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(57) ABSTRACT 

The recess channel transistor includes: a semiconductor 
substrate including a device insulation layer de?ning an 
activation region in Which recesses are formed; insulation 
buiTer patterns, each of Which is formed at an opening of the 
recess on a surface of the substrate; gates, each of Which 
includes a recess gate formed in the recess and a top gate 
formed on the substrate; spacers, each of Which is formed at 
both sides of the gate; and a source region and a drain region 
formed at both sides of each gate on the surface of the 
substrate, Where the source and drain regions have an even 
doping pro?le due to the existence of insulation buiTer 
patterns. Accordingly, characteristics of the transistor can be 
prevented from deteriorating due to misalignment of the top 
gate With the recess gate. 
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RECESS CHANNEL TRANSISTOR FOR 
PREVENTING DETERIORATION OF DEVICE 
CHARACTERISTICS DUE TO MISALIGNMENT 
OF GATE LAYERS AND METHOD OF FORMING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates generally to a recess 
channel transistor, and more particularly to a recess channel 
transistor and a method of forming the same, Which can 
prevent deterioration of transistor characteristics due to 
misalignment betWeen a recess gate and a top gate on the 
recess gate. 

[0003] 2. Description of the Prior Art 

1. Field of the invention 

[0004] Recently, as the design rule for currently develop 
ing semiconductor memory devices reduces the device siZes 
beloW sub-100 nm, it has become very dif?cult to secure 
su?icient data retention time. When the minimum feature 
siZe is reduced, doping density in a substrate must be 
increased. Thus, if the doping density in the substrate 
becomes higher, the electric ?eld and the junction leakage 
must also increase. Therefore, in order to realiZe a target 
threshold voltage Vt required by a certain semiconductor 
memory device, a transistor having an existing planar struc 
ture faces a limitation in vieW of processing and device 
characteristics. 

[0005] Accordingly, a recess channel transistor structure 
extending the channel length has been proposed as a method 
for decreasing the substrate doping density. Such a recess 
channel transistor can reduce the substrate doping density, 
thereby extending the data retention time. Further, such a 
recess channel transistor can loWer the electric ?eld, thereby 
making it possible to obtain an excellent refreshing charac 
teristic. In addition, as the channel length increases, it is 
possible to improve characteristics of DIBL and BVds, 
resulting in the improvement of cell characteristics. 

[0006] Hereinafter, a conventional method for forming a 
recess channel transistor, Which had been previously pro 
posed, Will be described in brief. 

[0007] First, a recess mask is formed on a semiconductor 
substrate to expose an activation region in Which gates are 
formed. Then, the exposed activation region of the substrate 
is etched so as to form recesses. Next, after the recess mask 
is removed, a gate insulation layer is formed on a bottom 
surface of each recess. Sequentially, after a gate conductive 
layer is formed on a Whole surface of the substrate in order 
to ?ll in the recesses, a hard mask layer is formed on the gate 
conductive layer. 

[0008] In turn, the hard mask layer and the gate conductive 
layer are etched so as to form a gate in each recess. Next, 
after a Lightly Doped Drain (LDD) ion implant process is 
performed on the resultant of the substrate, a spacer is 
formed at both side Walls of each gate. Then, source/drain 
regions are formed at both sides of each gate, including the 
spacer on the surface of the substrate, thereby establishing 
the formation of the recess channel transistor. 

[0009] In the recess channel transistor formed by the 
method described above, it is important that the tWo tran 
sistors Which are formed in a cell have the same shapes. 
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Thus, the gate formed in the recess must be accurately 
aligned With the top gate integrated With the recess gate. 

[0010] HoWever, it is substantially di?icult to control the 
alignment of the recess gate With the top gate. Thus, the 
misalignment of the recess gate With the top gate may occur. 
It causes a change in the characteristics of the transistor, 
Which thereby fails to obtain desired cell characteristics. 

[0011] FIG. 1 is a cross-sectional vieW for illustrating a 
conventional recess channel transistor. Problems in the 
conventional transistor Will be described in brief. 

