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SEMICONDUCTOR DEVICE AND METHOD 
FOR PRODUCING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation of US. application Ser. No. 
12/025,504, ?led on Feb. 4, 2008, Which is a continuation of 
Application PCT/JP2008/50253, ?led on Jan. 11, 2008. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device and a method for producing the same, and more par 
ticularly to a semiconductor device of a three-dimensional 
structure including ?n-shaped semiconductor regions on a 
substrate and a method for producing the same. 

BACKGROUND ART 

[0003] In recent years, demands for miniaturiZing semicon 
ductor devices have been increasing along With the increase in 
the degree of integration, functionality and speed thereof. In 
vieW of this, various device structures have been proposed in 
the art, aiming at the reduction in the area of the substrate 
taken up by transistors. Among others, attention has been 
draWn to ?eld effect transistors having a ?n-shaped structure. 
A ?eld effect transistors having the ?n-shaped structure is 
commonly called a ?n-shaped FET (?eld effect transistor), 
and has an active region including thin Wall (?n)-like semi 
conductor regions perpendicular to the principle plane of the 
substrate. In a ?n-shaped FET, the side surface of the semi 
conductor region can be used as a channel surface, Whereby it 
is possible to reduce the area on the substrate taken up by the 
transistor (see, for example, Patent Document 1 and Non 
Patent Document 1). 
[0004] FIG. 16A to FIG. 16D shoW a structure of a conven 
tional ?n-shaped FET, Wherein FIG. 16A is a plan vieW of the 
device, FIG. 16B is a cross-sectional vieW taken along line 
A-A in FIG. 16A, FIG. 16C is a cross-sectional vieW taken 
along line B-B in FIG. 16A, and FIG. 16D is a cross-sectional 
vieW taken along line C-C in FIG. 16A. 
[0005] As shoWn in FIG. 16A to FIG. 16D, a conventional 
?n-shaped FET includes a supporting substrate 101 made of 
silicon, an insulating layer 102 made of silicon oxide formed 
on the supporting substrate 101, semiconductor regions 10311 
to 103d each formed into a ?n shape on the insulating layer 
102 (hereinafter referred to as the “?n-shaped semiconductor 
regions”), a gate electrode 105 formed on the ?n-shaped 
semiconductor regions 10311 to 103d via gate insulating ?lms 
10411 to 104d, insulative sideWall spacers 106 formed on side 
surfaces of the gate electrode 105, extension regions 107 
formed on opposite side regions of the ?n-shaped semicon 
ductor regions 10311 to 103d sandWiching the gate electrode 
105 therebetWeen, and source-drain regions 117 formed on 
opposite side regions of the ?n-shaped semiconductor 
regions 10311 to 103d sandWiching the gate electrode 105 and 
the insulative sideWall spacer 106 therebetWeen. The ?n 
shaped semiconductor regions 10311 to 103d are placed on the 
insulating layer 102 so as to be arranged at regular intervals in 
the gate Width direction. The gate electrode 105 is formed so 
as to extend across the ?n-shaped semiconductor regions 
10311 to 103d in the gate Width direction. The extension region 
107 includes a ?rst impurity region 107a formed in an upper 
portion of each of the ?n-shaped semiconductor regions 10311 
to 103d, and a second impurity region 107!) formed in a side 
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portion of each of the ?n-shaped semiconductor regions 10311 
to 103d. The source-drain region 117 includes a third impu 
rity region 117a formed in an upper portion of each of the 
?n-shaped semiconductor regions 10311 to 103d, and a fourth 
impurity region 117!) formed in a side portion of each of the 
?n-shaped semiconductor regions 10311 to 103d. Note that 
pocket regions are not described herein or shoWn in the ?gure. 
[0006] FIG. 17A to FIG. 17D are cross-sectional vieWs, 
shoWing, step by step, a conventional method for producing a 
semiconductor device. Note that FIG. 17A to FIG. 17D cor 
respond to the cross-sectional structure taken along line C-C 
in FIG. 16A. In FIG. 17A to FIG. 17D, like elements to those 
shoWn in FIG. 16A to FIG. 16D are denoted by like reference 
numerals and Will not be described again. 
[0007] First, as shoWn in FIG. 17A, there is provided an 
SOI (silicon on insulator) substrate, in Which the insulating 
layer 102 made of silicon oxide is provided on the supporting 
substrate 101 made of silicon, and a semiconductor layer 
made of silicon is provided on the insulating layer 102. Then, 
the semiconductor layer is patterned to form the ?n-shaped 
semiconductor region 1031) to be the active region. 
[0008] Then, as shoWn in FIG. 17B, the gate insulating ?lm 
104 is formed on the surface of the ?n-shaped semiconductor 
region 103b, after Which a polysilicon ?lm 105A is formed 
across the entire surface of the supporting substrate 102. 
[0009] Then, as shoWn in FIG. 17C, the polysilicon ?lm 
105A and the gate insulating ?lm 104 are etched successively 
to form the gate electrode 105 on the ?n-shaped semiconduc 
tor region 1031) With the gate insulating ?lm 104b interposed 
therebetWeen. Then, using the gate electrode 105 as a mask, 
the semiconductor region 1031) is ion-implanted With an 
impurity to form the extension region 107 and the pocket 
region (not shoWn). 
[0010] Next, as shoWn in FIG. 17D, an insulating ?lm is 
formed across the entire surface of the supporting substrate 
102, and then the insulating ?lm is etched back by using 
anisotropic dry etching to thereby form the insulative side 
Wall spacer 106 on the side surface of the gate electrode 105. 
Then, using the gate electrode 105 and the side Wall 106 as a 
mask, the semiconductor region 1031) is ion-implanted With 
an impurity to form the source-drain region 117. 
[0011] Through the steps described above, it is possible to 
obtain a ?n-shaped MISFET (metal insulator semiconductor 
?eld effect transistor) having the gate electrode 105 formed 
on the ?n-shaped semiconductor region 1031) With the gate 
insulating ?lm 104b interposed therebetWeen. 
[0012] [Patent Document 1] Japanese Laid-Open Patent 

