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(57) ABSTRACT 

First, ?rst conductivity type impurities are injected into a 
semiconductor substrate to selectively form a ?rst conduc 
tivity type region. Next, second conductivity type irnpurities 
higher in concentration than that of the ?rst conductivity 
type impurities are injected into a predetermined region in 
the ?rst conductivity type region to selectively form a 
second conductivity type region. Then, ?rst conductivity 
type impurities are selectively injected into the second 
conductivity type region to selectively form a lightly doped 
second conductivity type region. By the step, a concentra 
tion distribution is formed in Which a concentration of ?rst 
conductivity type irnpurities increases from the ?rst conduc 
tivity type region toWard the lightly doped second conduc 
tivity type region. 
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SEMICONDUCTOR DEVICE HAVING IMPROVED 
SHORT CHANNEL RESISTANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device suited for small-siZed elements and a manufacturing 
method of the same. The present invention relates to, in 
particular, a semiconductor device capable of preventing 
impurity concentration from varying in the neighborhood of 
a pn junction surface and a manufacturing method of the 
same. 

[0003] 2. Description of the Related Art 

[0004] It is conventionally necessary to form a pn junction 
for most of semiconductor devices. In case of an n-channel 
MIS ?eld effect transistor (metal insulator semiconductor 
?eld effect transistor), for example, an n-type source region 
and an n-type drain region are formed at the surface of a 
p-type semiconductor substrate. Thus, the pn junctions are 
formed betWeen the substrate, and the source region and the 
drain region, respectively. In case of an npn-type bipolar 
transistor, an n-type emitter region is formed to come in 
contact With a p-type base region, the p-type base region is 
formed to come in contact With an n-type collector region. 
Thus, the pn junctions are formed betWeen the emitter region 
and the base region and betWeen the base region and the 
collector region, respectively. 

[0005] In a semiconductor device having such pn junc 
tions, if the impurity concentration of an n-type region is set 
higher than that of a p-type region, a pn junction is normally 
formed by the folloWing method. First, p-type impurities 
(boron, indium or the like) are injected into a predetermined 
region of a substrate. N-type impurities (arsenic, phospho 
rous, antimony or the like) having a concentration higher 
than that of the p-type impurities are injected only into a 
region to form an n-type region by means of ion implanta 
tion or thermal diffusion. If n-type impurities are injected by 
means of ion implantation, heat treatment is conducted to 
activate the impurities. As a result, a pn junction in Which the 
impurity concentration of the n-type region is higher than 
that of the p-type region, can be formed. 

[0006] In case of forming an n-channel MIS type FET, in 
particular, a pn junction is normally formed by the folloWing 
method. First, p-type impurities are injected into a semicon 
ductor substrate. A gate insulating ?lm is formed on the 
surface of the semiconductor substrate and a gate electrode 
is formed on the gate insulating ?lm. Using the gate elec 
trode as a mask, n-type impurities are injected into the 
surface of the semiconductor substrate by ion implantation. 
Thereafter, to activate the impurities, heat treatment is 
conducted. As a result, an n-type source region and an n-type 
drain region are formed in the region in Which the n-type 
impurities are injected. Obviously, in either case, it is 
necessary to conduct heat treatment after injecting impuri 
ties so as to thermally diffuse or activate the impurities. 

[0007] If a pn junction is formed by the above-stated 
method, hoWever, or if a pn junction (N+/p junction) con 
sisting of a p-type region into Which boron as p-type 
impurities is injected and an n-type region having a higher 
impurity concentration than that of the p-type region, in 
particular, the spatial distribution of boron is changed by 
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heat treatment. This disadvantageously results in the dete 
rioration of the characteristics of semiconductor elements. 
This phenomenon does not cause a serious problem to a 
conventional large-siZed semiconductor element. As for 
recent small-siZed semiconductor elements or an MIS-type 
FET, in particular, it is, hoWever, Well knoWn that the 
variation of the spatial boron distribution has considerably 
adverse effect on semiconductor element characteristics (D. 
K. Sadana et al.,: “Enhanced Short Channel Effects in 
NMOSFETs due to Boron Redistribution Induced by 
Arsenic Source and Drain Implant”, IEDM Technical 
Digest, IEEE, 1992, pp. 849-852). 
[0008] That is to say, if a pn junction consisting of a p-type 
region into Which boron is injected and an n-type region 
having a higher impurity concentration than that of the 
p-type region is formed, boron is absorbed into the n+ region 
during heat treatment. Due to this, boron concentration is 
reduced in the vicinity of the boundary line of the N+/p 
junction in the p-type region. If this phenomenon appears in 
an n-channel MIS-type FET, boron concentration betWeen 
the source and drain regions is reduced. The reduction of 
boron concentration is more conspicuous if the distance 
betWeen the source and drain regions, i.e., a channel length 
is shorter. Thus, a short channel effect, i.e., the phenomenon 
that the shorter the channel, the loWer the threshold of the 
FET, is higher, making it difficult to form elements having 
very small (short channel) dimensions. This phenomenon is 
particularly serious if an MIS type FET having a channel 
length of 0.1 pm or less is formed. 