[0012] As shoWn in FIG. 1, various factors relating to the 
processes cause the misalignment of the recess gate 10411 
With the top gate 104!) to be integrated With the recess gate. 
In this case, in vieW of a storage node, a left transistor differs 
structurally from a right transistor. This causes both transis 
tors to have different threshold voltage Vt. Thus, the differ 
ence in the threshold voltage Vt betWeen both transistors 
causes a tWR characteristic to be Weak When a cell has a 
relatively high threshold voltage, While causing an Iolf 
characteristic to be Weak When the cell has a relatively loW 
threshold voltage. As a result, it is dif?cult to store data in 
the cell. 

[0013] Further, the misalignment of the recess gate 10411 
With the top gate 104!) causes the recess gate 10411 to be 
subjected to etching damages. Thus, the gate insulation layer 
103 at the channel becomes thick, thereby abnormally 
increasing the threshold voltage so that tREF/tWR charac 
teristics deteriorate. 

[0014] In FIG. 1, a reference numeral “101” denotes a 
semiconductor substrate, a reference numeral “102” indi 
cates a device insulation layer, and a reference numeral 
“105” denotes a hard mask layer. Further, reference numer 
als “106”, “107”, and “108” respectively indicate a spacer, 
a source region in contact With a storage nod, and a drain 
region in contact With a bit line. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention has been devel 
oped in order to solve the above-mentioned problems occur 
ring in the prior art, and an object of the present invention 
is to provide a recess channel transistor and a method for 
forming the same, Which can prevent characteristic of the 
transistor from deteriorating due to misalignment betWeen a 
recess gate and a top gate Which is arranged on the recess 
gate. 

[0016] In order to accomplish the object of the present 
invention, according to an aspect of the present invention, 
there is provided a recess channel transistor Which com 
prises: a semiconductor substrate including a device insu 
lation layer de?ning an activation region in Which recesses 
are formed, gates being formed in the recesses respectively; 
insulation bulfer patterns, each of Which is formed at an 
opening of the recess on a surface of the substrate; gates, 
each of Which includes a recess gate Which is formed in the 
recess and a top gate Which is formed on the substrate 
including the recess gates; spacers, each of Which is formed 
at both sides of the gate; and a source region and a drain 
region formed at both sides of each gate on the surface of the 
substrate including the spacer, Wherein the source and drain 
regions have even doping pro?le due to the existence of 
insulation buffer patterns. 
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[0017] Here, the insulation bulfer patterns are respectively 
made of a nitride layer or a nitric oxide layer. In addition, the 
insulation bulfer patterns are formed at a depth of l00~300 
A on the surface of the substrate and at a Width of 50~500 
A on a side Wall of the recess. The recess gates are formed 
at a depth of 500~l000 A. 

[0018] In order to accomplish the object of the present 
invention, according to another aspect of the present inven 
tion, there is provided a method for forming a recess channel 
transistor, Which comprises the steps of: preparing a semi 
conductor substrate having an activation region and a device 
insulation region; etching gate forming portions in the 
activation region of the substrate, so as to form ?rst recesses; 
etching the device insulation region, so as to form trenches; 
?lling the trenches and the ?rst recesses With an insulation 
layer; etching center portions of the insulation layer ?lled in 
the ?rst recesses and the substrate under the insulation layer, 
so as to make second recesses deeper than the ?rst recesses 
and to form the insulation buffer patterns at an opening of 
the second recesses; forming a gate insulation layer on an 
inner Wall of the second recesses and a surface of the 
substrate; forming a gate conductive layer on the Whole 
surface of the substrate in order to ?ll in the second recesses; 
etching the gate conductive layer, so as to form the gates 
including the recess gates disposed in the second recesses 
and the top gates disposed on the recess gates; forming 
spacers at both sideWalls of each gate; and performing 
source/drain ion implant on the resultant of the substrate, so 
as to form a source region and a drain region at both sides 
of the gates in the surface of the substrate including the 
spacers, Wherein the source and drain regions have an even 
doping pro?le due to an existence of insulation bulfer 
patterns. 

