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VERTICAL MEMORY DEVICES AND METHODS OF MANUFACTURING THE 

SAME 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[1] This application claims priority to Korean Patent Application No. 

10-2018-0040936, filed on April 9, 2018 in the Korean Intellectual Property Office (KIPO), 

the contents of which are herein incorporated by reference in their entirety. 

 

TECHNICAL FIELD 

  

[2] Example embodiments relate to vertical memory devices and methods of 

manufacturing the same. 

BACKGROUND 

[3] In manufacturing a VNAND flash memory device on a substrate including a cell 

region and a peripheral circuit region, a gate structure may be formed on the peripheral 

circuit region and an insulating interlayer covering the gate structure may be formed on the 

cell region and the peripheral circuit region.  The insulating interlayer may have a 

non-flat upper surface due to the gate structure, and thus a planarization process may be 

performed on the insulating interlayer.  However, the upper surface of the insulating 

interlayer may be scratched on the cell region of the substrate during the planarization 

process, and the characteristics of the VNAND flash memory device may be deteriorated. 

   

SUMMARY  

[4] Example embodiments provide a vertical memory device having improved 

electrical characteristics. 
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[5] Example embodiments provide a method of manufacturing a vertical memory 

device having improved electrical characteristics. 

[6] According to example embodiments, there is provided a vertical memory device.  

The vertical memory device may include a gate structure including a first gate electrode on 

a peripheral circuit region of a substrate, the substrate containing a cell region and the 

peripheral circuit region, a plurality of second gate electrodes sequentially stacked on the 

cell region of the substrate, the plurality of second gate electrodes spaced apart from each 

other in a vertical direction to an upper surface of the substrate, a channel extending in the 

vertical direction on the cell region of the substrate and extending through at least one of 

the second gate electrodes, and a first insulating interlayer covering the gate structure on 

the peripheral circuit region of the substrate, a cross-section in one direction of an upper 

surface of a portion of the first insulating interlayer overlapping the gate structure in the 

vertical direction having a shape of a portion of a polygon. 

[7] According to example embodiments, there is provided a vertical memory device.  

The vertical memory device may include a gate structure including a first gate electrode on 

a peripheral circuit region of a substrate, the substrate containing a cell region and the 

peripheral circuit region, a second gate electrode on the cell region of the substrate, a first 

insulating interlayer on the cell region and the peripheral circuit region of the substrate, the 

first insulating interlayer covering the gate structure and the second gate electrode, a 

second insulating interlayer on the first insulating interlayer, third and fourth gate 

electrodes sequentially stacked on a portion of the second insulating interlayer on the cell 

region of the substrate, the third and fourth gate electrodes spaced apart from each other in 

a vertical direction to an upper surface of the substrate, and a channel extending through 

the third and fourth gate electrodes in the vertical direction.  In example embodiments, an 

upper surface of at least a portion of the first insulating interlayer on the peripheral circuit 
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region of the substrate may have an angulated protrusion and depression shape. 

[8] According to example embodiments, there is provided a vertical memory device.  

The vertical memory device may include a gate structure including a first gate electrode on 

a peripheral circuit region of a substrate, the substrate containing a cell region and the 

peripheral circuit region, a plurality of second gate electrodes sequentially stacked on the 

cell region of the substrate, the plurality of second gate electrodes spaced apart from each 

other in a vertical direction to an upper surface of the substrate, a channel extending 

through at least one of the second gate electrodes in the vertical direction on the cell region 

of the substrate, and first to third insulating interlayers sequentially stacked on the 

peripheral circuit region of the substrate.  In example embodiments, the first insulating 

interlayer may cover the gate structure, and an upper surface of at least a portion of the 

first insulating interlayer may have an angular protrusion and depression shape, an upper 

surface of a portion of the second insulating interlayer may have a rounded protrusion and 

depression shape corresponding to that of the upper surface of the at least a portion of the 

first insulating interlayer, and the third insulating interlayer may have a flat upper surface. 

[9] According to example embodiments, there is provided a method of manufacturing 

a vertical memory device.  The method may include forming a gate structure including a 

first gate electrode on a peripheral circuit region of a substrate, the substrate containing a 

cell region and the peripheral circuit region, forming a first sacrificial pattern on the cell 

region of the substrate, forming a first insulating interlayer on the substrate to cover the 

gate structure and the first sacrificial pattern, forming a second insulating interlayer on the 

first insulating interlayer, performing a wet etching process on an upper surface of the 

second insulating interlayer, alternately and repeatedly stacking a second sacrificial pattern 

and an insulation pattern on the second insulating interlayer of the cell region of the 

substrate in a vertical direction to an upper surface of the substrate, forming a channel 
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through the second sacrificial patterns and the insulation patterns to extend in the vertical 

direction on the cell region of the substrate, and replacing each of the first and second 

sacrificial patterns with a second gate electrode. 

[10] According to example embodiments, there is provided a method of manufacturing 

a vertical memory device.  The method may include forming a gate structure including a 

first gate electrode on a peripheral circuit region of a substrate, the substrate containing a 

cell region and the peripheral circuit region, forming a first sacrificial pattern on the cell 

region of the substrate, forming a first insulating interlayer on the substrate to cover the 

gate structure and the first sacrificial pattern, an upper surface of a portion of the first 

insulating interlayer on the gate structure having an angular protrusion and depression 

shape, forming a second insulating interlayer on the first insulating interlayer, an upper 

surface of the second insulating interlayer having a rounded shape corresponding to the 

protrusion and depression shape of the upper surface of the portion of the first insulating 

interlayer, forming a mold on the second insulating interlayer of the cell region of the 

substrate, the mold including second sacrificial patterns and insulation patterns alternately 

and repeatedly stacked in a vertical direction to an upper surface of the substrate, forming 

a third insulating interlayer on the second insulating interlayer to cover a sidewall of the 

mold, the third insulating interlayer having a flat upper surface, and replacing each of the 

first and second sacrificial patterns with a second gate electrode. 

