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A vertical transistor of a semiconductor device has a channel 
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of semiconductor channels and gate electrodes Surrounding 
sidewalls of the semiconductor poles are formed, Subsequent 
processes of forming silicon patterns corresponding to junc 
tion areas, etc. are performed. The gate electrodes Support the 
semiconductor poles during these Subsequent processes. The 
height of the semiconductor poles corresponding to the length 
of the channel is increased, yet the semiconductor poles do 
not collapse or incline since the gate electrodes Support the 
semiconductor poles. 
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SEMCONDUCTOR DEVICE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This is a division of U.S. application Ser. No. 
12/341,583 filed Dec. 22, 2008, which claims the priority 
benefit under USC 119 of KR 10-2008-0028395 filed Mar. 
27, 2008, the entire respective disclosures of which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a vertical transistor 
of a semiconductor device and a method of forming the same 
and, more particularly, to a vertical transistor of a semicon 
ductor device, which has channel areas formed in a vertical 
direction to a semiconductor Substrate, and a method of form 
ing the same. 
0003. Semiconductor devices have been developed in 
various forms in order to facilitate high integration. As part of 
Such efforts, a vertical transistor has been proposed. 
0004 FIG. 1 shows conventional semiconductor poles. As 
seen in FIG. 1, each of semiconductor poles 12 includes an 
upper portion 12a having a first width W1 and a lower portion 
12b having a second width W2 narrower than the first width 
W1. The semiconductor poles 12 are isolated by a trench 14 
formed in the semiconductor substrate 10. The lower portion 
12b of the semiconductor pole 12 corresponds to a channel 
area, and the height of the lower portion 12b corresponds to a 
channellength. In order to prevent a short channel effect in the 
transistor, it is preferred that the lower portion 12b of the 
semiconductor pole be high. However, if the lower portion 
12b of the semiconductor pole is high, the lower portion 12b 
of the semiconductor pole cannot withstand the load of the 
upper portion 12a and the load applied thereto when Subse 
quent processes are performed. Consequently, a problem 
arises because the semiconductor poles 12 collapse or are 
inclined as in a region. A shown in FIG. 2. 
0005. Further, since a top width of the trench 14 is nar 
rower than a lower width thereof, the trench 14 is not fully 
gap-filled with a conductive layer when the trench 14 is gap 
filled with the conductive layer in order to form a gate elec 
trode. Accordingly, a seam may occur at the bottom of the 
trench 14. The semiconductor substrate 10 corresponding to a 
portion where the seam is generated is exposed to etch mate 
rials and likely to be damaged, when an etch process for 
forming the gate electrode is performed. 