[0019] The ?rst recesses are formed at a depth of l00~300 
A. The second recesses are formed at a depth of 500~l000 
A. The insulation bulfer patterns are formed of a nitride layer 
or a nitric oxide layer, Which are formed at a depth of 
l00~300 A in the surface of the substrate and at a Width of 
50~500 A on the inner surface of the second recesses. 

[0020] The method of the present invention further com 
prises the steps of: forming a hard mask layer on the gate 
conductive layer; and etching the hard mask layer, after 
forming the gate conductive layer and before etching the 
gate conductive layer. 

[0021] In order to accomplish the object of the present 
invention, according to still another aspect of the present 
invention, there is provided a method for forming a recess 
channel transistor, Which comprises the steps of: preparing 
a semiconductor substrate including a device insulation 
layer de?ning an activation region; etching a gate forming 
portion in the activation region of the substrate, so as to form 
?rst recesses; forming an insulation layer on a Whole surface 
of the substrate including the ?rst recesses; etching the 
insulation layer in blanket manner, so as to form insulation 
bulfer patterns on a side Wall of the ?rst recesses; etching a 
bottom surface of the ?rst recesses having no insulation 
bulfer pattern, so as to make second recesses deeper than the 
?rst recesses; forming a gate insulation layer on a surface of 
the second recesses and the surface of the substrate; forming 
a gate conductive layer on the Whole surface of the substrate 
so that the second recesses including the gate insulation 
layer are ?lled With the gate conductive layer; etching the 
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gate conductive layer, so as to form gates including recess 
gates disposed in the second recesses and top gates disposed 
on the recess gates; forming spacers at both sides of the 
gates; and performing source/drain ion implant on the result 
ant of the substrate, so as to form source and drain regions 
at both sides of each gate on the surface of the substrate 
including the spacers, Wherein the source and drain regions 
have an even doping pro?le due to the existence of insula 
tion bulfer patterns. 

[0022] Here, the ?rst recesses are formed at a depth of 
l00~300 A. The insulation bulfer patterns are formed of a 
nitride layer or a nitric oxide layer. The insulation bulfer 
patterns are formed at a depth of l00~300 A in the surface 
of the substrate and at a Width of 50~500 A on the inner 
surface of the second recesses. The second recesses are 
formed at a depth of 500~l000 A. 

[0023] The method of the present invention further com 
prises the steps of: forming a hard mask layer on the gate 
conductive layer; and etching the hard mask layer, after 
forming the gate conductive layer and before etching the 
gate conductive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above and other objects, features, and advan 
tages of the present invention Will be more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0025] FIG. 1 is a cross-sectional vieW shoWing a con 
ventional recess channel transistor, Which illustrates a mis 
alignment betWeen a recess gate and a top gate; 

[0026] FIGS. 2A to 2F are cross-sectional vieWs for illus 
trating processes of a method for forming a recess channel 
transistor according to an embodiment of the present inven 
tion, respectively; and 

[0027] FIGS. 3A to 3F are cross-sectional vieWs for illus 
trating processes of a method for forming a recess channel 
transistor according to another embodiment of the present 
invention, respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] Hereinafter, a preferred embodiment of the present 
invention Will be described With reference to the accompa 
nying draWings. 

[0029] First, the technical principles of the present inven 
tion Will be described. In the present invention, insulation 
bulfer patterns are formed at an upper region of recess gates, 
Which have a relatively large effect on threshold voltage. 
Therefore, the insulation bulfer patterns can remove the 
most Weak portion having an effect on the threshold voltage, 
thereby forming a doping pro?le in the source/drain regions. 
Although misalignment of the recess gates With the top gates 
occurs, it is possible to restrain characteristic changes of a 
transistor. 