[0009] Considering the above, there is proposed a method 
of manufacturing a ?eld effect transistor to form a source 
region and a drain region by means of Halo injection or 
pocket injection (Japanese Patent Application Laid-Open 
Nos. Hei 6-244196, 8-330587 and 9-181307). FIGS. 1A 
and 1B are cross-sectional vieWs shoWing the structure of a 
conventional semiconductor device. 

[0010] As shoWn in FIGS. 1A and 1B, an element sepa 
ration insulating ?lm 26 is formed at the surface of a 
semiconductor substrate 21. Boron is injected into regions 
de?ned by the element separation insulating ?lm 26 and a 
p-type element region is formed. Also, a gate insulating ?lm 
25 and a gate electrode 24 on the gate insulating ?lm 25 are 
formed. First n-type regions 23a for putting a channel region 
beloW the gate electrode 24 betWeen themselves are formed 
at the surface of the element region. 

[0011] Furthermore, a boron injection region 22a or 22b 
into Which boron ions are implanted is formed at a channel 
region side contacting With the n-type region 23a in the 
element region. A sideWall insulating ?lm 27 is formed on 
the sideWall of the gate electrode 24. N-type impurity ions 
are implanted into regions Which are not covered With the 
sideWall insulating ?lm 27 and the second n-type region 23b 
deeper than the n-type region 23a is formed. Thus, a 
source-drain region 23 consisting of the n-type regions 23a 
and 23b is formed. 

[0012] In the conventional semiconductor device consti 
tuted as stated above, the boron injection region 22a or 22b 
is formed by ion implantation so as to protrude the region 
toWard the channel region side of the n-type region 23a and 
23b. The boron injection region 22a or 22b is formed by, for 
eXample, oblique ion implantation for implanting ions into 
the element region from the oblique direction With respect to 
a direction perpendicular to the surface of the substrate 21. 



US 2002/0070413 A1 

[0013] FIG. 2 is a graph showing the distribution of 
impurity concentration at the surface of the semiconductor 
substrate shoWn in FIG. 1A, While the vertical aXis indicates 
impurity concentration and the horizontal aXis indicates the 
position of the semiconductor substrate. In FIG. 2, a broken 
line 36 indicates the concentration of p-type irnpurities 
injected into the surface of the semiconductor substrate 21, 
a dashed line 34 indicates the concentration of n-type 
irnpurities at the surface of the semiconductor substrate 21. 
A solid line 35 indicates the concentration of p-type irnpu 
rities at the surface of the semiconductor substrate 21 after 
heat treatment. 

[0014] As shoWn in FIG. 1A, in the conventional serni 
conductor device, the boron injection region 22a is formed 
so as to protrude the region 22a toWard the channel region 
side of the n-type region 23a or 23b. Therefore, the neigh 
borhood of the boundary line of the N”/p junction in the 
p-type region has a higher boron concentration than the 
remaining portions in the p-type region. OWing to this, 
boron is absorbed into the highly doped N” region by heat 
treatment and boron concentration of the neighborhood of 
the boundary line of the N”/p junction in the p-type region 
is reduced. Further, boron concentration is increased in the 
neighborhood of the boundary line of the N”/p junction in 
the N” region. Even if a loWer concentration portion 32 and 
a higher concentration portion 33 are formed, it is possible 
to prevent the occurrence of a short channel effect to the 
transistor. Narnely, in the conventional semiconductor 
device shoWn in FIGS. 1A and 1B, the boron injection 
regions 22a and 22b are formed to correct concentration 
distribution by the addition of concentrations. 

[0015] MeanWhile, as shoWn in FIGS. 1A and 1B, to 
offset the loWered concentration of the loWer concentration 
portion 32 by making boron concentration high in the 
neighborhood of the boundary line of the N”/p junction in 
the p-type region in advance, it is necessary to protrude the 
boron injection region 22a or 22b toWard the channel region 
side of the n-type region 23a or 23b by about several tens of 
nanorneters in Width With high accuracy. 

[0016] The thickness and Width of the boron injection 
regions 22a and 22b are, hoWever, dif?cult to control 
independently. According to the oblique ion implantation 
susceptible to the shape of the sideWall of the gate electrode 
24, it is dif?cult to protrude the boron injection regions 22a 
and 22b by about several tens of nanorneters in Width With 
high accuracy. In addition, since boron in the p-type region 
is diffused faster than in the N” region, boron that is injected 
to protrude toWard the p-type region is easily absorbed into 
the N” region or diffused into the p-type region during heat 
treatment. 

