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FIG. 1 (PRIOR ART) 
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TRANSISTOR HAVING GATE DIELECTRIC 
LAYER OF PARTIAL THICKNESS 
DIFFERENCE AND METHOD OF 

FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 11/329,623, ?led Jan. 11, 2006, Which claims the 
bene?t of Korean Patent Application Nos. 10-2005-0002877, 
?led on Jan. 12, 2005, and 10-2205-0015372, ?led on Feb. 24, 
2005, in the Korean Intellectual Property O?ice, the contents 
of Which are incorporated herein in their entirety by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a semiconductor 
device, and more particularly, to a ?eld effect transistor hav 
ing a gate dielectric layer of partial thickness difference and a 
method of fabricating the same. 
[0004] 2. Description of the Related Art 
[0005] The recent rapid development of semiconductor 
technology has been achieved based on the scaling doWn of 
?eld effect transistors. The scaling doWn of devices results in 
the increase of integration degree and improvement of device 
performance, but also results in undesirable problems due to 
the scaling doWn of devices, such as the increase of short 
channel effects, and the increase of a leakage current, for 
example, gate leakage current, a drain leakage current, and 
the like. For these reasons, many efforts have been made on 
studies to solve the problems involved With the scaling doWn 
of devices. 
[0006] As one method to solve the problems due to the 
scaling doWn of devices, there have been proposed a transis 
tor having a gate dielectric layer of partial thickness differ 
ence or a notched gate transistor. The notched gate transistor 
reduces a Miller capacitance interfering With high speed 
operation of devices, reduces a leakage current from source/ 
drain to a gate, and provides a pocket ion implantation pro?le 
successfully so as to improve a short channel effect. 

[0007] The effects of the notched gate transistor as above 
result from its structural characteristics, in Which a dielectric 
layer on a channel has a relatively thin thickness, and a dielec 
tric layer on source/drain generating a leakage current has a 
relatively thick thickness, thereby providing advantages by 
the scaling doWn of devices. A method of forming the notched 
gate transistor requires performing a partial etch process for a 
gate material. HoWever, the etch process may cause many 
problems in connection With the scaling doWn of devices. 
Therefore, it is required to develop methods of forming a ?eld 
effect transistor having a gate dielectric layer of partial thick 
ness difference more effectively. 

[0008] FIGS. 1 through 3 are schematic sectional vieWs 
illustrating a method of fabricating a conventional transistor 
having a notched gate. 
[0009] Referring to FIG. 1, the conventional transistor hav 
ing a notched gate is formed by processes including forming 
a relatively thin gate dielectric layer 20 on a semiconductor 
substrate 10, and forming a relatively thin ?rst gate layer 31 
and a relatively thick second gate layer 35 on the gate dielec 
tric layer 20. 
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[0010] Referring to FIG. 2, the second and ?rst gate layers 
35, 31, and the gate dielectric layer 20 are patterned such that 
the ?rst gate layer 31 is recessed from the sideWalls of the 
second gate layer 35 and the gate dielectric layer 20, thereby 
forming a notch or groove shape. Referring to FIG. 3, an 
insulating layer 40 is formed to ?ll the notch portion, and 
spacer-etched, thereby forming a spacer shape. The second 
gate layer 35 is disposed on an insulating layer portion 41 
?lling the notch. 
[0011] Speci?cally, only the gate dielectric layer 20 having 
a relatively thin thickness is disposedbetWeen the gates 31, 35 
and a channel. BetWeen a portion of the gate 35 on a source 51 
and a drain 55, and the semiconductor substrate 10, there is 
disposed a dielectric layer having a relatively thick thickness, 
that is, the insulating layer portion 41 ?lling the notch and the 
gate dielectric layer 20. 
[0012] The method of fabricating the notched gate transis 
tor includes an operation of partially removing a portion of a 
gate material, that is, an etch process forming a notch, and the 
etch process requires precise control for process conditions. 
HoWever, the precise control for the etch process as above Will 
be presumably dif?cult to accomplish With the scaling doWn 
of devices further developed. Therefore, the approaches used 
to control the etch process Will presumably limit the accom 
plishment of the scaling doWn of devices. 
[0013] Furthermore, a possibility that damage to the loWer 
dielectric layer 20 and the upper second gate layer 35, for 
example, occurrence of lifting and the like, Will be increased 
in the existing methods of partially removing a gate. Further, 
di?iculties of the occurrence of voids and the like during the 
process While ?lling the relevant removed portion, that is, 
notch portion, Will be generated. Therefore, it is required to 
develop methods of more effectively fabricating the ?eld 
effect transistor having a gate dielectric layer of partial thick 
ness difference. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method of fabri 
cating a ?eld effect transistor having a gate dielectric layer of 
partial thickness difference, and a transistor structure fabri 
cated thereby. 
[0015] According to an aspect of the present invention, 
there is provided a method of fabricating a transistor com 
prising: forming a gate dielectric layer including a main por 
tion With a relatively thin thickness formed on a semiconduc 
tor substrate, and a sideWall portion With a relatively thick 
thickness formed on both sides of the main portion; forming 
a ?rst gate overlapping the main portion of the gate dielectric 
layer; forming a second gate layer covering the sideWall por 
tion of the gate dielectric layer exposed by the ?rst gate, and 
covering the ?rst gate; etching the second gate layer, thereby 
forming second gates patterned With a spacer shape on side 
Walls of the ?rst gate; selectively etching the exposed sideWall 
portion of the gate dielectric layer using the second gates as a 
mask, thereby forming a pattern of the gate dielectric layer to 
be aligned With the second gates; and forming a source/drain 
in a portion of the semiconductor substrate exposed by the 
second gates. 
[0016] In one embodiment, forming the gate dielectric 
layer comprises forming a ?rst dielectric layer on the semi 
conductor substrate; forming a sacri?cial layer pattern on the 
?rst dielectric layer to have a trench exposing a portion of the 
?rst dielectric layer; selectively removing the portion of the 
?rst dielectric layer exposed by the trench; and forming a 
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second dielectric layer on a portion of the semiconductor 
substrate exposed by removing the portion of the ?rst dielec 
tric layer, the second dielectric layer having a thinner thick 
ness than that of the ?rst dielectric layer. 
[0017] In one embodiment, the method further comprises, 
before forming the second dielectric layer, selectively etching 
the exposed portion of the semiconductor substrate using the 
sacri?cial layer pattern as mask, thereby forming a recess 
groove for a recess channel. 