[0030] In addition, if the insulation bulfer patterns are 
formed at both sides of an upper end of the recess gates, the 
insulation bulfer patterns can protect the recess gates from 
etching damage even though the misalignment of the recess 
gates With the top gates occurs. Thus, it is possible to protect 



US 2007/0090452 Al 

the recess gates against deterioration of characteristics, i.e. 
tREF/tWR, caused by the etching damage. 

[0031] FIGS. 2A through 2F are cross-sectional vieWs for 
illustrating the method of forming a recess channel transistor 
according to an embodiment of the present invention. 

[0032] Referring to FIG. 2A, after a semiconductor sub 
strate 201 including an activation region and a device 
insulation region is prepared, a ?rst etching mask 202 is 
formed on the substrate 201 in order to expose a gate 
forming region in the activation region of the substrate. The 
formation of the activation region and the device insulation 
region is explained beloW and Will become clear With 
respect to FIG. 2C. The ?rst etching mask 202 is preferably 
formed of a nitride layer, or, if necessary, a stacked layer of 
an oxide layer and the nitride layer. The ?rst etching mask 
202 is formed to have an opening Width larger than the Width 
of the recess gate to be formed. For example, the ?rst etching 
mask 202 has the Width of l00~l000 A larger than the 
desired Width of the recess gate. In addition, the ?rst etching 
mask 202 is formed linearly. 

[0033] Next, exposed portions of the substrate are etched 
at a depth of l00~300 A by using the ?rst etching mask 202, 
thereby forming ?rst recesses 203 in the gate forming region 
of the activation region of the substrate. 

[0034] Referring to FIG. 2B, the ?rst etching mask 202 is 
removed. Then, a second etching mask 204 is formed on a 
Whole surface of the substrate including the ?rst recesses 
203 in order to cover the activation region but to expose the 
device insulation region. The second etching mask 204 is 
preferably formed of a nitride layer, or, if necessary, a 
stacked layer of an oxide layer and a nitride layer, like the 
?rst etching mask 202. 

[0035] Next, the exposed device insulation region of the 
substrate is etched at a predetermined depth by using the 
second etching mask 204, so as to form trenches 205. 

[0036] Referring to FIG. 2C, the second etching mask 204 
is removed. After an insulation layer 206 is deposited on the 
Whole surface of the substrate to ?ll in the trenches 205 and 
the ?rst recesses 203, the surface of the substrate is ?attened 
by a chemical mechanical polishing (CMP) method so that 
the device insulation layers 207 are formed in the trenches 
205, respectively. The activation region is the area betWeen 
the tWo insulation layers 207 shoWn in FIG. 2C. A nitride 
layer or a nitric oxide layer is used as the insulation layer 
206. 

[0037] Referring to FIG. 2D, a third etching mask 208 is 
formed on the Whole surface of the substrate in Which the 
device insulation layer 207 is formed, While exposing the 
center portion of the insulation Which ?lls in the ?rst 
recesses 203. The third etching mask 208 is made of a 
photo-resist layer, specially, so as to have an opening Width 
corresponding to the desired Width of a recess gate. 

[0038] Next, the exposed insulation layer is etched by 
using the third etching mask 208. In turn, the substrate is 
etched in order to form second recesses 209 and to form 
insulation buffer patterns 210 at both sides of an upper end 
of the second recesses 209 on and/or near the surface of the 
substrate. At this time, the second recesses 209 are formed 
at a total depth of 500~l000 A by etching the substrate to a 
depth of 400~700 A. The insulation bulfer patterns 210 has 
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a depth of l00~300 A measured from the surface of the 
substrate 201 and a Width of 50~500 A measured from one 
sideWall to another sideWall of each second recess 209. 

[0039] Referring to FIG. 2E, the third etching mask 208 is 
removed. Then, a gate insulation layer 211 is formed on the 
inner surface of each second recess 209 and the activation 
region of the substrate, excluding the device insulation 
layers 207 and the insulation bulfer patterns 210. At this 
time, the gate insulation layer 211 is preferably converted 
into an oxide layer through a heat oxidation process. If 
necessary, the gate insulation layer 211 is converted into an 
oxide layer, a nitric oxide layer, or a stack layer of the oxide 
layer and the nitric layer. 