[0017] As can be understood from the above, in the 
conventional semiconductor device shoWn in FIGS. 1A and 
1B, the loWered concentration of the loWer concentration 
portion 12 cannot be strictly offset even With the boron 
injection regions 22a and 22b formed to protrude toWard the 
p-type region. As a result, the irregular distribution of boron 
concentration occurs as indicated by the solid line 35 in 
FIG. 2. Further, even if the method of forming the boron 
injection regions 22a and 22b is employed, it is not possible 
to suppress the formation of the higher concentration portion 
33 in the n-type region. This means that the boron ion 
irnplanted region cannot be controlled With high accuracy 
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even With the conventional method of simply adding irnpu 
rity concentrations. Besides, since boron diffusion is difficult 
to control, it is not possible to suf?ciently suppress the 
occurrence of a short channel effect. 

SUMMARY OF THE INVENTION 

[0018] It is, therefore, an object of the present invention to 
provide a semiconductor device and a manufacturing 
method of the same capable of preventing irnpurity concen 
tration frorn varying in the neighborhood of a pn junction 
plane, preventing a threshold from loWering by a short 
channel effect and obtaining good elernent characteristics. 

[0019] According to one aspect of the present invention, a 
semiconductor device may comprise a ?rst conductivity type 
region, a second conductivity type region formed to contact 
With the ?rst conductivity type region, and a lightly doped 
second conductivity type region formed in the second con 
ductivity type region and having a loWer net impurity 
concentration than that of the second conductivity type 
region. A concentration distribution is formed in Which a 
concentration of ?rst conductivity type irnpurities increases 
from the ?rst conductivity type region toWard the lightly 
doped second conductivity type. 

[0020] According to another aspect of the present inven 
tion, a semiconductor device may comprise a ?rst conduc 
tivity type region, a gate insulating ?lrn selectively formed 
on the ?rst conductivity type region, a gate electrode formed 
on the gate insulating ?lrn, and a channel region forrned 
beloW the gate electrode at a surface of the ?rst conductivity 
type region. The semiconductor device may further corn 
prise second conductivity type source-drain regions formed 
in regions putting the channel region between themselves, 
and lightly doped source-drain regions formed in the second 
conductivity type source-drain regions, respectively, and 
having a loWer net impurity concentration than that of the 
second conductivity type source-drain regions. Concentra 
tion distributions are formed in Which a concentration of ?rst 
conductivity type irnpurities increases from the ?rst conduc 
tivity type region toWard the lightly doped source-drain 
regions. 

[0021] It should be noted that “a net irnpurity concentra 
tion” means an impurity concentration obtained by subtract 
ing a concentration of the ?rst conductivity type irnpurity 
from that of the second conductivity type impurity in the 
region. 

[0022] The ?rst conductivity type region may be formed at 
a surface of a semiconductor substrate. 

[0023] According to another aspect of the present inven 
tion, a semiconductor device manufacturing method may 
comprise the steps of injecting ?rst conductivity type irnpu 
rities into a semiconductor substrate to selectively form a 
?rst conductivity type region, injecting second conductivity 
type irnpurities into a predetermined region in the ?rst 
conductivity type region, the second conductivity type 
irnpurities being higher in concentration than that of the ?rst 
conductivity type irnpurity to selectively form a second 
conductivity type region, and selectively injecting ?rst con 
ductivity type irnpurities into the second conductivity type 
region to selectively form a lightly doped second conduc 
tivity type region. By the step, a concentration distribution 
is formed in Which a concentration of ?rst conductivity type 
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impurities increases from the ?rst conductivity type region 
toward the lightly doped second conductivity type region. 

[0024] According to another aspect of the present inven 
tion, a semiconductor device manufacturing method may 
comprise the steps of injecting ?rst conductivity type impu 
rities into a semiconductor substrate to selectively form a 
?rst conductivity type region, injecting ?rst conductivity 
type impurities into a predetermined region in the ?rst 
conductivity region to form a highly doped ?rst conductivity 
type region having a higher impurity concentration than that 
of the ?rst conductivity type region, and injecting second 
conductivity type impurities into a region surrounding the 
highly doped ?rst conductivity type region to change the 
highly doped ?rst conductivity type region to a lightly doped 
second conductivity type region and to form a second 
conductivity type region surrounding the lightly doped sec 
ond conductivity type region. By the step, a concentration 
distribution is formed in Which a concentration of ?rst 
conductivity type impurities increases from the ?rst conduc 
tivity type region toWard the lightly doped second conduc 
tivity type region. 