[0018] In one embodiment, the ?rst dielectric layer and the 
sacri?cial layer pattern are formed of different insulating 
materials. 
[0019] In one embodiment, the sacri?cial layer pattern is 
formed of a silicon nitride layer. 
[0020] In one embodiment, forming the ?rst gate com 
prises: forming a ?rst gate layer ?lling the trench; patterning 
the ?rst gate layer to expose an upper surface of the sacri?cial 
layer pattern; and selectively removing the sacri?cial layer 
pattern. 
[0021] In one embodiment, forming the source/drain com 
prises: performing a ?rst ion implantation on the exposed 
portion of the semiconductor substrate using the second gates 
as a mask; forming spacers on sideWalls of the second gates; 
and performing a second ion implantation on the exposed 
portion of the semiconductor substrate using the spacers as a 
mask. 
[0022] In one embodiment, the method further comprises 
performing a pocket ion implantation on the exposed portion 
of the semiconductor substrate using the second gates as a 
mask. 
[0023] In one embodiment, the method further comprises 
performing a self-aligned silicide process of forming elec 
trodes to be connected With the gate and the source/drain. 
[0024] In accordance With another aspect, of the present 
invention, there is provided a method of fabricating a transis 
tor comprising: forming a ?rst dielectric layer on a semicon 
ductor substrate; forming a sacri?cial layerpattem on the ?rst 
dielectric layer to have a trench exposing a portion of the ?rst 
dielectric layer; selectively removing the portion of the ?rst 
dielectric layer exposed by the trench; forming a second 
dielectric layer on a portion of the semiconductor substrate 
exposed by removing the portion of the ?rst dielectric layer, 
the second dielectric layer having a thinner thickness than that 
of the ?rst dielectric layer; forming a ?rst gate ?lling the 
trench; selectively removing the sacri?cial layer pattern 
exposed by the ?rst gate, thereby exposing a remaining por 
tion of the ?rst dielectric layer; forming a second gate layer 
covering the exposed ?rst dielectric layer and the ?rst gate; 
etching the second gate layer, thereby forming second gates 
patterned With a spacer shape on sideWalls of the ?rst gate; 
selectively etching the exposed portion of the ?rst dielectric 
layer using the second gates as a mask, thereby forming a 
pattern of the second dielectric layer to be aligned With the 
second gates; and forming a source/drain in a portion of the 
semiconductor substrate exposed by the second gates. 
[0025] Forming the source/ drain may be performed by per 
forming a ?rst ion implantation on the exposed portion of the 
semiconductor substrate using the second gates as a mask; 
forming spacers on sideWalls of the second gates; and per 
forming a second ion implantation on the exposed portion of 
the semiconductor substrate using the spacers as a mask. 

[0026] Further, the method may include performing a 
pocket ion implantation on the exposed portion of the semi 
conductor substrate using the second gates as a mask. 
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[0027] Further, before forming the second dielectric layer, 
the method may include selectively etching the exposed por 
tion of the semiconductor substrate using the sacri?cial layer 
pattern as mask, thereby forming a recess groove for a recess 
channel. 