BRIEF SUMMARY OF THE INVENTION 

0006. The present invention is directed towards a vertical 
transistor of a semiconductor device and a method of forming 
the same, which provides and increased semiconductor pole 
height and corresponding increased channel length. At the 
same time, it can prevent the semiconductor pole from being 
inclined or collapsing and corresponding damage to the semi 
conductor Substrate. 
0007. A vertical transistor of a semiconductor device 
according to the present invention may include semiconduc 
torpoles, each protruding between trenches formed in a semi 
conductor Substrate, a gate insulating layer formed on cir 
cumferences of the semiconductor poles, gate electrodes 
formed on circumferences of the gate insulating layer, silicon 
patterns formed on tops of the semiconductor poles, respec 
tively, first junction areas formed in the semiconductor Sub 
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strate of trench bottoms, respectively, and second junction 
areas each formed in the silicon patterns. 
0008. The vertical transistor according to a first embodi 
ment further may include an insulating layer formed over the 
semiconductor Substrate, including spaces between the gate 
electrodes, and having grooves formed therein, the grooves 
exposing the semiconductor poles. The silicon patterns may 
be formed in the grooves. 
0009. The vertical transistor according to a second 
embodiment further may include a first insulating layer 
formed in spaces between the gate electrodes, wherein the 
first insulating layer has the same height as that of the semi 
conductor poles. 
0010. In the second embodiment, the top surface of the 
gate electrodes may be lower than that of the semiconductor 
poles. The vertical transistor according to the second embodi 
ment further may include a second insulating layer formed on 
a top surface of the gate electrodes. The second insulating 
layer insulates the gate electrodes and the silicon patterns. 
0011. A width of the silicon pattern may be identical to or 
narrower than that of the semiconductor pole. 
0012. A method of forming a vertical transistor of a semi 
conductor device according to a first embodiment of the 
present invention may include forming semiconductor poles 
by etching a semiconductor Substrate, which may include at 
the same time forming trenches near the semiconductor poles, 
forming a gate insulating layer and a conductive layer on a 
Surface of the semiconductor Substrate, including the semi 
conductor poles, forming gate electrodes on circumferences 
of the semiconductor poles by etching the conductive layer, 
forming an insulating layer over the semiconductor Substrate, 
including spaces between the gate electrodes, forming 
grooves through which the semiconductor poles are exposed, 
in the insulating layer, and forming silicon patterns, each 
connected to the semiconductor poles, in the grooves, respec 
tively. 
0013 The formation of the grooves through which the 
semiconductor poles are exposed in the insulating layer may 
include forming photoresist patterns on the insulating layer 
and etching the insulating layer exposed between the photo 
resist patterns. 
0014. A width of the groove may be identical to or nar 
rower than the semiconductor pole. 
0015. A method of forming a vertical transistor of a semi 
conductor device according to a second embodiment of the 
present invention may include forming semiconductor poles 
by etching a semiconductor Substrate and at the same time 
forming trenches near the semiconductor poles, forming a 
gate insulating layer and a conductive layer on a surface of the 
semiconductor Substrate including the semiconductor poles, 
forming gate electrodes on circumferences of the semicon 
ductor poles by etching the conductive layer, forming a first 
insulating layer in spaces between the gate electrodes, and 
forming silicon patterns on tops of the semiconductor poles. 
0016. The formation of the first insulating layer in the 
spaces between the gate electrodes may include forming the 
first insulating layer in the semiconductor Substrate including 
the spaces between the gate electrodes, and polishing the first 
insulating layer in Such away as to expose the semiconductor 
poles. 
0017. Before the silicon patterns are formed on the tops of 
the semiconductor poles, the gate electrodes may be etched 
Such that a surface of the gate electrodes is lower than a 
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surface of the semiconductor poles and a surface of the first 
insulating layer, and a second insulating layer is formed on 
the gate electrodes. 
0018. The gate electrodes may include metal, and the etch 
ing of the gate electrodes may be performed using wet etch. 
0019. In the first and second embodiments, before the gate 
insulating layer is formed, first junction areas may be formed 
in the semiconductor substrate of trench bottoms. 
0020. In the first and second embodiments, the first junc 
tion areas may be using a pad oxide layer for hindering 
implantation of impurity formed on a Surface of the semicon 
ductor poles. 
0021. In the first embodiment, before the insulating layer 

