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(57) ABSTRACT 

A disclosed semiconductor device includes multiple gate 
electrodes disposed on a semiconductor substrate; and mul­
tiple sidewall spacers disposed on sidewalls of the gate elec­
trodes. The thickness of the sidewall spacers is larger on the 
sidewalls along longer sides of the gate electrodes than on the 
sidewalls along shorter sides of the gate electrodes. 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD OF THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation applica­
tion filed under 35 U.S.C. 11 l(a) claiming benefit under 35 
U.S.C. 120 and 365(c) of PCT International Application No. 
PCT/JP2007/055351, filed on Mar. 16, 2007, the entire con­
tents of which are incorporated herein by reference. 

FIELD 

[0002] The present disclosure is directed to a semiconduc­
tor device and a manufacturing method of the same, and in 
particular to a gate structure of a MOS semiconductor device 
and a manufacturing method of the same. 

BACKGROUND 

[0003] As illustrated in FIG. 1, SRAMs (static random 
access memories) are characterized by having gate patterns 
15 aligned, in a broken-line manner, perpendicularly to active 
regions 18. According to the example of FIG. 1, the SRAM 
has point-symmetric cell structures, and two transfer transis­
tors and two CMOS (complementary metal oxide semicon­
ductors) inverters are provided in each cell 100 symmetrically 
around a point. 
[0004] In reducing the size of a SRAM, it becomes a key 
issue ofhow much a protruding amount B of each gate pattern 
15 from the active region 18 can be reduced, as illustrated in 
the dashed-line box A. Next is described a current problem 
with a focus on, for example, driver transistors of the SRAM 
of FIG. 1. 
[0005] FIG. 2 is an enlarged view oftheregionAofFIG.1, 
and illustrates the setback position of a gate end portion 
created in a gate etching process. In general, end portions of 
gates 25 formed by the gate etching process are located in 
setback positions in resist patterns (gate patterns) 15. There­
fore, the gate protruding amount B needs to be sufficiently 
provided in advance when the resist patterns are formed, in 
view of the setback amount of the gate etching. This, in tum, 
requires providing sufficient spacing "d" between the active 
regions 18 in view of the setback amount of the gate etching, 
which prevents a reduction in the size of the SRAM device. 
[0006] FIG. 3 illustrates a setback of the gate end portion 
after the gate etching and device failure. In the case where the 
gate protruding amount B (see FIG. 1) is sufficiently pro­
vided, the source and the drain are separated by the gate, as 
illustrated in FIG. 3A, and therefore, a favorable transistor 
may be formed. However, if the gate protruding amount is 
insufficient, the gate end is positioned posteriorly by expo­
sure of polysilicon during the patterning process and the gate 
etching. As a result, as illustrated in FI GS. 3 B and 3C, the gate 
end portion does not sufficiently overlap the active region (the 
source and drain). In particular, in the case of FIG. 3C, the 
source and the drain are not separated by the gate, causing a 
short circuit, and thus, the device is completely defective. In 
the case of FIG. 3B, although the source and the drain are 
separated by the gate and the sidewall, the gate length is 
different from that of the favorable device (FIG. 3A). Accord­
ingly, there are differences in the device properties, and there­
fore, the device of FIG. 3B is also determined as defective. 
[0007] The above description is given with an example of a 
driver transistor near a cell boundary; however, the same 
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problem may occur for the protruding amounts of the transfer 
gates within the cells of FIG. 1. 
[0008] Gate double patterning has recently attracted atten­
tion as a technology for preventing setbacks of gate etching 
end portions and decreasing cell sizes ofSRAMs by reducing 
the space "d" between the active regions 18 of FIG. 2 (For 
example, see M. Kanda, et al, "Highly Stable 65 nm Node 
(CMOS5) 0.56 µm2 SRAM Cell Design for Very Low Opera­
tion Voltage", 2003 Symposium on VLSI Technology Digest 
of Technical Papers, pp. 13-14 ). According to the technology, 
a single long gate pattern connecting adjacent gates is created 
first, and then etching is performed using a gate-separating 
mask 20 having an aperture 21 so as to form separated gates, 
as illustrated in FIGS. 4A through 4C. The technology does 
not cause setbacks of the gate end portions, and therefore, it is 
possible to reduce the space "d" between the active regions 18 
of FIG. 2. 
[0009] However, the inventors of the present disclosure 
have found a problem associated with the gate double pat­
terning of FIGS. 4A through 4C. If the gate 25 is cut at a 
position very close to the active region (the source and drain 
region) due to displacement of the gate-separating mask 20 
during the exposure process, as illustrated in FIG. SA, and a 
device is then created according to general procedures, 
changes occur in the current characteristics of the gate end 
portion. 
[0010] For example, four-way angled implantation is per­
formed in order to form a pocket 26, as illustrated in FIG. SB, 
then a sidewall (SW) 27 is formed by extension implantation, 
and a source-drain region 28 is formed, as illustrated in FIG. 
SC. In this case, ion implantation characteristics are different 
between a region adjacent to the edge along the gate end 
portion and the remaining region. Therefore, variation is 
caused in the current characteristics (the arrow b) close to the 
edge of the gate and the current characteristics (the arrow a) of 
the inside the gate. 
[0011] Devices produced in this manner cause property 
fluctuations, which become a factor of being defective. In 
order to prevent such property fluctuations, it is necessary to 
provide a sufficient amount of spacing "d" between the active 
regions 18 of FIG. 2 in view of a margin of exposure displace­
ment of the gate-separating mask and an implantation margin 
even in the case of performing the gate double patterning. 