[0028] Before forming the second dielectric layer, the 
method may further include forming a third dielectric layer 
on the exposed semiconductor substrate; performing an ion 
implantation for threshold voltage (Vth) control on a portion 
of the semiconductor substrate beloW the third dielectric 
layer; and selectively removing a portion of the third dielec 
tric layer overlapping the semiconductor substrate. 
[0029] Alternatively, before forming the second dielectric 
layer, the method may further include forming a third dielec 
tric layer on the exposed semiconductor substrate to extend to 
cover sideWalls of the sacri?cial layer pattern; performing an 
ion implantation for threshold voltage (Vth) control on a 
portion of the semiconductor substrate beloW the third dielec 
tric layer; and selectively removing a portion of the third 
dielectric layer overlapping the semiconductor substrate, 
thereby forming inner spacers on the sideWalls of the sacri? 
cial layer pattern to include the remaining portion of the third 
dielectric layer. 
[0030] Before removing the sacri?cial layer pattern, the 
method may further include forming a protecting layer pro 
tecting the ?rst gate along With the inner spacers. 
[0031] Before forming the second gate layer, the method 
may further include selectively removing the protecting layer 
and the inner spacers such that the second gate layer is formed 
on the ?rst gate. 

[0032] The second gate layer may be formed to extend to 
cover the protecting layer and the inner spacers. 

[0033] The method may further include performing a self 
aligned suicide process of forming electrodes to be connected 
With the gates and With the source/ drain. Alternatively, the 
method may further include exposing an upper surface of the 
gate after forming the source/ drain, and selectively removing 
upper portions of the inner spacers, thereby partially exposing 
sideWalls of the ?rst and second gates; and performing a 
self-aligned silicide process of forming a gate electrode to be 
connected With the ?rst and second gates, and source/drain 
electrodes to be connected With the source/drain. 

[0034] The ?rst dielectric layer and the sacri?cial layer 
pattern may be formed of different insulating materials 
respectively. The sacri?cial layer pattern may be formed of a 
silicon nitride layer. 
[0035] According to another aspect of the present inven 
tion, there is provided a transistor fabricated by the fabrica 
tion method as above. 