Publication No. 2006-196821 

[0013] [Non-Patent Document 1] D. Lenoble, et al., 
Enhanced performance of PMOS MUGFET via integra 
tion of conformal plasma-doped source/drain extensions, 
2006 Symposium onVLSI Technology Digest of Technical 
Papers, p. 212 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0014] HoWever, With conventional methods for producing 
a semiconductor device disclosed in documents such as 
Patent Document 1 and Non-Patent Document 1 identi?ed 
above, it is not possible to obtain desirable transistor charac 
teristics 
[0015] In vieW of this, it is an object of the present invention 
to realiZe a semiconductor device including ?n-shaped semi 
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conductor regions With Which desirable characteri stics can be 
obtained (e.g., a device Which does not exhibit a substantial 
reduction in drain current). 

Means for Solving the Problems 

[0016] In order to achieve the object set forth above, the 
present inventors have studied the reason Why desirable tran 
sistor characteristics cannot be obtained With the conven 
tional methods for producing a ?n-shaped FET, Which lead to 
the folloWing ?ndings. 
[0017] FIG. 18A is a cross-sectional vieW of an important 
part shoWing the step of forming an extension region of a 
?n-shaped FET as described in Patent Document 1, and FIG. 
18B is a cross-sectional vieW shoWing the step of forming an 
extension region of a ?n-shaped FET as described in Non 
Patent Document 1. Note that FIG. 18A and FIG. 18B corre 
spond to the cross-sectional structure (before the formation of 
the insulative sideWall spacer 106) taken along line B-B in 
FIG. 16A. In FIGS. 18A and 18B, like elements to those 
shoWn in FIG. 16A to FIG. 16D are denoted by like reference 
numerals. 
[0018] As shoWn in FIG. 18A, in the method disclosed in 
Patent Document 1, in order to introduce an impurity not only 
into the upper surface of the ?n-shaped semiconductor 
regions 10311 to 103d but also into the side surface thereof, 
ions 108a and 10819 are implanted by ion implantation into the 
?n-shaped semiconductor regions 10311 to 103d at respective 
implantation angles inclined With respect to the vertical direc 
tion in different directions from each other, thus forming the 
extension region 107. In such a case, the ?rst impurity region 
107a, into Which the ions 108a and the ions 10819 are both 
implanted, is formed in the upper portion of the ?n-shaped 
semiconductor regions 10311 to 103d. HoWever, the second 
impurity region 107b, into Which either the ions 10811 or the 
ions 10819 are implanted, is formed in each side portion of the 
?n-shaped semiconductor regions 10311 to 103d. Thus, Where 
the dose of the ions 108a and that of the ions 10819 are equal 
to each other, the implantation dose of the ?rst impurity 
region 10711 is tWice as large as the implantation dose of the 
second impurity region 1071). 
[0019] As shoWn in FIG. 18B, in the method disclosed in 
Non-Patent Document 1, the extension region 107 is formed 
in the ?n-shaped semiconductor regions 10311 to 103d by 
using a plasma doping method. Where an impurity is 
implanted by using a plasma doping method, the ?rst impu 
rity region 10711 is formed in an upper portion of the ?n 
shaped semiconductor regions 10311 to 103d, Wherein the 
implantation dose of the ?rst impurity region 10711 is dictated 
by the balance betWeen implanted ions 109a, an adsorbed 
species (a neutral species such as gas molecules or radicals) 
109b, and an impurity 1090 that is desorbed from the ?n 
shaped semiconductor regions 10311 to 103d by sputtering. 
HoWever, the implantation dose of each side portion of the 
?n-shaped semiconductor regions 10311 to 103d is less in?u 
enced by the implanted ions 109a and the impurity 109c 
desorbed by sputtering, and there is formed the second impu 
rity region 1071) Whose implantation dose is mainly dictated 
by the adsorbed species 1091). As a result, the implantation 
dose of the ?rst impurity region 10711 is higher than that of the 
second impurity region 1071) by about 25%, for example. 
[0020] As described above, With the conventional methods 
for forming an extension region of a ?n-shaped FET, the 
implantation dose of the ?rst impurity region 107a formed in 
an upper portion of the ?n-shaped semiconductor regions 
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10311 to 103d is higher than that of the second impurity region 
107!) formed in a side portion of the ?n-shaped semiconduc 
tor regions 10311 to 103d. Moreover, the junction depth of the 
second impurity region 1071) is shalloWer than that of the ?rst 
impurity region 107a. Accordingly, the sheet resistance, the 
resistivity, or the spreading resistance of the ?rst impurity 
region 10711 is loWer than the sheet resistance, the resistivity, 
or the spreading resistance of the second impurity region 
1071). Wherein, RsIp/t is satis?ed Where Rs is a sheet resis 
tance of a target, p is a speci?c resistance (resistivity), t is a 
thickness (junction depth), and pW is a spreading resistance. 
Further, as expressed by the relational expression, 
pW:CF~k~p/2J'cr, Which is Widely knoWn in the art of spread 
ing resistance measurement, proportion of Rs to pW/t is lead 
(i.e., main component) since the speci?c resistance (resistiv 
ity) p and the spreading resistance pW are basically in one to 
one correspondence. In the relational expression, CF is a 
correction factor With the volume effect of the spreading 
resistance pW taken into consideration (Wherein, With no 
correction, CF is l), k is a correction factor With the polarity 
dependency in Schottky barrier betWeen a probe and a sample 
taken into consideration (for example, k is 1 When a sample is 
made of p-type silicon, or k is any of l to 3 When a sample is 
made of n-type silicon), and r is a radius of curvature of the tip 
end of a probe. 