[0025] The manufacturing method may comprise a step of 
forming a gate electrode on the ?rst conductivity type region 
after the step of forming the ?rst conductivity type region. 
The second conductivity type region may be obtained by 
injecting second conductivity type impurities by ion implan 
tation While the gate electrode is used as a mask. 

[0026] The lightly doped second conductivity type region 
may be obtained by injecting ?rst or second conductivity 
type impurities by ion implantation While using the gate 
electrode as a mask. 

[0027] Moreover, the ?rst conductivity type impurities 
are, for eXample, boron impurities. 

[0028] In the conventional semiconductor device, a sec 
ond conductivity type region is formed by injecting second 
conductivity type impurities higher in concentration than 
?rst conductivity type impurities into a predetermined 
region in the ?rst conductivity type region, into Which the 
?rst conductivity type impurities has been injected. After 
forming a pn junction by such a method, if heat treatment or 
the like, for eXample, is conducted, the ?rst conductivity 
type impurities are absorbed into the second conductivity 
type region side in the vicinity of the interface of the ?rst 
conductivity type region With the second conductivity type 
region, i.e., in the vicinity of the pn junction part. As a result, 
the concentration of the ?rst conductivity type impurities 
decreases. If the concentration of the ?rst conductivity type 
impurities decreases in the vicinity of the pn junction part in 
the ?rst conductivity region, the deterioration of the char 
acteristics of the semiconductor device, such as the decrease 
of a threshold voltage value due to a short channel effect, 
occurs. 

[0029] According to the present invention, by contrast, the 
concentration distribution of the ?rst conductivity type 
impurities is adjusted so that the concentration of the ?rst 
conductivity type impurities increases from the ?rst conduc 
tivity type region toWard the lightly doped second conduc 
tivity type region. Therefore, even if the ?rst conductivity 
type impurities are absorbed by the second conductivity type 
region side and the concentration of the ?rst conductivity 
type impurities decreases in the vicinity of the pn junction 
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part in the ?rst conductivity type region, the ?rst conduc 
tivity type impurities are diffused from the lightly doped 
second conductivity type region into the region, in Which the 
impurity concentration is loWered. Thus, the How of the ?rst 
conductivity type impurities is offset and it is, therefore, 
possible to prevent the concentration of the ?rst conductivity 
type impurities in the ?rst conductivity type region from 
decreasing. As a result, if the present invention is applied to, 
for eXample, an MIS type FET, it is possible to suppress the 
occurrence of a short channel effect and to thereby obtain a 
semiconductor device having eXcellent characteristics. 

[0030] Furthermore, according to the method of the 
present invention, compared With other methods of prevent 
ing the decrease of impurity concentration, in Which the ?rst 
conductivity type impurities are injected, in advance, into a 
region in Which the concentration of the ?rst conductivity 
type impurities is loWered, there is no to strictly control the 
range of forming the lightly doped second conductivity type 
region and the concentration distribution. Hence, it is pos 
sible to easily manufacture a semiconductor device having 
eXcellent characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIGS. 1A and 1B are cross-sectional vieWs shoW 
ing the structure of a conventional semiconductor device; 

[0032] FIG. 2 is a graph shoWing the distribution of 
impurity concentration at the surface of a semiconductor 
substrate shoWn in FIG. 1A; 

[0033] FIGS. 3A and 3B are cross-sectional vieWs shoW 
ing a semiconductor manufacturing method in one embodi 
ment according to the present invention in the order of steps; 

[0034] FIG. 4 is a graph shoWing the distribution of 
impurity concentration in a cross-section along a line A-A at 
the surface of a semiconductor substrate shoWn in FIG. 3A; 
and 

[0035] FIG. 5 is a graph shoWing the distribution of 
impurity concentration at the surface of the semiconductor 
substrate in Which a boron injection region is not formed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0036] Hereinafter, a semiconductor device and a manu 
facturing method of the same in one embodiment according 
to the present invention Will be speci?cally described With 
reference to the accompanying draWings. FIGS. 3A and 3B 
are cross-sectional vieWs shoWing the manufacturing 
method of a semiconductor device in one embodiment 
according to the present invention in the order of steps. It is 
noted that this embodiment concerns the manufacturing 
method of an n-channel MIS type FET. 