is formed, first junction areas may be formed in the semicon 
ductor substrate of trench bottoms. 
0022. In the second embodiment, before the first insulat 
ing layer is formed, first junction areas may be formed in the 
semiconductor substrate of trench bottoms. 
0023. In the first and second embodiments, after the sili 
con patterns are formed, secondjunction areas may beformed 
in the silicon patterns. 
0024. In the first and second embodiments, the formation 
of the silicon patterns may be performed using a selective 
epitaxial growth (SEG) method. 
0025. In the first and second embodiments, a width of the 
silicon pattern may be identical to or narrower than that of the 
semiconductor pole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a diagram showing conventional semicon 
ductor poles; 
0027 FIG. 2 is a diagram showing problems occurring in 
a method of forming conventional semiconductor poles; 
0028 FIGS. 3A to 3G are sectional views showing, step 
by-step, a method of forming a vertical transistor in accor 
dance with a first embodiment of the present invention; and 
0029 FIGS. 4A and 4B are sectional views showing a part 
of a method of forming a vertical transistor in accordance 
with a second embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0030 Hereinafter, the present invention will be described 
in detail in connection with specific embodiments with refer 
ence to the accompanying drawings. The present embodi 
ments are provided to complete the disclosure of the present 
invention and to allow those having ordinary skill in the art to 
understand the scope of the present invention. When it is said 
that any part, Such as a layer, film, area, or plate, is positioned 
on another part, it means the part is directly on the other part 
or above the other part with at least one intermediate part. To 
clarify multiple layers and regions, the thickness of the layers 
are not to Scale and may be enlarged in the drawings. 
0031 FIGS. 3A to 3G are sectional views showing, step 
by-step, a method of forming a vertical transistor in accor 
dance with a first embodiment of the present invention. 
0032 Referring to FIG.3A, after a hard mask layer 305 is 
formed over a semiconductor substrate 301, first photoresist 
patterns 307 are formed on the hard mask layer 305. The first 
photoresist patterns 307 are formed to define areas where 
semiconductor poles will beformed. The hard mask layer 305 
includes nitride materials. Before the hard mask layer 305 is 
formed, a pad oxide layer 303 for preventing damage to the 
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semiconductor Substrate 301 when a Subsequent process is 
performed may be further formed on the semiconductor sub 
Strate 301. 
0033 Referring to FIG. 3B, the hard mask layer 305 
exposed between the first photoresist patterns 307 is etched, 
thus forming hard mask patterns 305a. The pad oxide layer 
303 and the semiconductor substrate 301 exposed between 
the hard mask patterns 305a are etched. Accordingly, first 
trenches 309, and semiconductor poles 311 are separated 
from each other by the intervening first trenches 309 formed 
in the semiconductor substrate 301. A horizontal section of 
the semiconductor pole 311 may have a variety of forms such 
as a square or a circle. In this case, a depth d1 of the first 
trenches 309 determines the height of the semiconductor 
poles 311 corresponding to a channel length of a semicon 
ductor device. Therefore, the depth d1 can be set variously 
according to the characteristics of semiconductor devices. At 
this time, first junction areas D can be formed by implanting 
ions into the semiconductor substrate 301 exposed between 
the first photoresist patterns 307 using the first photoresist 
patterns 307 as a mask. 
0034 Referring to FIG. 3C, after the first photoresist pat 
terns and the hard mask patterns are removed, a gate insulat 
ing layer 313 and a conductive layer 315 are formed on the 
entire surface of the semiconductor substrate 301, including 
the semiconductor poles 311 and the padoxide layer 303. The 
gate insulating layer 313 includes an oxide layer, and the 
conductive layer 315 includes at least one of metal, such as 
tungsten (W), and polysilicon. 
0035) Referring to FIG. 3D, the tops of the semiconductor 
poles 311 and the conductive layer 315 at the bottom of the 
first trenches 309 are removed so that the conductive layer 
315 remains on the circumferences of the semiconductor 
poles 311, thus forming gate electrodes 315a on the sidewalls 
of the semiconductor poles 311. The conductive layer 315 is 
removed by a blanket etch process. The first junction areas D 
described above with reference to FIG. 3B can be formed 
after the gate electrodes 315a are formed. That is, if impurity 
is implanted through an ion implantation process using the 
remaining padoxide layer 303 and the gate electrodes 315a as 
an ion implantation mask, the impurity is implanted into the 
bottom of the first trenches 309 between the gate electrodes 
315a, thus forming the first junction areas D. However, at this 
time, it is preferred that impurity not be implanted into the 
semiconductor poles 311 since the pad oxide layer 303 hin 
ders such ion implantation, and even if the impurity is 
implanted into the semiconductor poles 311, the amount of 
the implanted impurity is minimal 
0036 Referring to FIG. 3E, an insulating layer 317 is 
formed on the entire surface of the semiconductor substrate 
301, including the gate electrodes 315a, the gate insulating 
layer 313, the pad oxide layer 303, and the semiconductor 
poles 311, such that the space between the gate electrodes 
315a is gap-filled. The insulating layer 317 is formed to 
prevent the interconnection of silicon patterns in a Subsequent 
process of forming the silicon patterns and can be formed 
from an oxide layer. This is described in detail later on with 
reference to FIG. 3G. 
0037 Referring to FIG. 3F, second photoresist patterns 
319 are formed on the insulating layer 317. The insulating 
layer 317 exposed between the second photoresist patterns 
319 is etched, thus forming grooves 321. At this time, the pad 
oxide layer 303 is etched. The groove 317 can have a variety 
of forms, such as a square or a circle, and can have the same 
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shape as that of the semiconductor poles 311. Further, a width 
W4 of the groove 321 determines the width of a silicon pattern 
formed in a Subsequent process. Thus, in order for the silicon 
patternand the gate electrode 315a from being insulated from 
each other, the width of the silicon pattern has to be identical 
to or narrower than a width W3 of the semiconductor pole 
311. Accordingly, the width W4 of the groove 321 may be 
preferably identical to or narrower than the width W3 of the 
semiconductor pole 311. 
0038 Referring to FIG. 3G, silicon patterns 323, each 
connected to the semiconductor poles 311, are formed within 
the grooves 321, respectively. At this time, the width W4 of 
the silicon pattern 323 is identical to the width W4 of the 
groove 321. The silicon patterns 323 can be formed by grow 
ing silicon single crystals using a selective epitaxial growth 
(hereinafter referred to as “SEG') method such that the sili 
con patterns 323 are respectively connected to the semicon 
ductor poles 311 exposed through the grooves 321. The sili 
consingle crystals grown by the SEG method are not grown 
on the insulating layer317, including an oxide layer, etc. and, 
therefore, the silicon patterns 323 are prevented from being 
connected to each other by the insulating layer317. After the 
silicon patterns 323 are formed, second junction areas S can 
be formed by controlling ion implantation energy Such that 
ions are implanted into only the silicon patterns 323. One of 
the first and secondjunction areas D, S becomes a source and 
the other of them becomes a drain. For example, the first 
junction areas D may become drains and the second junction 
areas S may become sources. 
0039 Next, second trenches where bit lines will beformed 
are formed by etching the insulating layer 317 exposed 
between the silicon patterns 323 and the semiconductor sub 
strate 301. A subsequent process of forming bit lines electri 
cally connected to the first junction areas D on the sides of the 
second trenches is then carried out. 