SUMMARY 

[0012] According to one aspect of the present disclosure, a 
semiconductor device includes (a) multiple gate electrodes 
disposed over a semiconductor substrate; and (b) multiple 
sidewall spacers disposed on sidewalls of the gate electrodes. 
The thickness of the sidewall spacers is larger on the sidewalls 
along longer sides of the gate electrodes than on the sidewalls 
along shorter sides of the gate electrodes. 
[0013] The object and advantages of the disclosure will be 
realized and attained by means of the elements and combina­
tions particularly pointed out in the claims. 
[0014] It is to be understood that both the foregoing general 
description and the following detailed description are exem­
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

[0015] FIG. 1 shows a mask arrangement of gate electrodes 
and active regions in a general SRAM; 
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[0016] FIG. 2 illustrates a setback of a gate end portion 
formed by etching; 
[0017] FIGS. 3A through 3C illustrate the setback of the 
gate end portion and device failure; 
[0018] FIGS. 4A through 4C show a publicly known 
method of gate-electrode double patterning; 
[0019] FIGS. SA through SC illustrate problems associated 
with the conventional gate-electrode double patterning; 
[0020] FIGS. 6A through 6D illustrate a basic concept of 
the present disclosure; 
[0021] FIGS. 7A through 7F show manufacturing pro­
cesses of a semiconductor device according to one embodi­
ment of the present disclosure; 
[0022] FIG. 8 shows a modification of the semiconductor 
device of the present disclosure; 
[0023] FIG. 9 shows another modification of the semicon­
ductor device of the present disclosure; and 
[0024] FIG. 10 illustrates advantageous effects of the 
present disclosure. 