[0021] When a ?n-shaped FET having such an extension 
structure is operated, the current ?oWing through the exten 
sion region 107 is localiZed in the ?rst impurity region 10711 
Where the implantation dose is higher, i.e., the sheet resis 
tance is loWer, than the second impurity region 107b, thereby 
failing to obtain desirable transistor characteristics. 

[0022] Moreover, in the conventional ?n-shaped FET, the 
source-drain region is also formed by using an ion implanta 
tion method or a plasma doping method similar to that for the 
extension region. Therefore, also in the source-drain region 
117, the implantation dose of the third impurity region 117a 
formed in an upper portion of the ?n-shaped semiconductor 
regions 10311 to 103d is higher than that of the fourth impurity 
region 117!) formed in a side portion of the ?n-shaped semi 
conductor regions 10311 to 103d. Moreover, the junction depth 
of the fourth impurity region 1 17b is shalloWer than that of the 
third impurity region 11711. When a ?n-shaped FET having 
such a source-drain structure is operated, the current ?oWing 
through the source-drain region 117 is localiZed in the third 
impurity region 11711 Where the implantation dose is higher, 
i.e., the sheet resistance is loWer, than the fourth impurity 
region 117b, thereby failing to obtain desirable transistor 
characteristics. 

[0023] Based on the above ?ndings, the present inventors 
have invented a semiconductor device including an impurity 
region in a side portion of a ?n-shaped semiconductor region 
Where the implantation dose is substantially equal to or 
greater than that in an upper portion of the ?n-shaped semi 
conductor region, and a method for producing the same. 
Particularly, in some cases With a ?n-shaped FET, the Width 
of the impurity region formed in a side portion of the ?n 
shaped semiconductor region accounts for 70% or more of the 
Width of the extension region and the source-drain region in 
the gate Width direction. Therefore, it has become important 
that the implantation dose of the impurity region formed in a 
side portion of the ?n-shaped semiconductor region is made 
substantially equal to or greater than that of the impurity 
region formed in an upper portion of the ?n-shaped semicon 
ductor region. In other Words, it is important to set the resis 
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tivity, the spreading resistance, or the sheet resistance of the 
impurity region formed in the side portion of the ?n-shaped 
semiconductor region to be equal to or smaller than the resis 
tivity, the spreading resistance, or the sheet resistance of the 
impurity region formed in the upper portion of the ?n-shaped 
semiconductor region. 
[0024] Speci?cally, a ?rst semiconductor device of the 
present invention is a semiconductor device, including: a ?rst 
semiconductor region formed on a supporting substrate and 
having an upper surface and a side surface; a ?rst impurity 
region of a ?rst conductivity type formed in an upper portion 
of the ?rst semiconductor region; and a second impurity 
region of a ?rst conductivity type formed in a side portion of 
the ?rst semiconductor region, Wherein a resistivity of the 
second impurity region is substantially equal to or smaller 
than that of the ?rst impurity region. 
[0025] Note that the transistor characteristics can be sig 
ni?cantly improved over the conventional techniques if the 
implantation dose of the second impurity region formed in a 
side portion of the ?rst semiconductor region having an upper 
surface and a side surface, i.e., the ?n-shaped semiconductor 
region, is about 80% (more preferably 90%) or more of that of 
the ?rst impurity region formed in an upper portion of the 
?n-shaped semiconductor region. 
[0026] If “the height of the side surface of the ?n-shaped 
semiconductor region”/“the Width of the upper surface of the 
?n-shaped semiconductor region in the gate Width direction” 
(hereinafter referred to as the “aspect ratio”) is small, there 
Will be little degradation in the transistor characteristics even 
if the implantation dose of the second impurity region is 
someWhat smaller than that of the ?rst impurity region. An 
increase in the aspect ratio accordingly increases the neces 
sity to make the implantation dose of the second impurity 
region to be substantially equal to or greater than that of the 
?rst impurity region. 
[0027] In the ?rst semiconductor device of the present 
invention, the junction depth of the second impurity region 
may be substantially equal to or greater than that of the ?rst 
impurity region. 
[0028] In the ?rst semiconductor device of the present 
invention, the ?rst semiconductor region may have a ?n 
shape. 
[0029] In the ?rst semiconductor device of the present 