[0040] After a gate conductive layer 212 is formed on the 
Whole surface of the resultant of the substrate, so as to ?ll in 
the second recesses 209, the surface of the substrate is 
?attened. Then, a hard mask layer 213 of nitride material is 
formed on the gate conductive layer 212. A single layer of 
polysilicon layer is used as the gate conductive layer 212. If 
necessary, polysilicon layer and metal-based layer, i.e. metal 
silicide layer or a stacked layer of metal layers, may be used 
as the gate conductive layer. In a case Where the stacked 
layer is used as the gate conductive layer 212, the polysili 
con layer is formed to fully ?ll in the second recesses 209, 
While the metal silicide layer or the metal layer is formed on 
the polysilicon layer. 

[0041] Referring to FIG. 2F, the hard mask layer 213, the 
gate conductive layer 212, and the gate insulation layer 211 
are etched using a knoWn process, so as to form recess gates 
21411 in the second recesses 209 respectively and to form a 
top gate 214!) on each recess gate 214a, thereby forming 
gates 214 Which have a stack structure and in Which the top 
gate 214!) is stacked on the recess gate 21411. With relation 
to the insulation bulfer patterns 210 formed at both sides of 
the upper end of each second recess 209, even though 
misalignment of the top gate 214!) With the recess gate 214a 
occurs, etching damage to the recess gates 21411 is isolated 
by the insulation buffer patterns 210. This prevents the gate 
insulation layer 211 in a channel portion from becoming 
thicker during a sequent heat process, thereby protecting 
tREF/tWR characteristics against deterioration. 

[0042] Next, Lightly Doped Drain (LDD) ion implant 
process is performed on the resultant of the substrate, so as 
to form LDD region (not shoWn) at both sides of each gate 
214 on the surface of the substrate. After being formed on 
the resultant of the substrate, an insulation layer for spacers 
is blanket-etched so as to form a spacer 215 at both sideWalls 
of the gate 214 including the hard mask layer 213. 

[0043] Thereafter, a source/ drain ion implant process is 
performed on the resultant of the substrate, so as to form a 
source region 218 in contact With a storage node, and a drain 
region 217 in contact With a bit line at both sides of each gate 
214 on the surface of the substrate. As a result, the formation 
of the recess channel transistor according to the present 
invention is accomplished. 

[0044] In the recess channel transistor according to an 
embodiment of the present invention, the region Where the 
dopant diffusion is Weak can be geometrically removed in 
relation to the formation of the insulation bulfer patterns at 
both sides of each recess gate on the surface of the substrate, 
so that even doping pro?le can be obtained in all the source 
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and drain regions. Also, the difference in the threshold 
voltage between neighboring transistors can be improved. 

[0045] Therefore, as recess channels according to this and 
other embodiments of the present invention are applied to 
the transistor, a data retention time in the transistor can 
extend and cell characteristics can be improved. Further, it 
can resolve a problem resulting from the misalignment of 
the top gate With the recess gate. As a result, it is possible to 
obtain the semiconductor memory device having excellent 
characteristics required for high integration memory device. 

[0046] FIGS. 3A through 3F are cross-sectional vieWs for 
illustrating a method for forming a recess channel transistor 
according to another embodiment of the present invention, 
in Which processes are sequentially shoWn. The method for 
forming the recess channel transistor Will be described 
beloW. 

[0047] Referring to FIG. 3A, a semiconductor substrate 
301 is prepared Which includes tWo trench type device 
insulation layers 302 de?ning an activation region therebe 
tWeen. Then, after a buffer oxide layer 303a and a nitride 
layer 3031) are sequentially formed on a Whole surface of the 
substrate 301, including the device insulation layer 302, 
these layers 303a and 30319 are etched in order to form a ?rst 
etching mask 303, thereby exposing a gate forming region in 
the activation region of the substrate. At this time, the ?rst 
etching mask 303 is formed so as to have an opening Width 
larger than a Width of the recess gate. For example, the ?rst 
etching mask 303 is formed to have a Width of lOO~lOOO A 
larger than that of the recess gate. 

