility 
Which might be caused by the impurity scattering becomes 
very small. This is a great advantage of the present invention 
that the short-channel effect can be suppressed or prevented 
Without using the channel doping. 

[0095] That is, While an impurity is doped to the Whole 
surface of the channel forming region by means of channel 
doping in the conventional IC, it causes intensive impurity 
scattering and poses a problem that the mobility (?eld effect 
mobility) is small even When mono-crystal is used. HoW 
ever, the pinning FET of the present invention alloWs the 
high mobility to be obtained because the region Where the 
carriers move is the intrinsic or substantially intrinsic region 
Where there is almost no impurity. 

[0096] Further, because the pinning PET is fabricated on 
the SOI substrate in the present invention, almost no (only 
one or several elements) impurity element exists in the 
channel forming region formed of the thin ?lm mono-crystal 
silicon layer. As a result, because a speed overshooting effect 
(see K. Ohuchi et. al., Jpn. J. Appl. Phys. 35, pp. 960, 1996) 
by Which the mobility of electrons becomes higher than the 
normal one occurs even in room temperature, the mobility 
becomes very large. 

[0097] All of these effects can be achieved by minimizing 
the scattering of the carriers. The scattering of the carriers is 
categoriZed roughly into lattice scattering and impurity 
scattering and the overall mobility is decided under their 
in?uence. 

[0098] The mobility (ulamce) in?uenced by the lattice 
scattering is proportional to —3/2 poWer of a temperature (T) 

and is proportional to —5/2 poWer of an effective mass of carriers. This relationship may be expressed as folloWs: 

plattice 0c (m‘YYS/2 T’3/2 (1) 

[0099] The mobility (uimpumy) in?uenced by the impurity 
scattering is proportional to 3/2 poWer of the temperature (T) 

and is proportional to —1/2 poWer of the effective mass of carriers. It is also proportional to concentration (N) of the 

ioniZed impurity. This relationship may be expressed as 
folloWs: 
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pimpurityoc (m“)’l/2N’l T3/2 (2) 

[0100] Then, the overall mobility (utotal) observed under 
their in?uence may be expressed as folloWs: 

[0101] That is, that the channel forming region is intrinsic 
or substantially intrinsic means that the impurity concentra 
tion N in Equation (2) approaches to 0 unlimitedly and the 
mobility (uimpmity) in?uenced by the impurity scattering 
approaches to in?nity. 

[0102] As a result, because the term of l/ptimpurity becomes 
so small that it is negligible in Equation (3), the overall 
mobility (utotal) approaches to the mobility (ulamce) in?u 
enced by the lattice scattering. That is, it is possible to 
assume it as the mobility in Which only the lattice scattering 
is taken into consideration. 

[0103] It is also possible to reduce planks further by 
reducing the effective mass of the carriers. It has been 
reported in a document that electrons assume the least 
effective mass When they advance to <100> axis of mono 
crystal silicon in case of very loW temperature of 4 in 
particular. 
[0104] In this case, it is effective to cause the channel 
length direction (in Which the carriers move) to coincide 
With the <100> axis in forming the channel forming region. 
It is also effective to arrange so as to lessen collision With the 
crystal lattice by registering the orientation of the crystal 
lattice With the carrier traveling direction to reduce the 
lattice scattering. 

[0105] Because the drop of the mobility Which is caused 
by the impurity scattering is almost negligible in the inven 
tive pinning FET as described above, the overall mobility 
(utotal) can be increased signi?cantly by arranging such that 
the carriers can move in the state Where the lattice scattering 
is minimiZed. 

[0106] Next, a fourth effect Will be explained. While it has 
been already described that the pinning regions of the 
present invention have the functions of preventing the 
short-channel effect and of controlling the threshold voltage, 
the pinning regions play a very important role, beside those 
described above, in preventing the Withstand voltage 
betWeen the source and the drain from dropping due to the 
impact ioniZation (substrate ?oating effect). 

[0107] As explained in the description of the prior art, the 
minority carriers (positive holes in case of the present 
embodiment) generated by the impact ioniZation are accu 
mulated under the channel and turn on the parasitic bipolar 
transistor, thus causing the carrier implantation induced 
breakdoWn phenomenon. 

[0108] HoWever, in case of the N-channel type pinning 
FET having the structure as shoWn in FIGS. 1A through 
1C, the positive holes generated by the impact ioniZation 
?oW through the pinning regions 105 and 106 and reach the 
