invention, the ?rst semiconductor region may be formed on 
an insulating layer formed on the supporting substrate. 
[0030] If the ?rst semiconductor device of the present 
invention further includes: a gate insulating ?lm formed at 
least on a side surface of the ?rst semiconductor region in a 
predetermined portion of the ?rst semiconductor region; and 
a gate electrode formed on the gate insulating ?lm, Wherein 
the ?rst impurity region and the second impurity region are 
formed in another portion of the ?rst semiconductor region 
other than the predetermined portion, it is possible to form a 
?n-shaped FET. In such a case, the gate insulating ?lm may 
also be formed on an upper surface of the ?rst semiconductor 
region in the predetermined portion of the ?rst semiconductor 
region. The ?rst impurity region and the second impurity 
region may be a P-type extension region. The semiconductor 
device may further include: an insulative sideWall spacer 
formed on a side surface of the gate electrode; a third impurity 
region of a ?rst conductivity type formed in an upper portion 
of the ?rst semiconductor region; and a fourth impurity region 
of a ?rst conductivity type formed in a side portion of the ?rst 
semiconductor region, Wherein: the third impurity region and 
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the fourth impurity region may be formed in a portion of the 
?rst semiconductor region Which is located outside of the 
insulative sideWall spacer and is provided in the other portion 
of the ?rst semiconductor region; and a resistivity of the 
fourth impurity region may be substantially equal to or 
smaller than that of the third impurity region. Then, the third 
impurity region and the fourth impurity region may be a 
P-type source-drain region. Alternatively, the semiconductor 
device may further include an insulative sideWall spacer 
formed on a side surface of the gate electrode, Wherein the 
?rst impurity region and the second impurity region are 
formed in a portion of the ?rst semiconductor region Which is 
located outside of the insulative sideWall spacer and is pro 
vided in the other portion of the ?rst semiconductor region. 
Then, the ?rst impurity region and the second impurity region 
may be a P-type source-drain region. In these cases, if the 
height of the side surface of the ?rst semiconductor region is 
greater than the Width of the upper surface of the ?rst semi 
conductor region in the gate Width direction, the effects of the 
present invention are pronounced. 

[0031] A second semiconductor device of the present 
invention includes: a plurality of semiconductor regions 
formed on a supporting substrate and each having an upper 
surface and a side surface; a ?rst impurity region of a ?rst 
conductivity type formed in an upper portion of each of the 
plurality of semiconductor regions; and a second impurity 
region of a ?rst conductivity type formed in a side portion of 
each of the plurality of semiconductor regions, Wherein a 
resistivity of the second impurity region is substantially equal 
to or smaller than that of the ?rst impurity region. 

[0032] If the second semiconductor device of the present 
invention further includes a gate electrode formed on each of 
the plurality of semiconductor regions With a gate insulating 
?lm interposed therebetWeen, Wherein the gate electrode 
extends across the plurality of semiconductor regions in a 
gate Width direction, it is possible to form a ?n-shaped FET. 
Then, the ?rst impurity region and the second impurity region 
may be a P-type extension region or a P-type source-drain 
region. 
[0033] The second semiconductor device of the present 
invention may further include a third semiconductor region 
connecting together end portions of the plurality of semicon 
ductor regions on each side of the semiconductor regions in a 
gate length direction. 
[0034] The present invention also relates to a method for 
producing the ?rst or second semiconductor device discussed 
above. The method includes: a step (a) of forming on a sup 
porting substrate a ?rst semiconductor region having an upper 
surface and a side surface; and a step (b) of implanting the ?rst 
semiconductor region With an impurity of a ?rst conductivity 
type by a plasma doping method to thereby form a ?rst impu 
rity region in an upper portion of the ?rst semiconductor 
region and a second impurity region in a side portion of the 
?rst semiconductor region, Wherein in the step (b), a plasma 
doping method is carried out under a ?rst condition such that 
an implantation dose is equal to a ?rst dose, and then a plasma 
doping method is carried out under a second condition such 
that the implantation dose is equal to a second dose smaller 
than the ?rst dose. 