[0048] Referring to FIG. 3B, the exposed portions of the 
substrate 301 through the openings of the ?rst etching mask 
303 are etched to a predetermined depth, e.g., to a depth of 
l00~300 A, by using the ?rst etching mask 303, thereby 
forming ?rst recesses 304 in the gate forming region of the 
activation region on the substrate 301. 

[0049] Next, the nitride layer 3031) acting as a mask is 
removed from the ?rst etching mask 303. Then, an insulation 
layer 305 is deposited With an even thickness on the Whole 
surface of the substrate including the ?rst recesses 304 and 
the buffer oxide layer 303a. Here, a nitride layer or a nitric 
oxide layer is deposited With a thickness of 50~500 A on the 
surfaces of the ?rst recesses 304 and the buffer oxide layer 
303 on the substrate 301, and the deposited nitride or nitric 
oxide layer is used as the insulation layer 305. 

[0050] Referring to FIG. 3C, the insulation layer 305 is 
blanket-etched Without the use of a mask in order to form an 
insulation bulfer pattern 306 on both sideWalls of each ?rst 
recess 304. Sequentially, a bottom surface of each ?rst recess 
304 betWeen the insulation bulfer patterns 306 is etched to 
form a second recess 307, Which is deeper than the ?rst 
recess. 

[0051] Here, each of the insulation bulfer patterns 306 has 
a thickness or depth of l00~300 A measured from the 
surface of the substrate 301, and a Width of 50~500 A from 
one sideWall to another sideWall of each second recess 307. 
The second recess 307 is formed to have a total depth of 
500~l000 A by etching the substrate 301 at a depth of 
400~700 A. 

[0052] On the other hand, during the blanket etching of the 
insulation layer 305, the buffer oxide layer 303a remaining 
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on the surface of the substrate 301 is removed. If the buffer 
oxide layer 30311 is not removed during the etching of the 
insulation layer 305, the buffer oxide layer 303a can be 
removed after completion of the process of etching the 
substrate. 

[0053] Referring to FIG. 3D, a gate insulation layer 308 is 
formed on the bottom surface and sideWalls of the second 
recess 307 but not on the surface of the insulation bulfer 
patterns 306 inside the second recess 307. 

[0054] Referring to FIG. 3E, a gate conductive layer 309 
is formed on the Whole surface of the resultant structure 
remining on the substrate 301 so as to ?ll the second recesses 
308, and the surface of the gate conductive layer 309 is 
?attened. Thereafter, a hard mask layer 310 of nitride 
material is formed on the gate conductive layer 309. A single 
layer of polysilicon can be used as the gate conductive layer 
309. If necessary, a stack layer of the polysilicon layer and 
a metal-based layer can be used as the gate conductive layer 
309. In a case Where the stack layer is used as the gate 
conductive layer 309, the polysilicon layer is form so as to 
fully ?ll in the second recesses 307, While a metal silicide 
layer or a metal layer is formed on the polysilicon layer. 

[0055] Referring to FIG. 3F, the hard mask layer 310, the 
gate conductive layer 309, and the gate insulation layer 308 
are etched using a knoWn process so as to form a recess gate 
31111 in each second recess 307 and to integrally form a top 
gate 311!) on the recess gate 311a, thereby forming a gate 
311 in a structure, in Which the recess gate 311a and the top 
gate 311!) are stacked. At this time, With relation to the 
insulation bulfer pattern 306 formed at both sides of an 
upper end of each second recess 307, etching damages to the 
recess gate 311a can be isolated even though there occurs a 
misalignment of the top gate 311!) With the recess gate 311a, 
like the previous embodiment of the present invention. 