DESCRIPTION OF EMBODIMENTS 

[0025] Embodiments that describe the best mode for carry­
ing out the present disclosure are explained next with refer­
ence to the drawings. FIGS. 6A through 6D illustrate the basic 
concept of the present disclosure. The following description 
is given using an example of the driver transistors in the 
region A of FIG. 1. 
[0026] The present disclosure is directed to achieving a 
further size reduction compared to the conventional double 
patterning. First, unlike the conventional method, etching of 
the gate electrode 25 is performed based on a straight and 
continuous gate pattern, as illustrated in FIG. 6A. Then, 
pocket implantation is performed, as the gate electrode 25 
still remains continuous, so as to form pocket regions 26, as 
illustrated in FIG. 6B. Next, extension implantation is per­
formed, as the gate electrode 25 still remains continuous, so 
as to form sidewall spacers (hereinafter, simply referred to as 
"sidewalls" or "SWs") 27, and source/drain implantation is 
performed to form source/drain regions 28, as illustrated in 
FIG. 6C. Lastly, after impurity implantation is completed, the 
gate is cut and divided to form gate electrodes in designed 
shapes. 
[0027] According to this method, since the gate electrode 
25 and the sidewalls 27 are cut and divided at the end, impu­
rities are not implanted into a part of the substrate region from 
which the gate pattern has been removed. Therefore, the 
impurity characteristics immediately below the gate elec­
trode end portions never become asymmetrical, which results 
in stable operating characteristics. 
[0028] Unlike the conventional method, the sidewalls 27 
are provided only in the longitudinal direction of the gate (i.e. 
along the gate length direction) since the gate is cut and 
divided at the end, and are therefore absent from the interven­
ing region between two opposing driver transistors (FIG. 6D ). 
This allows the space "d" between the active regions 18 of 
FIG. 2 to be reduced, thus contributing to the size reduction of 
the cell structure. 
[0029] These structural and manufacturing features can 
also be applied to the structures and manufacturing methods 
of the transfer gates and load gates in the cells of FIG. 1. 
[0030] FIGS. 7A through 7F show manufacturing pro­
cesses of the semiconductor device according to one embodi­
ment of the present disclosure. The following description is 
also given using an example of the neighboring driver tran-
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sistors adjacent to the cell boundary in the SRAM, as illus­
trated in the region A of FIG. 1. 

[0031] First, as illustrated in FIG. 7A, active regions of the 
SRAM are defined by forming an element separating region 
(not shown), such as STI (shallow trench isolation), on a 
silicon substrate. Then, the following processes are per­
formed: well implantation; channel implantation; activation 
annealing; deposition of a gate oxide film; and deposition of 
a polysilicon film. The processes up to this point are per­
formed according to the conventional method. In the case of 
SRAMcells ofFIG.1, wells are formed in such a manner that 
a P well, an N well and a P well are aligned within one cell. 
[0032] Next, according to the conventional method, gate 
patterning is performed according to the SRAM gate patterns, 
using a mask with dashed and separated lines, as illustrated in 
FIG. 1. On the other hand, according to the embodiment of the 
present disclosure, straight and continuous patterns of the 
gate electrodes 25 are created, as illustrated in FIG. 7A. Note 
that, in the example of FIG. 7 A, the upper gate electrode 25 is 
cut in a post process so as to function as transfer gates, and the 
lower gate electrode 25 is cut in the post process so as to 
function as driver gates. 
[0033] Next, as illustrated in FIG. 7B, pocket implantation 
and extension implantation are performed, as in the case of 
the conventional method, so as to dispose the sidewalls 27 
formed, for example, of a CVD oxide film having a thickness 
of30 to 80 nm. Then, source/drain implantation is performed 
to form the source/drain regions 28. 
[0034] Next, as illustrated in FIG. 7C, a resist (not shown) 
is applied to the entire surface, and using the mask 20 having 
a predetermined opening 21, only a gate cut portion is 
exposed and etching is then performed. For the etching pro­
cess, RIE (reactive ion etching) may be employed using a 
mixed gas including HBr and oxygen under the conditions of 
a pressure ofbetween 1 and 100 Pa and a frequency of 13.56 
MHz. In addition, for example, a CVD nitride film having a 
thickness of 10 to 40 nm may be deposited as an etching hard 
mask before the application of the resist. 

[0035] Next, as illustrated in FIG. 7D, the resist is removed 
so as to obtain gate structures cut and separated in predeter­
mined shapes. In the case where a hard mask is used in the 
process of FIG. 7C, the CVD nitride film is removed by 
phosphoric acid after the removal of the resist. At this point, 
the basic structure according to one embodiment of the 
present disclosure is completed. Note however that, depend­
ing on conditions of a subsequent silicide process, silicide 
may eat away in the lateral direction (gate width direction) 
from cut gate edges 25a. In that case, the silicide corrosion 
from the gate edges 25a can be prevented by carrying out the 
following processes. 