[0035] Thus, the method for producing a semiconductor 
device of the present invention is characterized in the control 
of the implantation dose using a plasma doping method, and 
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it is possible to control the sheet resistance to a desirable value 
through the control of the implantation dose by annealing 
after doping. 
[0036] Speci?cally, in plasma doping, as a material gas is 
supplied into a plasma, there Will be radicals, ions or constitu 
ent molecules of the material gas or molecules or atoms 
resulting from the decomposition of the molecules in the 
plasma. The present invention focuses on the folloWing inher 
ent properties (1 )-(3) of the ions, gas molecules, radicals, etc.: 
[0037] (1) ions in a plasma are basically incident on the 
substrate vertically With respect to the principle plane of the 
substrate; 
[0038] (2) neutral species such as gas molecules, radicals, 
etc., in a plasma are incident on the substrate in random 
directions With respect to the principle plane of the substrate; 
and 
[0039] (3) there is substantially no in?uence of an impurity 
desorbed by sputtering on the side surface of the semicon 
ductor region. 
[0040] In addition to the properties (l)-(3), the present 
inventors have neWly found the folloWing property character 
istic of plasma doping using different conditions: 
[0041] (4) the level of the implantation dose, i.e., the sheet 
resistance, Which is determined as the in?uence of doping and 
the in?uence of sputtering come to an equilibrium on the 
semiconductor region upper surface When plasma doping is 
performed using different conditions, depends only on the 
plasma doping conditions at the ?nal stage but not on condi 
tions at intermediate stages. 
[0042] The present invention also relates to a method for 
applying this to a three-dimensional device such as a ?n 
shaped PET, and one primary characteristic of the present 
invention is that “after a plasma doping method is carried out 
under a ?rst condition such that the implantation dose is equal 
to a ?rst dose, a plasma doping method is carried out under a 
second condition such that the implantation dose is equal to a 
second dose smaller than the ?rst dose”. Thus, While the 
implantation dose of the upper portion of the semiconductor 
region is basically de?ned by the loW-dose second condition, 
the implantation dose of the side portion of the semiconductor 
region is basically de?ned by the high-dose ?rst condition. 
Therefore, it is possible to obtain a semiconductor device 
including, in a side portion of the semiconductor region, an 
impurity region Whose implantation dose is substantially 
equal to or greater than that in an upper portion of the semi 
conductor region. In other Words, it is possible to obtain a 
semiconductor device including a loW-sheet resistance impu 
rity region in a side portion of the semiconductor region. 
Therefore, it is possible to obtain desirable transistor charac 
teristics even if the proportion of the Width of the impurity 
region formed in the side portion of the ?n-shaped semicon 
ductor region increases With respect to the Width in the gate 
Width direction of the extension region and the source-drain 
region of a ?n-shaped FET, for example. 
[0043] In the method for producing a semiconductor device 
of the present invention, if the step (b) is performed by using 
a plasma generated from a gas containing the impurity; and a 
concentration of the gas under the ?rst condition is higher 
than that of the gas under the second condition, it is possible 
to reliably make the implantation dose under the second con 
dition to be smaller than that under the ?rst condition. 
[0044] In the method for producing a semiconductor device 
of the present invention, if after the step (b), an implantation 
dose of the second impurity region is substantially equal to or 
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greater than an implantation dose of the ?rst impurity region, 
it is possible to reliably obtain the effects as set forth above. 
[0045] The method for producing a semiconductor device 
of the present invention may further include, before the step 
(a), a step of forming an insulating layer on the supporting 
substrate, Wherein the ?rst semiconductor region is formed on 
the insulating layer in the step (a). 
[0046] In the method for producing a semiconductor device 
of the present invention, the side surface of the ?rst semicon 
ductor region may be a surface perpendicular to the upper 
surface of the ?rst semiconductor region. 
[0047] In the method for producing a semiconductor device 
of the present invention, in the ?rst impurity region, an 
implantation dose at a point in time When the plasma doping 
method is carried out under the second condition may be 
decreased from that at a point in time When the plasma doping 
method is carried out under the ?rst condition. 
[0048] In the method for producing a semiconductor device 
of the present invention, the step (b) may be performed by 
using a plasma generated from a gas containing the impurity; 
and the gas containing the impurity may contain molecules 
B H” (m and n are natural numbers) composed of boron 
atnoms and hydrogen atoms. 
[0049] In the method for producing a semiconductor device 
of the present invention, the step (b) may be performed by 
using a plasma generated from a gas containing the impurity; 
and the gas containing the impurity may be a gas obtained by 
diluting molecules including boron atoms With a rare gas. 
[0050] In the method for producing a semiconductor device 
of the present invention, the step (b) may be performed by 
using a plasma generated from a gas containing the impurity; 
and a gas containing the impurity may be a gas obtained by 
diluting molecules including the impurity With helium. 
[0051] In the method for producing a semiconductor device 
of the present invention, the step (b) may be performed by 
using a plasma generated from a gas containing the impurity; 
and the gas containing the impurity may be a mixed gas of 
BZH6 and He. In such a case, if a concentration by mass of 
BZH6 in the mixed gas is greater than or equal to 0.01% and 
less than or equal to 1%, it is possible to easily introduce 
boron into the ?rst semiconductor region. If the BZH6 gas 
concentration is less than 0.01%, it is di?icult to introduce a 
suf?cient amount of boron, and if the B2H6 gas concentration 
is greater than 1%, a boron-containing deposit is likely to 
deposit on the substrate surface. 
[0052] In the method for producing a semiconductor device 
of the present invention, the step (b) may be performed by 
using a plasma generated from a gas containing the impurity; 
and the gas containing the impurity may contain BF3,AsH4 or 
PH3. 
[0053] The method for producing a semiconductor device 
of the present invention may further include, before the step 
(b), a step of implanting a semiconductor region Which is 
similar to the ?rst semiconductor region and is provided in 
each of a plurality of dummy substrates With the impurity by 
a plasma doping method under various conditions, so as to 
identify, as the ?rst condition, a condition under Which a sheet 
resistance of an impurity region formed in a side portion of 
the semiconductor region takes an intended value, and so as to 
identify, as the second condition, a condition under Which a 
sheet resistance of an impurity region formed in an upper 
portion of the semiconductor region takes an intended value. 
[0054] Another method for producing a semiconductor 
device of the present invention includes a step of implanting 
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a semiconductor region With an impurity of a ?rst conductiv 
ity type by a plasma doping method to thereby form an impu 
rity region in the semiconductor region, Wherein the step of 
forming the impurity region comprises a step (a) of carrying 
out the plasma doping method under a ?rst condition such that 
an implantation dose is equal to a ?rst dose, and after the step 
(a), a step (b) of carrying out the plasma doping method under 
a second condition such that the implantation dose is equal to 
a second dose smaller than the ?rst dose. 