[0037] As shoWn in FIG. 3A, ?rst, an element separation 
insulating ?lm 6 is formed on the surface of a semiconductor 
substrate 1 and an element region is de?ned. NeXt, boron is 
injected into the element region by means of ion implanta 
tion or the like and a p-type element region (?rst conduc 
tivity type region) is obtained. An insulating ?lm and a 
conductive ?lm are sequentially formed on the surface of the 
element region. They are etched into predetermined shapes 
to form a gate insulating ?lm 5 and a gate electrode 4. Using 
the gate electrode 4 as a mask, n-type impurities 9 such as 
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arsenic, phosphorous, antimony or the like are injected by 
ion implantation With a higher concentration than the impu 
rity concentration in the p-type element region, thereby 
selectively forming the ?rst n-type region (second conduc 
tivity type region) 3a at the surface of the element region. 

[0038] Thereafter, boron is injected by ion implantation 
into the surface of the n-type region 3a and a boron injection 
region (lightly doped second conductivity type region) 2 is 
formed. The boron injection region 2 is formed to be 
surrounded by the n-type region 3a in the thickness direction 
of the substrate and if seen tWo-dimensionally. It is prefer 
able that ions of a boron compound having a heavier 
molecular Weight than that of a boron ion such as B132", 
B1OH14+ and the like are used as ion species during boron 
injection to form the boron injection region 2. This is 
because the boron injection region 2 is formed shalloWer 
than the n-type region 3a. It is also preferable that boron ions 
or boron compound ions to form the boron injection region 
2 are implanted from the direction perpendicular to the 
surface of the substrate 1 so as to form the boron injection 
region 2 in a narroWer range than that of the n-type region 
3a. 

[0039] To form the boron injection region 2 in a narroWer 
range than that of the n-type region 3a, it is possible to use 
a method in Which the n-type region 3a is formed and then 
a thin sideWall insulating ?lm 8 is formed on the sideWall 
surface of the gate electrode 4 before ion implantation to 
form the boron injection region 2. Further, at the time of 
forming the n-type region 3a, ions may be implanted in the 
direction oblique to the direction perpendicular to the sur 
face of the substrate 1 to thereby form an n-type region 3a 
far beloW the gate electrode 4. The n-type region 3a may be 
formed after forming the boron injection region 2. In the 
latter case, after a p-type element region (?rst conductivity 
type region) is formed, p-type impurities are injected into a 
predetermined region in this element region to thereby form 
a highly doped p-type region (highly doped ?rst conductiv 
ity type region) having a higher impurity concentration than 
that of the element region. Thereafter, n-type impurities are 
injected into a region surrounding the boron injection region 
2, Whereby the highly doped p-type region can be made a 
lightly doped n-type region and an n-type region 3a sur 
rounding the lightly doped n-type region can formed. 

[0040] Then, as shoWn in FIG. 3B, 21 sideWall insulating 
?lm 7 is formed on the sideWall surface of the gate electrode 
4. Using the gate electrode 4 and the sideWall insulating ?lm 
7 as a mask, n-type impurities such as arsenic, phosphorous 
or antimony are injected into the surface of element region 
by ion implantation. Thus, the second n-type region 3b 
deeper than the n-type region 3a is formed beloW the n-type 
region 3a extending from a region distant from and beloW 
the gate electrode 4 toWard the element separation insulating 
?lm 6. As a result, source-drain regions 3 each including the 
n-type regions 3a and 3b are formed. As n-type impurities to 
form the n-type regions 3a and 3b, it is particularly desirable 
to use arsenic or antimony, Which is dif?cult to diffuse. 

[0041] In this embodiment, ion implantation conditions 
for forming the boron injection region 2 can be, for example, 
ion species of B132", injection energy of 1 to 15 keV and 
dosage of 5><1012 to 5><1013 cm_2. Ion implantation condi 
tions for forming the n-type region 3a can be, for example, 
ion species of As", injection energy of 1 to 15 keV and 
dosage of 1><1014 to 2><1015 cm_2. 
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[0042] In the semiconductor device thus manufactured in 
this embodiment, the source-drain region 3 of LDD (Lightly 
Doped Drain) structure or extension structure is formed out 
of the ?rst n-type region 3a and the second n-type region 3b 
formed deeper than the ?rst n-type region 3a. The source 
drain regions 3 are formed at the surface of p-type semi 
conductor substrate so as to put a channel region formed 
beloW the gate electrode betWeen them. Therefore, electric 
conduction betWeen the source region and the drain region 
betWeen Which the channel region is put, is controlled by 
voltage applied to the gate electrode 4. 