[0036] That is, as illustrated in FIG. 7E, after the separation 
of the gate electrodes 25, thin sidewalls 29 having a width of 
about 5 to 20 nm are formed using a CVD oxide film. The thin 
sidewalls 29 cover the gate edges 25a of the gate electrodes 25 
exposed after the cut and separation process. 

[0037] Lastly, as illustrated in FIG. 7F, a silicide process is 
performed. A silicide metal, such as Ni or Co, is sputtered in 
a thickness of 2 to 30 nm, and first annealing is performed at 
a temperature of 200 to 600° C. Unreacted metal is removed 
by an acid solution, and then second annealing is performed at 
a temperature of300 to 900° C. NiSi (nickel silicide) or Co Si 
(cobalt silicide) is disposed over the gate electrodes 25 and 
the source/drain regions 28. 
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[0038] FIGS. 8 and 9 show modifications of the gate struc­
ture of the present disclosure. With reference to FIG. 8, only 
the gate electrode 25 is cut by a cut portion 33 while the 
sidewalls 27 are not cut and remain continuous. This structure 
is achieved by controlling etching conditions of the gate cut 
portion and the film quality of the sidewalls 27 during the 
process of FIG. 7C. A device having such a structure is 
effective since transistors operate properly if the neighboring 
gate electrodes 25 are electrically insulated by the cut portion 
33. 
[0039] Furthermore, in order to prevent silicide diffusion in 
the lateral direction of the gates, the thin sidewalls 29 are 
formed to cover the gate edge faces, as illustrated in FIG. 9, 
after the formation of the structure illustrated in FIG. 8. Sub­
sequently, the silicide process is carried out. 
[0040] In either structure of FIG. 8 or FIG. 9, the sidewalls 
along the longer sides of the gate electrodes 25 (in the gate 
length direction) are thicker than those along the shorter sides 
(in the gate width direction). 
[0041] FIG. 10 illustrates effects of the size reduction 
according to the embodiment of the present disclosure. 
According to the conventional double patterning method 
illustrated in FIGS. 4 and 5, in order to produce a stable 
device, the protruding amount obtained after the gate etching 
process requires a margin of 10 nm in addition to the margin 
of exposure displacement if the extending width of the pocket 
implantation and the extension implantation, in which the 
gate electrodes are used as a mask, is estimated as about 10 
nm. On the other hand, according to the present disclosure, 
since the extending width of the pocket implantation and the 
extension implantation from the gate edges 25a is absent, the 
protruding amount obtained after the gate etching process can 
be reduced by 10 nm in order to produce a device having the 
same performance as that produced by the conventional 
method. 
[0042] Effects obtained in the case of applying the structure 
of the embodiment of the present disclosure to a 45 nm node 
SRAM cell are estimated as follows. Assume that, for 
example, a cell having dimensions of760 nm in the X direc­
tion and 340 nm in the Y direction (an area of0.2584 µm2

) is 
produced using the gate double patterning method. In this 
case, if the structure according to the embodiment of the 
present disclosure is applied, individual dimensions a, b, c 
and dofFIG.10 can be reduced by 10 nm.As a result, the cell 
dimensions are 720 nm in the X direction and 340 nm in the 
Y direction, and the area is reduced by about 5% to 0.2584 
µm2. 

[0043] In the case of a 32 nm node SRAM cell, while a cell 
of the conventional structure has dimensions of530 nm in the 
X direction and 240 nm in the Y direction with an area of 
0.1272 µm2

, a cell to which the embodiment of the present 
disclosure is applied has dimensions of 490 nm in the X 
direction and 240 nm in the Y direction with an area of0.1176 
µm2