[0055] With the other method for producing a semiconduc 
tor device of the present invention, an impurity region having 
a second dose is formed by carrying out the plasma doping 
method under the second condition such that the implantation 
dose is equal to the second dose smaller than the ?rst dose 
after carrying out the plasma doping method under the ?rst 
condition such that the implantation dose is equal to the ?rst 
dose. As compared With a case Where the impurity region is 
formed by carrying out the plasma doping method With only 
the second condition such that the second dose is achieved, it 
is possible to shorten the plasma doping time. 
[0056] A third semiconductor device includes: a ?rst semi 
conductor region formed on a supporting substrate and hav 
ing an upper surface and a side surface; a ?rst impurity region 
of a ?rst conductivity type formed in an upper portion of the 
?rst semiconductor region; and a second impurity region of a 
?rst conductivity type formed in a side portion of the ?rst 
semiconductor region, Wherein a sheet resistance of the sec 
ond impurity region is substantially equal to or smaller than 
that of the ?rst impurity region. 
[0057] A fourth semiconductor device includes: a ?rst 
semiconductor region formed on a supporting substrate and 
having an upper surface and a side surface; a ?rst impurity 
region of a ?rst conductivity type formed in an upper portion 
of the ?rst semiconductor region; and a second impurity 
region of a ?rst conductivity type formed in a side portion of 
the ?rst semiconductor region, Wherein a spreading resistance 
of the second impurity region is substantially equal to or 
smaller than that of the ?rst impurity region. 