[0036] According to another aspect, the invention is 
directed to a transistor. The transistor includes a semiconduc 
tor substrate and a ?rst dielectric layer formed on the semi 
conductor substrate. A ?rst gate is formed on the ?rst dielec 
tric layer to overlap the ?rst dielectric layer, and inner spacers 
are formed on sideWalls of the ?rst gate. Second gates are 
formed on sideWalls of the ?rst gate With a spacer shape on the 
inner spacers. A second dielectric layer is formed to be self 
aligned With the second gates and has a thicker thickness than 
that of the ?rst dielectric layer. A source/drain is formed in a 
portion of the semiconductor substrate exposed by the second 
gates. 
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[0037] In one embodiment, the transistor further com 
prises: a gate electrode including a silicide layer connected to 
the gate; and source/ drain electrodes including a silicide layer 
connected to the source/ drain. 
[0038] In one embodiment, the gate electrode is selectively 
connected to the ?rst gate, and the ?rst gate is insulated from 
the second gates by the inner spacers. 
[0039] In one embodiment, Wherein tWo of the second gates 
on both sides of the ?rst gate are formed With equal Widths to 
be self-aligned With the ?rst gate. 
[0040] In one embodiment, the source/drain comprises: a 
?rst impurity layer formed by performing an ion implantation 
process using tWo of the second gates having equal Widths as 
a mask, a Width of the portion of the ?rst impurity layer 
overlapping the second gates being controlled by the second 
gates; and a second impurity layer formed by performing an 
ion implantation process using spacers attached to the second 
gates as a mask and aligned With the spacers. 
[0041] In one embodiment, the semiconductor substrate 
comprises a recess groove to form a recess channel overlap 
ping the ?rst gate. The inner spacers extend to cover sideWalls 
of the recess groove. The ?rst dielectric layer is disposed at a 
bottom of the recess groove. The ?rst gate ?lls the recess 
groove. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the more 
particular description of preferred aspects of the invention, as 
illustrated in the accompanying drawings in Which like ref 
erence characters refer to the same parts throughout the dif 
ferent vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. In the draWings, the thickness of layers and 
regions are exaggerated for clarity. 
[0043] FIGS. 1 through 3 are schematic sectional vieWs 
illustrating a method of fabricating a conventional transistor 
having a notched gate. 
[0044] FIGS. 4 through 20 are schematic sectional vieWs 
illustrating a transistor having a gate dielectric layer of partial 
thickness difference and a method of fabricating the same 
according to an embodiment of the present invention. 
[0045] FIGS. 21 through 27 are schematic sectional vieWs 
illustrating a transistor having a gate dielectric layer of partial 
thickness difference and a method of fabricating the same in 
a ?rst modi?ed example according to an embodiment of the 
present invention. 
[0046] FIGS. 28 through 30 are schematic sectional vieWs 
illustrating a transistor having a gate dielectric layer of partial 
thickness difference and a method of fabricating the same in 
a second modi?ed example according to an embodiment of 
the present invention. 
[0047] FIGS. 31 and 32 are schematic sectional vieWs illus 
trating a transistor having a gate dielectric layer of partial 
thickness difference and a method of fabricating the same in 
a third modi?ed example according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0048] This application incorporates by reference the entire 
contents of US. patent application Ser. No. 11/329,943, ?led 
on Jan. 11, 2006, assigned to Samsung Electronics Co., Ltd., 
entitled, “Method of Manufacturing Semiconductor Device 
Having Notched Gate MOSFET,” naming as inventors 
Byung-yong Choi, Choong-ho Lee, Dong-Won Kim and 
Dong-gun Park. 
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[0049] FIGS. 4 through 13 are schematic sectional vieWs 
illustrating a method of forming a ?rst gate according to an 
embodiment of the present invention. In the embodiment of 
the present invention, the description of the formation of the 
?rst gate Will be made using an example of patterning using a 
damascene method. HoWever, it Will be understood that a 
structure of the ?rst gate formed on a relatively thin ?rst 
dielectric layer can also be formed by employing other modi 
?ed formation methods. 
[0050] Referring to FIG. 4, a ?rst dielectric layer 200 and a 
sacri?cial layer 300 are formed on a semiconductor substrate 
100. In order to form the ?rst gate of the embodiment of the 
present invention, the semiconductor substrate 100 is ?rst 
prepared. The semiconductor substrate 100 may be a sub 
strate being suitable to semiconductor fabrication processes 
such as a silicon Wafer (Si-Wafer), a silicon-on-insulator 
(SOI), or the like. 
[0051] The ?rst dielectric layer 200 having a thickness that 
is larger or thicker as compared to a dielectric layer to be 
formed With a relatively thin or small thickness is formed on 
the semiconductor substrate 100. The ?rst dielectric layer 200 
is introduced to provide a portion to be remaining With a 
relatively thick thickness adjacent to a source/drain of the 
transistor. Therefore, the ?rst dielectric layer 200 may be 
formed of dielectrics suitable to a gate dielectric layer of a 
transistor, for example, a dielectric such as a silicon oxide 
layer. 
[0052] A sacri?cial layer 300 is formed on the ?rst dielec 
tric layer 200 to form a damascene pattern for pattering a ?rst 
gate using a damascene method. Since the sacri?cial layer 
300 may be selectively removed after the ?rst gate is formed, 
the sacri?cial layer 300 may be formed of an insulating mate 
rial having an etch selectivity With respect to the ?rst dielec 
tric layer 200, for example, a silicon nitride layer. The thick 
ness of the sacri?cial layer 300 may be determined in 
consideration of a height of the ?rst gate and/ or a height of the 
transistor gate. 
[0053] Referring to FIG. 5, the sacri?cial layer 300 is pat 
terned, thereby forming a sacri?cial layer pattern 310 to form 
the ?rst gate by a damascene method. The sacri?cial layer 
pattern 310 is formed by selectively opening a portion Where 
the ?rst gate Will be formed, and selectively removing the 
insulating material ?lling the open portion. The sacri?cial 
layer pattern 310 has a trench 311 ?lled With the ?rst gate. 
Since the ?rst gate Will be formed to substantially overlap a 
channel betWeen the source/ drain of the transistor, the Width 
of the trench 311 Will be determined in consideration of the 
Width of the ?rst gate. The patterning may be performed using 
a selective etch process including photolithography. 
[0054] A portion of the ?rst dielectric layer 200 exposed by 
the formation of the trench 311 of the sacri?cial layer pattern 
310 is selectively removed, thereby exposing a surface of the 
semiconductor substrate 100 disposed at the bottom of the 
trench 311. As a result, the remaining ?rst dielectric layer 210 
is patterned to overlap the sacri?cial layer pattern 310. 
[0055] Referring to FIG. 6, a second dielectric layer 250 is 
formed. The second dielectric layer 250 is formed to cover the 
semiconductor substrate 100 exposed by the formation of the 
sacri?cial layer pattern 310. The second dielectric layer 250 
may be used as an ion implantation pad layer When an ion 
implantation process is performed on the portion of the semi 
conductor substrate 100 exposed by the formation of the 
sacri?cial layer pattern 310, that is, the channel of the tran 
sistor, in order to control a threshold voltage (Vth). Thus, the 