, allowing an 8% reduction in the area. 
[0044] In conclusion, according to the above-described 
structure and method, it is possible to reduce the distance 
between the active regions while preventing variations in the 
impurity characteristics in the substrate region immediately 
below the gate end. 
[0045] As a result, a reduction in the size of the cell struc­
ture of the semiconductor device is achieved, and stable 
operation is also ensured. 
[0046] Thus, the present disclosure has been described 
based on the preferred embodiment; however, it should be 
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understood that the present invention is not limited to the 
particular embodiment and various changes and modification 
may be made to the particular embodiment without departing 
from the scope of the present invention as defined in the 
appended claims. 
[0047] All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the invention and the concepts contributed 
by the inventor to furthering the art, and are to be construed as 
being without limitation to such specifically recited examples 
and conditions, nor does the organization of such examples in 
the specification relate to a showing of the superiority or 
inferiority of the invention. Although the embodiment of the 
present disclosure has been described in detail, it should be 
understood that various changes, substitutions, and alter­
ations could be made hereto without departing from the spirit 
and scope of the invention. 

What is claimed is: 
1. A semiconductor device comprising: 
a plurality of gate electrodes disposed over a semiconduc­

tor substrate; and 
a plurality of sidewall spacers disposed on sidewalls of the 

gate electrodes; 
wherein the sidewall spacers are disposed only on side­

walls along longer sides of the gate electrodes. 
2. A semiconductor device comprising: 
a plurality of gate electrodes disposed over a semiconduc­

tor substrate; and 
a plurality of sidewall spacers disposed on sidewalls of the 

gate electrodes; 
wherein each of the sidewall spacers disposed along 

shorter sides of the gate electrodes has a first thickness, 
and each of the sidewall spacers disposed along longer 
sides of the gate electrodes has a second thickness which 
is larger than the first thickness. 

3. The semiconductor device as claimed in claim 2, 
wherein each of the sidewall spacers is continuous along the 
longer sides of the gate electrodes. 

4. The semiconductor device as claimed in claim 2, 
wherein the first thickness is between 5 nm and 20 nm. 

5. The semiconductor device as claimed in claim 2, 
wherein the second thickness is between 30 nm and 80 nm. 

6. A method for manufacturing a semiconductor device 
comprising: 

forming a gate electrode material film over a semiconduc­
tor substrate; 

performing patterning on the gate electrode material film to 
form linear patterns; 

forming first sidewalls along longer sides of the linear 
patterns; and 

cutting the linear patterns at one or more predetermined 
positions so as to form a plurality of gate electrodes. 

7. The method as claimed in claim 6, further comprising 
implanting an impurity into the semiconductor substrate to 
form a source and drain region after the formation of the first 
sidewalls and before the formation of the gate electrodes. 

8. The method as claimed in claim 6, wherein in the for­
mation of the gate electrodes, both of the linear patterns and 
the first sidewalls are cut. 

9. The semiconductor device manufacturing method as 
claimed in claim 7, wherein in the formation of the gate 
electrodes, both of the linear patterns and the first sidewalls 
are cut. 
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10. The method as claimed in claim 6, wherein in the 
formation of the gate electrodes, the first sidewalls are left 
continuous and the linear patterns are cut. 

11. The method as claimed in claim 7, wherein in the 
formation of the gate electrodes, the first sidewalls are left 
continuous and the linear patterns are cut. 

12. The method as claimed in claim 6, further comprising 
forming a pocket region and/or an extension region along the 
longer sides of the linear patterns before the formation of the 
first sidewalls. 

13. The method as claimed in claim 6, further comprising 
forming second sidewalls along the longer sides and shorter 
sides of the gate electrodes, thickness of each of the second 
sidewalls being smaller than thickness of each of the first 
sidewalls. 
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14. The method as claimed in claim 13, wherein the thick­
ness of each of the second sidewalls is between 5 nm and 20 
nm. 

15. The method as claimed in claim 13, further comprising 
performing a silicide process so as to form a metal silicide 
over the gate electrodes and the source and drain region after 
the formation of the second sidewalls. 

16. The method as claimed in claim 14, further comprising 
performing a silicide process so as to form a metal silicide 
over the gate electrodes and the source and drain region after 
the formation of the second sidewalls. 

17. The method as claimed in claim 6, wherein the semi­
conductor device is a static random access memory. 

18. The method as claimed in claim 6, wherein the thick­
ness of each of the first sidewalls is between 30 nm and 80 nm. 

* * * * * 