EFFECTS OF THE INVENTION 

[0058] According to the present invention, it is possible to 
obtain a semiconductor device including an impurity region 
in a side portion of a ?n-shaped semiconductor region, the 
impurity region having an implantation dose substantially 
equal to or greater than that in an upper portion of the ?n 
shaped semiconductor region. In other Words, it is possible to 
obtain a semiconductor device including an impurity region 
having a loW sheet resistance in a side portion of the ?n 
shaped semiconductor region. Therefore, it is possible to 
prevent the degradation in the characteristics of a three-di 
mensional device such as a ?n-shaped FET. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] FIG. 1A to FIG. 1D shoW a structure ofa semicon 
ductor device according to the ?rst embodiment of the present 
invention, Wherein FIG. 1A is a plan vieW of a portion of a ?rst 
embodiment of the ?n-shaped FET, FIG. 1B is a cross-sec 
tional vieW along line A-A in FIG. 1A, FIG. 1C is a cross 
sectional vieW along line B-B in FIG. 1A, and FIG. 1D is a 
cross-sectional vieW taken along line C-C in FIG. 1A. 
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[0060] FIG. 2A to FIG. 2E are cross-sectional vieWs shoW 
ing, step by step, the method for producing a semiconductor 
device according to the ?rst embodiment of the present inven 
tion. 
[0061] FIG. 3A is a cross-sectional vieW illustrating a 
method for doping under the ?rst plasma doping condition 
shoWn in FIG. 2C, and FIG. 3B is a cross-sectional vieW 
illustrating a method for doping under the second plasma 
doping condition shoWn in FIG. 2D. 
[0062] FIG. 4 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for the ?rst impurity 
region formed in the upper portion of the ?n-shaped semi 
conductor region in the method for producing a semiconduc 
tor device according to the ?rst embodiment of the present 
invention. 
[0063] FIG. 5 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for the second impurity 
region formed in the side portion of the ?n-shaped semicon 
ductor region in the method for producing a semiconductor 
device according to the ?rst embodiment of the present inven 
tion. 
[0064] FIG. 6 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for each of the ?rst 
impurity region formed in the upper portion of the ?n-shaped 
semiconductor region and the second impurity region formed 
in the side portion of the ?n-shaped semiconductor region in 
the method for producing a semiconductor device according 
to the ?rst embodiment of the present invention. 
[0065] FIG. 7 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for the ?rst impurity 
region formed in the upper portion of the ?n-shaped semi 
conductor region in the ?rst example of the method for pro 
ducing a semiconductor device according to the ?rst embodi 
ment of the present invention. 
[0066] FIG. 8 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for the ?rst impurity 
region formed in the upper portion of the ?n-shaped semi 
conductor region in the second example of the method for 
producing a semiconductor device according to the ?rst 
embodiment of the present invention. 
[0067] FIG. 9 shoWs the relationship betWeen the sheet 
resistance and the plasma doping time for the ?rst impurity 
region formed in the upper portion of the ?n-shaped semi 
conductor region in the third example of the method for 
producing a semiconductor device according to the ?rst 
embodiment of the present invention. 
[0068] FIG. 10 is a plan vieW ofa portion ofa ?n-shaped 
FET according to a ?rst variation of the ?rst embodiment of 
the present invention. 
[0069] FIG. 11A to FIG. 11C shoW cross-sectional struc 
tures of the semiconductor device according to the second 
variation of the ?rst embodiment of the present invention, 
Wherein FIG. 11A is a cross-sectional vieW taken along line 
A-A in FIG. 1A, FIG. 11B is a cross-sectional vieW taken 
along line B-B in FIG. 1A, and FIG. 11C is a cross-sectional 
vieW taken along line C-C in FIG. 1A. 
[0070] FIG. 12 is a How chart shoWing the method for 
determining the plasma doping condition in the method for 
producing a semiconductor device according to a second 
embodiment of the present invention. 
[0071] FIG. 13A shoWs a schematic cross-sectional struc 
ture of a dummy substrate used in the method for determining 
the plasma doping condition in the method for producing a 
semiconductor device according to the second embodiment 
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of the present invention, and FIG. 13B shows the relationship 
betWeen the plasma doping time in step S102 in FIG. 12 and 
the sheet resistance. 
[0072] FIG. 14 shoWs the relationship betWeen the plasma 
doping time in step S103 in FIG. 12 and the sheet resistance. 
[0073] FIG. 15 shoWs the relationship betWeen the plasma 
doping time in steps S105 and S106 in FIG. 12 and the sheet 
resistance. 
[0074] FIG. 16A to FIG. 16D shoW a structure of a conven 
tional ?n-shaped FET, Wherein FIG. 16A is a plan vieW, FIG. 
16B is a cross-sectional vieW taken along line A-A in FIG. 
16A, FIG. 16C is a cross-sectional vieW taken along line B-B 
in FIG. 16A, and FIG. 16D is a cross-sectional vieW taken 
along line C-C in FIG. 16A. 
[0075] FIG. 17A to FIG. 17D are cross-sectional vieWs of 
shoWing, step by step, a conventional method for producing a 
semiconductor device. 
[0076] FIG. 18A is a cross-sectional vieW shoWing the step 
of forming a source-drain region of a ?n-shaped FET as 
described in Patent Document 1, and FIG. 18B is a cross 
sectional vieW shoWing the step of forming a source-drain 
region of a ?n-shaped FET as described in Non-Patent Docu 
ment 1. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