[0043] FIG. 4 is a graph shoWing the concentration dis 
tribution of impurities in a cross-section along line A-A at 
the surface of the semiconductor substrate shoWn in FIG. 
3B, While the vertical axis indicates impurity concentration 
and the horiZontal axis indicates the position of an element 
on the semiconductor substrate. FIG. 5 is a graph shoWing 
the concentration distribution of impurities at the surface of 
the semiconductor substrate in Which no boron injection 
region 2 is formed, While the vertical axis indicates impurity 
concentration and the horiZontal axis indicates the position 
of an element on the semiconductor substrate. It is noted that 
FIGS. 4 and 5 shoW impurity concentration distributions 
from one of the source-drain regions toWard the channel 
region. A dashed line 14 indicates the concentration of the 
n-type impurities at the surface of the semiconductor sub 
strate and solid lines 15a and 15b indicate the concentrations 
of p-type impurities there. Further, a broken line 16 shoWn 
in FIG. 5 indicates the concentration of p-type impurities at 
the surface of the semiconductor substrate before heat 
treatment. Next, description Will be given to the functions 
and effects obtained by providing the boron injection region 
2 With reference to FIGS. 4 and 5. 

[0044] In this embodiment, the boron injection region 2 is 
formed Within each source-drain region 3 including the 
n-type regions 3a and 3b and the boron injection region 2 
also constitutes a part of the source-drain region 3. The 
boron concentration of the boron injection region 2 is set 
higher than the concentration of p-type impurities in the 
element region at the semiconductor substrate 1. Thus, a 
p-type concentration distribution in Which the concentration 
of the p-type impurities increases from the element region 
toWard the boron injection region 2. As shoWn in FIG. 4, 
therefore, p-type impurities (boron) are offset by the n-type 
impurities in the n-type regions 3a and 3b and to thereby 
form an electrically lightly doped n-type region. As can be 
seen from the above, the region having the n-type impurity 
concentration higher than the p-type impurity concentration 
is the source-drain region including the n-type regions 3a 
and 3b and the region having the p-type impurity concen 
tration higher than the n-type impurity concentration is the 
p-type region at the semiconductor substrate 1. 

[0045] As shoWn in FIG. 5, the boron concentration prior 
to heat treatment indicated by the broken line 16 is constant 
in the semiconductor device in Which no boron injection 
region 2 is formed. The boron concentration after heat 
treatment indicated by the solid line 15b decreases in the 
vicinity of the interface betWeen the p-type region and the 
n-type region to thereby form a loWer concentration part 12. 
And the boron concentration increases in the vicinity of the 
interface betWeen the n-type region and the p-type region 
Within the n-type region to thereby form a higher concen 
tration part 13. 
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[0046] The inventors of the present invention conducted 
research on a mechanism for the occurrence of the change of 
the boron concentration distribution. As a result, they dis 
covered that an electric ?eld is generated in a region 11 in 
the vicinity of the interface betWeen the n-type region and 
the p-type region Within the n-type region by the contact 
potential difference betWeen the n-type region and the p-type 
region. Most of boron impurities introduced into the element 
region are negatively charged and the negatively charged 
boron ions are attracted by the electric ?eld of the region 11 
during heat treatment and moved to be distant from the 
channel region (in left direction in FIG. 5). The moved 
boron ions are more accumulated in the region distant from 
the channel region than in the region 11 and a higher 
concentration part 13 in Which boron concentration is higher 
is formed in the n-type region. MeanWhile, boron impurities 
are taken out from the neighborhood of the interface 
betWeen the n-type region and the p-type region to thereby 
form the loWer concentration part 12. The decrease of the 
boron concentration in this channel region causes the short 
channel effect in the MIS type FET to increase. 

[0047] In this embodiment, by contrast, the boron injec 
tion region 2 is formed in the source-drain region 3 including 
the n-type regions 3a and 3b and a p-type concentration 
distribution in Which the p-type impurity concentration 
increases from the element region toWard the boron injection 
region 2 is formed, as shoWn in FIG. 4. Therefore, the 
gradient of boron concentration is formed in the region 11, 
in Which the electric ?eld exists. In the semiconductor 
device in this embodiment, boron impurities existing in the 
interface betWeen the n-type region and the p-type region 
How in a direction in Which the boron impurities are distant 
from the channel region by the electric ?eld generated in the 
region 11. 

[0048] At the same time, the gradient of boron concentra 
tion existing in the region 11 causes boron to diffuse toWard 
the channel region. In this Way, in this embodiment, the How 
of boron to be distant from the channel region by the electric 
?eld and that of boron diffused toWard the channel region by 
the concentration gradient of p-type impurities are offset by 
each other. As a result, the change of the boron concentration 
distribution before and after heat treatment can be sup 
pressed, so that the loWer boron concentration part 12 
disappears in the p-type region and the higher boron con 
centration part 13 disappears in the n-type region. In this 
embodiment, therefore, the increase of the short channel 
effect can be suppressed by the boron injection region 2, 
Which can be easily formed by conducting ion implantation 
in a self-aligned manner While using the gate electrode 4 as 
a mask, as in the case of forming the n-type region 3a. The 
decrease of the threshold value in the ?eld effect transistor 
can be prevented as Well. 