[0056] Next, after a LDD ion implant process is performed 
on the resultant of the substrate, an insulation layer as 
spacers is formed and blanket-etched so as to form spacers 
312 on both side Walls of the gate 311 including the hard 
mask layer 310. Thereafter, a source/drain ion implant 
process is performed on the resultant of the substrate so as 
to form a source region 313 in contact With a storage node 
and a drain region 314 in contact With a bit line at both sides 
of the gate 311 on the surface of the substrate. As a result, 
a formation of the recess channel transistor is accomplished 
according to the present invention. 

[0057] The recess channel transistor in this embodiment of 
the present invention has the same characteristics as that of 
the previous embodiment. 

[0058] As described above, according to various embodi 
ments of the present invention, since the insulation bulfer 
pattern is formed at both sides of the recess gate on the 
surface of the substrate, a doping pro?le can be uniform by 
such an insulation bulfer pattern in the source and drain 
regions. Further, it is possible to protect the recess gate from 
etching damage caused due to the misalignment of the top 
gate With the recess gate and to prevent the gate insulation 
layer from abnormally groWing due to the etching damage. 

[0059] Thus, the present invention can form the transistor 
having excellent characteristics, eg loW electric ?eld and 
loW junction leakage, and provide high integration semicon 
ductor memory device. 
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[0060] While a preferred embodiment of the present 
invention has been described for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A recess channel transistor comprising: 

a semiconductor substrate having a device insulation layer 
de?ning an activation region in Which recesses, each 
having sideWalls, are formed to a predetermined depth 
beloW the surface of the semiconductor substrate; 

an insulation bulfer pattern formed in a upper portion of 
each sideWall in each recess, Wherein the upper portion 
of each sideWall in each recess adjoins the surface of 
the semiconductor substrate; 

a gate comprising a top gate and a recess gate formed in 
each recess, Wherein the recess gate is formed inside 
each recess and the top gate is formed on the recess 
gate; 

a source region formed on the surface of the semicon 
ductor substrate on one side of the gate, and a drain 
region formed on the surface of the semiconductor 
substrate on another side of the gate 

Wherein the source and drain regions have even doping 
pro?le due to the existence of insulation bulfer patterns. 

2. The recess channel transistor as claimed in claim 1, 
Wherein the insulation bulfer patterns are made of a nitride 
layer or a nitric oxide layer. 

3. The recess channel transistor as claimed in claim 1, 
Wherein the insulation bulfer patterns are formed to a depth 
of l00~300 A measured from the surface of the semicon 
ductor substrate. 

4. The recess channel transistor as claimed in claim 1, 
Wherein the insulation bulfer patterns are formed to a Width 
of 50~500 A measured from one side Wall to another 
sideWall of the recess. 

5. The recess channel transistor as claimed in claim 1, 
Wherein each recess gate is formed to a depth of 500~l000 
A measured from the surface of the semiconductor substrate. 

6. The recess channel transistor as claimed in claim 1, 
Wherein a hard mask layer is formed on each top gate and 
Wherein a spacer is formed on each side of each gate having 
the top gate and the recess gate. 

7. A method of forming a recess channel transistor in a 
semiconductor substrate having an activation region de?ned 
by adjoining device insulation regions, the method compris 
ing the steps of: 

etching gate forming portions in the activation region, so 
as to form ?rst recesses; 

etching the device insulation regions, so as to form 
trenches; 

?lling each trenche and each ?rst recess With an insulation 
layer; 

etching a center portion of the insulation layer ?lled inside 
each ?rst recess and continue etching the semiconduc 
tor substrate under the etched center portion of the 
insulation layer, so as to make second recesses that are 

deeper than the ?rst recesses, Wherein the unetched 
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portions outside the etched center portion of the insu 
lation layer remaining at near the opening of each 
second recess forms insulation bulfer patterns; 

forming a gate insulation layer on an inner Wall of each 
second recess, excluding the surface of the insulation 
bulfer patterns; 

forming a gate conductive layer on the Whole surface of 
the substrate having the second recesses and the insu 
lation bulfer patterns; 

etching the gate conductive layer, so as to form the gates 
such that each gate comprises a recess gate formed 
inside one second recess and a top gate formed on the 
recess gate; 

forming spacers at both sideWalls of each gate; and 

performing source/drain ion implant on the resultant of 
the substrate, so as to form a source region and a drain 
region at both sides of each gate in the substrate, 

Wherein the source and drain regions have an even doping 
pro?le due to an existence of insulation bulfer patterns. 