[0077] The structure of a semiconductor device according 
to a ?rst embodiment of the present invention Will noW be 
described With reference to the draWings. 
[0078] FIG. 1A to FIG. 1D shoW a structure ofa semicon 
ductor device according to the ?rst embodiment of the present 
invention, i.e., a semiconductor device including a ?n-shaped 
FET, Wherein FIG. 1A is a plan vieW of a portion of the 
device, FIG. 1B is a cross-sectional vieW taken along line A-A 
in FIG. 1A, FIG. 1C is a cross-sectional vieW taken along line 
B-B in FIG. 1A, and FIG. 1D is a cross-sectional vieW taken 
along line C-C in FIG. 1A. 
[0079] As shoWn in FIG. 1Ato FIG. 1D, the ?n-shaped FET 
of the present embodiment includes a supporting substrate 11 
made of silicon, for example, an insulating layer 12 made of 
silicon oxide, for example, formed on the supporting sub 
strate 11, ?n-shaped semiconductor regions 13a to 13d 
formed on the insulating layer 12, a gate electrode 15 formed 
on the ?n-shaped semiconductor regions 13a to 13d With gate 
insulating ?lms 14a to 14d made of a silicon oxynitride ?lm, 
for example, interposed therebetWeen, insulative sideWall 
spacers 16 formed on the side surfaces of the gate electrode 
15, extension regions 17 formed in opposing side regions of 
the ?n-shaped semiconductor regions 13a to 13d that are 
opposing each other With the gate electrode 15 interposed 
therebetWeen, and source-drain regions 27 formed in oppos 
ing side regions of the ?n-shaped semiconductor regions 13a 
to 13d that are opposing each other With the gate electrode 15 
and the insulative sideWall spacers 16 interposed therebe 
tWeen. The ?n-shaped semiconductor regions 13a to 13d each 
have a Width a in the gate Width direction of about 30 nm, for 
example, a Width b in the gate length direction of about 200 
nm, for example, and a height (thickness) c of about 50 nm, 
for example, and are arranged With a pitch d (about 60 nm, for 
example) in the gate Width direction on the insulating layer 
12. The upper surface and the side surface of the ?n-shaped 
semiconductor regions 13a to 13d may or may not be perpen 
dicular to each other. The gate electrode 15 is formed so as to 
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extend across the ?n-shaped semiconductor regions 13a to 
13d in the gate Width direction. The extension region 17 
includes a ?rst impurity region 1711 formed in an upper por 
tion of each of the ?n-shaped semiconductor regions 13a to 
13d, and a second impurity region 17b formed in a side 
portion of each of the ?n-shaped semiconductor regions 13a 
to 13d. The source-drain region 27 includes a third impurity 
region 2711 formed in an upper portion of each of the ?n 
shaped semiconductor regions 13a to 13d, and a fourth impu 
rity region 27b formed in a side portion of each of the ?n 
shaped semiconductor regions 13a to 13d. Note that pocket 
regions are not described herein or shoWn in the ?gure. 

[0080] The characteristics of the present embodiment are as 
folloWs. That is, the implantation dose of the second impurity 
region 17b formed in the side portion of the ?n-shaped semi 
conductor region is set to be substantially equal to or greater 
than that of the ?rst impurity region 1711 formed in the upper 
portion of the ?n-shaped semiconductor region. Thus, the 
sheet resistance of the second impurity region 17b of the 
extension region 17 can be set to be less than or equal to that 
of the ?rst impurity region 17a, Whereby it is possible to 
obtain desirable transistor characteristics even if the propor 
tion of the Width of the second impurity region 17b formed in 
the side portion of the ?n-shaped semiconductor region 
increases With respect to the Width in the gate Width direction 
of the extension region 17. Similarly, the implantation dose of 
the fourth impurity region 27b formed in the side portion of 
the ?n-shaped semiconductor region is set to be substantially 
equal to or greater than that of the third impurity region 2711 
formed in the upper portion of the ?n-shaped semiconductor 
region. Thus, the sheet resistance of the fourth impurity 
region 27b of the source-drain region 27 can be set to be less 
than or equal to that of the third impurity region 27a, Whereby 
it is possible to obtain desirable transistor characteristics even 
if the proportion of the Width of the fourth impurity region 
27b formed in the side portion of the ?n-shaped semiconduc 
tor region increases With respect to the Width in the gate Width 
direction of the source-drain region 27. 
[0081] Though the sheet resistance of the second impurity 
region 17b (the fourth impurity region 27b) is set equal to or 
smaller than that of the ?rst impurity region 1711 (the third 
impurity region 2711) in the above description, the same 
effects can be obtained even When the resistivity or the 
spreading resistance of the second impurity region 17b (the 
fourth impurity region 27b) is set equal to or smaller than the 
resistivity or the spreading resistance of the ?rst impurity 
region 1711 (the third impurity region 2711). Speci?cally, 
RsIp/t is satis?ed Where Rs is a sheet resistance of a target, p 
is a speci?c resistance (resistivity), t is a thickness (junction 
depth), and pW is a spreading resistance. Further, proportion 
of Rs to pW/t is lead since the speci?c resistance (resistivity) 
p and the spreading resistance pW are basically in one to one 
correspondence. In the folloWing description, the term, “sheet 
resistance” is used mainly, but the “sheet resistance” may be 
read as “resistivity” or “spreading resistance” in description 
of the magnitude relationship of the resistance. 
[0082] Note that in the present embodiment, if the implan 
tation dose of the second impurity region 17b formed in the 
side portion of the ?n-shaped semiconductor region is about 
80% (more preferably 90%) or more of that of the ?rst impu 
rity region 1711 formed in the upper portion of the ?n-shaped 
semiconductor region, the transistor characteristics can be 
signi?cantly improved over the conventional techniques. 
Similarly, if the implantation dose of the fourth impurity 




