0040. As described above, in the first embodiment of the 
present invention, in the State in which the gate electrodes 
315a support the semiconductor poles 311 corresponding to 
the channel areas, Subsequent processes, including the for 
mation process of the silicon patterns 323 corresponding to 
the junction areas, are performed. Accordingly, although the 
height of the semiconductor pole 311 is formed high in order 
to form a channel having a long length, the semiconductor 
pole does not collapse or incline. 
0041 Further, in the first embodiment of the present 
invention, the bottom surface of the first trench 309 of the 
present invention can be formed flat as compared with a 
conventional trench, which was formed to have a round bot 
tom Surface, due to the characteristics in the manufacturing 
process. Accordingly, according to the present invention, in a 
process of forming second trenches by etching the semicon 
ductor substrate 301 corresponding to the first trenches 309 
and also forming bit lines on the sides of the second trenches, 
the inner surfaces of the second trenches can be formed flat 
and the bit lines formed on the sides of the second trenches 
can be formed uniformly. 
0042 FIGS. 4A and 4B are sectional views showing a part 
of a method of forming a vertical transistor in accordance 
with a second embodiment of the present invention. The 
second embodiment of the present invention is almost iden 
tical to the first embodiment of the present invention except 
that a first insulating layer 417 and gate electrodes 415a are 
formed differently from those of the first embodiment of the 
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present invention and a second insulating layer 418 is further 
formed on the gate electrodes 415a. 
0043. In a method of forming semiconductor poles in 
accordance with a second embodiment of the present inven 
tion, the same process as that described with reference to 
FIGS. 3A to 3E is first performed and a process shown in FIG. 
4A is then performed. 
0044) Referring to FIG. 4A, the first insulating layer 417 is 
polished using a Chemical Mechanical Polishing (CMP) 
method in order to expose semiconductor poles 411 and gate 
electrodes 415a. Thus, the first insulating layer 417 leaves 
spaces between the gate electrodes 415a and has the same 
height as that of the semiconductor pole 411. At this time, a 
pad oxide layer is polished. In this case, the gate electrodes 
415a can be electrically connected to silicon patterns that will 
be formed in a Subsequent process. Accordingly, the second 
insulating layer 418 should be further formed only on the top 
of the exposed gate electrodes 415a. 
0045 Referring to FIG. 4B, the gate electrodes 415a are 
etched to have a top surface, which is lower thana top Surface 
of the semiconductor poles 411. At this time, the gate elec 
trodes 415a may preferably include metal Such as tungsten 
(W). Metallic materials have a different etch selectivity for 
wet etch to the first insulating layer 417 and the semiconduc 
tor poles 411. Etch materials that rapidly etch metallic mate 
rial as compared with the first insulating layer 417 and the 
semiconductor poles 411 can include a sulfuric acid and 
hydro-peroxide mixture (SPM: H2SO4+H2O2) or the like. If 
a wet etch process is performed in the state in which the gate 
electrodes 415a and the semiconductor poles 411 are exposed 
using this SPM, etc., the top surface of the gate electrodes 
415a becomes lower than that of the semiconductor poles 
411, thus forming spaces defined by a gate insulating layer 
413, the gate electrodes 415a, and the first insulating layer 
417. The spaces defined by the gate insulating layer 413, the 
gate electrodes 415a, and the first insulating layer 417 are 
gap-filled with the second insulating layer 418. 
0046 Referring to FIG.4c, silicon patterns 423 connected 
to the semiconductor poles 411 are formed. The silicon pat 
terns 423 can be formed by growing silicon single crystal 
using a SEG method so that the silicon patterns 423 are 
connected to the semiconductor poles 411. The silicon pat 
terns 423 formed by the SEG method are insulated from the 
gate electrodes 415a by the second insulating layer 418. After 
the silicon patterns 423 are formed, second junction areas S 
can be formed by controlling ion implantation energy so that 
ions are implanted into only the silicon patterns 423. One of 
the first and secondjunction areas D, S becomes a source and 
the other of them becomes a drain. For example, the first 
junction areas D may become drains and the second junction 
areas S may become sources. Subsequent processes are iden 
tical to those described with reference to FIG. 3G. 
0047. As described above, in the second embodiment of 
the present invention, Subsequent processes, including the 
process of forming the silicon patterns 423 corresponding to 
the junction areas, are performed in the state in which the gate 
electrodes 415a support the semiconductor poles 411 corre 
sponding to the channel areas, like the first embodiment of the 
present invention. Accordingly, although the height of the 
semiconductor pole 411 is formed high in order to form a 
channel having a long length, the semiconductor pole 411 
does not collapse or incline. 
0048. Further, in the second embodiment of the present 
invention, a bottom surface of the first trench 409 can be 