[0049] As stated above, in this embodiment, the diffusion 
of boron in the boron injection region 2 outside the n-type 
region is employed to cancel the decrease of concentration 
at the loWer concentration part 12. The diffusion of boron is 
sloW in the n-type region and the electric ?eld in the region 
11 advantageously encloses boron Within the n-type region. 
OWing to this, it is possible to automatically obtain a 
uniform boron concentration distribution, as shoWn in FIG. 
4, Without the need to accurately control the concentration 
distribution of boron injected to form the boron injection 
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region 2. In this embodiment, it is possible to easily manu 
facture a semiconductor device having excellent perfor 
mance. 

[0050] In case of forming an n-channel MIS type FET 
having a channel length of about 0.05 to 0.1 pm, the boron 
concentration in the p-type region is preferably set to be 
betWeen ><1017 to ><1018 cm_3. In that case, according to the 
study While using a physical model simulating a diffusion 
phenomenon, the boron concentration in the boron injection 
region 2 is preferably set to be tWo to six times higher than 
that in the p-type region. 

[0051] According to the present invention, it suf?ces if the 
boron injection region 2 is formed in the source-drain region 
3. If the relative position betWeen the source-drain region 3 
and the boron injection region 2 satis?es the relationship 
shoWn in FIG. 3B, the same effect can be obtained even if 
the con?guration of the source-drain region 3 is changed in 
the other portions. In the present invention, for example, the 
formation of the sideWall 7 and the second n-type region 3b 
formed deeper than the ?rst n-type region 3a may be omitted 
to decrease the number of steps. In this embodiment shoWn 
in FIG. 3B, the boron injection region 2 is formed to be 
exposed to the surface of the semiconductor substrate. In this 
embodiment, hoWever, the boron injection region 2 is not 
alWays formed to be exposed to the substrate surface. 
Additionally, a semiconductor substrate into Which p-type 
impurities are injected may be used instead of forming the 
p-type element region at the surface of the semiconductor 
substrate 1. 

[0052] The above-stated embodiment concerns a case of 
taking, as an example, an n-channel MIS type FET employ 
ing boron Which exhibits most conspicuously the change of 
an impurity distribution as impurities injected into the 
substrate. If the present invention is applied to the MIS type 
FET as stated in the embodiment, it is possible to ef?ciently 
suppress the occurrence of a short channel effect. It is 
possible to easily form, in particular, a small-siZed MIS type 
FET having a channel length of 0.1 pm or less Which has 
been conventionally dif?cult to manufacture. 

[0053] According to the present invention, impurities 
other than boron impurities can be used for the impurity 
redistribution generated by the same mechanism as that in 
case of using boron impurities. Furthermore, the present 
invention is applicable to a p-channel MIS type PET in 
Which the conductivity type of impurities is reversed. In the 
latter case, the codes of voltage and charge in the above 
embodiment are reversed, boron impurities can be replaced 
by n-type impurities and n-type impurities can be replaced 
by p-type impurities. Further, the present invention is appli 
cable to not only an MIS type FET but also all other 
semiconductor devices having pn junctions. 

[0054] As stated above, according to the present invention, 
the ?rst conductivity type impurities are selectively injected 
into the second conductivity type region formed Within the 
?rst conductivity type region to thereby selectively form a 
lightly doped second conductivity type region. Therefore, 
the concentration distribution of the ?rst conductivity type 
impurities in Which the concentration of the ?rst conductiv 
ity type impurities increases from the ?rst conductivity type 
region toWard the lightly doped second conductivity type 
region is obtained. Accordingly, it is possible to offset the 
decrease of the concentration of the ?rst conductivity type 
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impurities Which occurs at the neighborhood of the interface 
betWeen the ?rst and second conductivity type regions in the 
?rst conductivity type region by the diffusion of the ?rst 
conductivity type impurities from the lightly doped second 
conductivity type region. As a result, it is possible to prevent 
the concentration of the ?rst conductivity type impurities in 
the ?rst conductivity type region from decreasing and to 
thereby obtain a semiconductor device having eXcellent 
element characteristics. 

What is claimed is: 
1. A semiconductor device comprising: 

a ?rst conductivity type region; 

a second conductivity type region formed to contact With 
said ?rst conductivity type region; and 

a lightly doped second conductivity type region formed in 
said second conductivity type region and having a 
loWer net impurity concentration than that of said 
second conductivity type region, a concentration dis 
tribution being formed in Which a concentration of ?rst 
conductivity type impurities increases from said ?rst 
conductivity type region toWard said lightly doped 
second conductivity type. 