8. The method of forming a recess channel transistor as 
claimed in claim 7, Wherein each of the ?rst recesses is 
formed at a depth of l00~300 A measured from the surface 
of the semiconductor substrate. 

9. The method of forming a recess channel transistor as 
claimed in claim 7, Wherein each of the second recesses is 
formed at a depth of 500~lOOO A measured from the surface 
of the semiconductor substrate. 

10. The method of forming a recess channel transistor as 
claimed in claim 7, Wherein the insulation bulfer patterns are 
formed of a nitride layer or a nitric oxide layer. 

11. The method of forming a recess channel transistor as 
claimed in claim 7, Wherein the insulation bulfer patterns are 
formed to a depth of l00~300 A measured from the surface 
of the substrate. 

12. The method of forming a recess channel transistor as 
claimed in claim 7, Wherein each insulation bulfer pattern is 
formed to a Width of 50~500 A measured from the inner 
surface of the second recess. 

13. The method of forming a recess channel transistor as 
claimed in claim 7, the step of etching the gate conductive 
layer comprising the substep of: 

forming a hard mask layer on the gate conductive layer 
prior to etching. 

14. A method of forming a recess channel transistor in a 
semiconductor substrate having an activation region de?ned 
by adjoining device insulation regions, the method compris 
ing the steps of: 

etching gate forming portions in the activation region, so 
as to form ?rst recesses; 

forming an insulation layer on the entire surface of the 
substrate including the ?rst recesses; 

blanket etching the insulation layer, so as to form insu 
lation bulfer patterns on the sideWalls of each ?rst 
recess; 

etching a bottom surface of each ?rst recess exposed 
betWeen the insulation bulfer patterns, so as to make a 
second recess deeper than the ?rst recess; 
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forming a gate insulation layer on the surface of each of 
the second recesses, excluding the surface of the insu 
lation bulfer patterns; 

forming a gate conductive layer on the entire surface of 
the substrate having the second recesses and insulation 
bulfer patterns formed thereon, so that the second 
recesses including the gate insulation layer are ?lled 
With the gate conductive layer; 

etching the gate conductive layer, so as to form the gates 
such that each gate comprises a recess gate formed 
inside one second recess and a top gate formed on the 
recess gate; 

forming spacers at both sideWalls of the gates; and 

performing source/drain ion implant on the resultant of 
the substrate, so as to form source and drain regions at 
both sides of each gate in the substrate, 

Wherein the source and drain regions have an even doping 
pro?le due to the existence of insulation bulfer patterns. 

15. The method of forming a recess channel transistor as 
claimed in claim 14, Wherein each of the ?rst recesses is 
formed to a depth of l00~300 A measured from the surface 
of the substrate. 
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16. The method of forming a recess channel transistor as 
claimed in claim 14, Wherein the insulation bulfer patterns 
are formed of a nitride layer or a nitric oxide layer. 

17. The method of forming a recess channel transistor as 
claimed in claim 14, Wherein each of the insulation bulfer 
patterns is formed to a depth of l00~300 A measured from 
the surface of the substrate. 

18. The method of forming a recess channel transistor as 
claimed in claim 14, Wherein each of the insulation bulfer 
patterns is formed to a Width of 50~500 A measured from 
the inner surface of the second recesses. 

19. The method of forming a recess channel transistor as 
claimed in claim 14, Wherein each of the second recesses is 
formed to a depth of 500~l000 A measured from the surface 
of the substrate. 

20. The method of forming a recess channel transistor as 
claimed in claim 14, the step of etching the gate conductive 
layer comprising the substep of: 

forming a hard mask layer on the gate conductive layer 
prior to etching. 