US 2012/0080747 A1 

formed flat, like the first embodiment of the present invention. 
Accordingly, bit lines can be formed uniformly. 
0049 According to the present invention, after the semi 
conductor poles corresponding to the length of the semicon 
ductor channels and the gate electrodes surrounding the side 
walls of the semiconductor poles are formed, subsequent 
processes of forming the silicon patterns corresponding to the 
junction areas, etc. are performed. Thus, the gate electrodes 
can support the semiconductor poles. Accordingly, the 
present invention can prevent a phenomenon in which, 
although the height of the semiconductor poles correspond 
ing to the length of the channel increases, the semiconductor 
poles collapse or incline since the gate electrodes support the 
semiconductor poles. Consequently, the present invention 
can flexibly control the channel length in order to secure the 
characteristics of a semiconductor device and therefore 
enables developments of more stable semiconductor devices. 
0050. According to the present invention, when the con 
ductive layer for forming the gate electrodes is formed, the 
trenches having almost vertical walls are gap-filled with the 
conductive layer. Accordingly, the present invention can pre 
vent a seam from being formed within the trenches and there 
fore prevent the semiconductor substrate from being dam 
aged by the seam when etching the conductive layer. 
0051. Further, according to the present invention, bottom 
surfaces of the trenches partitioning the semiconductor poles 
can beformed flat. Thus, when bit lines are formed by etching 
the semiconductor substrate corresponding to the bottom Sur 
faces of the trenches in a subsequent process, areas where the 
bit lines will be formed are substantially uniform. Accord 
ingly, the present invention can form the bit lines stably and 
uniformly and improve the reliability of measured data by the 
bit lines since the bit lines are uniform. 
0052 Moreover, according to the present invention, after 
the semiconductor poles corresponding to the channel length 
are formed, the silicon patterns corresponding to the junction 
areas are formed, so the process of implanting ions in order to 
form the junction areas can be performed step-by-step. 
Accordingly, the present invention can lower the difficulty of 
an ion implantation process. 
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0053. The embodiments disclosed herein have been pro 
posed to allow a person skilled in the art to easily implement 
the present invention, and the person skilled in the part may 
implement the present invention by a combination of these 
embodiments. Therefore, the scope of the present invention is 
not limited by or to the embodiments as described above, and 
should be construed to be defined only by the appended 
claims and their equivalents. 
What is claimed is: 
1. A semiconductor device including a plurality of vertical 

transistors, the vertical transistors comprising: 
semiconductor poles, each protruding between trenches 

formed in a semiconductor substrate; 
a gate insulating layer formed on circumferences of the 

semiconductor poles; 
gate electrodes formed on circumferences of the gate insu 

lating layer; 
silicon patterns formed on tops of the semiconductor poles; 
first junction areas formed in trench bottoms of the semi 

conductor substrate; and 
second junction areas formed in the silicon patterns. 
2. The semiconductor device of claim 1, further comprising 

an insulating layer formed over the semiconductor Substrate. 
including spaces between the gate electrodes, and having 
grooves formed therein, the grooves exposing the semicon 
ductor poles, wherein the silicon patterns are formed in the 
grooves. 

3. The vertical transistor of claim 1, further comprising a 
first insulating layer formed in spaces between the gate elec 
trodes, wherein the first insulating layer has a height the same 
as a height of the semiconductor poles. 

4. The vertical transistor of claim 3, further comprising a 
second insulating layer formed on a top surface of the gate 
electrodes, wherein a top surface of the gate electrodes is 
lower than top surfaces of the semiconductor poles. 

5. The vertical transistor of claim 1, wherein a width of the 
silicon pattern is identical to or narrower than widths of the 
semiconductor poles. 