2. A semiconductor device comprising: 

a ?rst conductivity type region; 

a gate insulating ?lm selectively formed on said ?rst 
conductivity type region; 

a gate electrode formed on said gate insulating ?lm; 

a channel region formed beloW said gate electrode at a 
surface of said ?rst conductivity type region; 

second conductivity type source-drain regions formed in 
regions putting said channel region betWeen them 
selves; and 

lightly doped source-drain regions formed in said second 
conductivity type source-drain regions, respectively, 
and having a loWer net impurity concentration than that 
of said second conductivity type source-drain regions, 
concentration distributions being formed in Which a 
concentration of ?rst conductivity type impurities 
increases from said ?rst conductivity type region 
toWard said lightly doped source-drain regions. 

3. The semiconductor device according to claim 1, 
Wherein said ?rst conductivity type region is formed at a 
surface of a semiconductor substrate. 

4. The semiconductor device according to claim 2, 
Wherein said ?rst conductivity type region is formed at a 
surface of a semiconductor substrate. 

5. The semiconductor device according to claim 1, 
Wherein said ?rst conductivity type impurities are boron 
impurities. 

6. The semiconductor device according to claim 2, 
Wherein said ?rst conductivity type impurities are boron 
impurities. 

7. The semiconductor device according to claim 1, 
Wherein said concentration distribution eXists in said second 
conductivity type region. 

8. The semiconductor device according to claim 2, 
Wherein said concentration distribution exists in each of said 
second conductivity type source-drain regions. 
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9. A semiconductor device manufacturing method com 
prising the steps of: 

injecting ?rst conductivity type impurities into a semi 
conductor substrate to selectively form a ?rst conduc 
tivity type region; 

injecting second conductivity type impurities into a pre 
determined region in said ?rst conductivity type region, 
said second conductivity type impurities being higher 
in concentration than that of said ?rst conductivity type 
impurity to selectively form a second conductivity type 
region; and 

selectively injecting ?rst conductivity type impurities into 
said second conductivity type region to selectively 
form a lightly doped second conductivity type region, 
Whereby a concentration distribution is formed in 
Which a concentration of ?rst conductivity type impu 
rities increases from said ?rst conductivity type region 
toWard said lightly doped second conductivity type 
region. 

10. A semiconductor device manufacturing method, com 
prising the steps of: 

injecting ?rst conductivity type impurities into a semi 
conductor substrate to selectively form a ?rst conduc 
tivity type region; 

injecting ?rst conductivity type impurities into a prede 
termined region in said ?rst conductivity region to form 
a highly doped ?rst conductivity type region having a 
higher impurity concentration than that of said ?rst 
conductivity type region; and 

injecting second conductivity type impurities into a region 
surrounding said highly doped ?rst conductivity type 
region to change said highly doped ?rst conductivity 
type region to a lightly doped second conductivity type 
region and to form a second conductivity type region 
surrounding said lightly doped second conductivity 
type region, Whereby a concentration distribution is 
formed in Which a concentration of ?rst conductivity 
type impurities increases from said ?rst conductivity 
type region toWard said lightly doped second conduc 
tivity type region. 

11. The semiconductor manufacturing method according 
to claim 9, Which further comprising a step of forming a gate 
electrode on said ?rst conductivity type region after the step 
of forming said ?rst conductivity type region, Wherein said 
second conductivity type region is obtained by injecting 
second conductivity type impurities by ion implantation 
While said gate electrode is used as a mask. 

12. The semiconductor manufacturing method according 
to claim 10, Which further comprising a step of forming a 
gate electrode on said ?rst conductivity type region after the 
step of forming said ?rst conductivity type region, Wherein 
said second conductivity type region is obtained by injecting 
second conductivity type impurities by ion implantation 
While said gate electrode is used as a mask. 

13. The semiconductor manufacturing method according 
to claim 11, Wherein said lightly doped second conductivity 
type region is obtained by injecting ?rst conductivity type 
impurities by ion implantation While using said gate elec 
trode as a mask. 

14. The semiconductor manufacturing method according 
to claim 12, Wherein said lightly doped second conductivity 
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type region is obtained by injecting second conductivity type 
impurities by ion implantation While using said gate elec 
trode as a mask. 

15. The semiconductor manufacturing method according 
to claim 9, Wherein said ?rst conductivity type impurities are 
boron impurities. 

16. The semiconductor manufacturing method according 
to claim 10, Wherein said ?rst conductivity type impurities 
are boron impurities. 
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17. The semiconductor manufacturing method according 
to claim 9, Wherein said concentration distribution eXists in 
said second conductivity type region. 

18. The semiconductor manufacturing method according 
to claim 10, Wherein said concentration distribution eXists in 
said second conductivity type region. 