[11] In the method of manufacturing the vertical memory device, the planarization 

process may not be performed immediately after forming the insulating interlayer on the 

GSL, and thus the deterioration of characteristics of the vertical memory device may be 

reduced or prevented. 

[12] A wet etching process may be performed on the concave portion of the insulating 

interlayer generated by the opening for dividing the GSL, so that the angular protrusion 
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and depression shape may be transformed into a rounded protrusion and depression shape, 

which may alleviate the deterioration of characteristics of the vertical memory device due 

to the concentration of the electric field. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[13] FIG. 1A is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments, and FIG. 1B is an enlarged cross-sectional view of 

a region X in FIG. 1A; 

[14] FIGS. 2 to 12 are cross-sectional views illustrating a method of manufacturing a 

vertical memory device in accordance with example embodiments; 

[15] FIG. 13 is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments; 

[16] FIG. 14 is a cross-sectional view illustrating a method of manufacturing a vertical 

memory device in accordance with example embodiments; 

[17] FIG. 15 is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments; and 

[18] FIG. 16 is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments. 

 

DESCRIPTION OF EMBODIMENTS 

[19] Vertical memory devices and methods of manufacturing the same in accordance 

with example embodiments will be described more fully hereinafter with reference to the 

accompanying drawings.  Hereinafter, two directions intersecting with each other among 

horizontal directions substantially parallel to an upper surface of a substrate are defined as 

first and second directions, respectively, and a vertical direction substantially 
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perpendicular to the upper surface of the substrate is defined as a third direction.  In 

example embodiments, the first and second directions may be orthogonal to each other. 

[20] FIG. 1A is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments, and FIG. 1B is an enlarged cross-sectional view of 

a region X in FIG. 1A. 

[21] Referring to FIG. 1A and FIG. 1B, the vertical memory device may include cell 

gate electrodes on a first region I of a substrate 100 including first to third regions I, II, and 

III, a second structure extending through the cell gate electrodes, first and second gate 

structures 152 and 154 on the second and third regions II and III, respectively, of the 

substrate 100, first to third insulation patterns 172, 174, and 325, an etch stop pattern 184, 

and/or first to sixth insulating interlayers 190, 200, 330, 430, 480, and 500. 

[22] The vertical memory device may further include first and second gate spacers 162 

and 164, a second blocking layer 440, a common source line (CSL)(not shown), first to 

fourth contact plugs 492, 494, 496, and 498, and/or first to fourth wirings 512, 514, 516, 

and 518. 

[23] The substrate 100 may include semiconductor materials e.g., silicon, germanium, 

silicon-germanium, etc., or III-V compounds e.g., GaP, GaAs, GaSb, etc.  In some 

example embodiments, the substrate 100 may be a silicon-on-insulator (SOI) substrate or a 

germanium-on-insulator (GOI) substrate. 

[24] In example embodiments, the first region I of the substrate 100 may be a cell 

region where memory cells are formed, and the second and third regions II and III of the 

substrate 100 may be a peripheral circuit region where X-decoders, page buffers, 

Y-decoders, driving circuits, etc. may be formed.  Hereinafter, however, in the peripheral 
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region, a region where the gate structures are formed relatively densely is referred to as the 

second region II, and a region where the gate structures are formed relatively sparsely is 

referred to as the third region III. 

[25] The first gate structure 152 on the second region II of the substrate 100 may 

include a first gate insulation pattern 112, a first polysilicon pattern 122, a first metal 

pattern 132, and/or a first gate mask 142 sequentially stacked, and the second gate 

structure 154 on the third region III of the substrate 100 may include a second gate 

insulation pattern 114, a second polysilicon pattern 124, a second metal pattern 134, and/or 

a second gate mask 144 sequentially stacked.  The first polysilicon pattern 122 together 

with the first metal pattern 132 may be referred to as a first gate electrode, and the second 

polysilicon pattern 124 together with the second metal pattern 134 may be referred to as a 

second gate electrode.  The first and second gate spacers 162 and 164 may be formed on 

sidewalls of the first and second gate structures 152 and 154, respectively. 

[26] The first and second gate insulation patterns 112 and 114 may include an oxide, 

e.g., silicon oxide, the first and second polysilicon patterns 122 and 124 may include 

polysilicon doped with p-type impurities or n-type impurities, the first and second metal 

patterns 132 and 134 may include a metal, e.g., tungsten, tantalum, titanium, etc., and the 

first and second gate masks may include an oxide, e.g., silicon oxide.  The first and 

second gate spacers 162 and 164 may include an oxide, e.g., silicon oxide, and thus may be 

merged with the first and second gate masks 142 and 144, respectively. 

[27] In example embodiments, the first insulation pattern 172 may have a rectangular 

shape on the first region I of the substrate 100 in a plan view, and the second insulation 

pattern 174 and the etch stop pattern 184 may cover the first and second gate structures 
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152 and 154 and the first and second gate spacers 162 and 164 on the second and third 

regions II and III of the substrate 100 in a plan view.  However, a first opening 185 

partially exposing an upper surface of the substrate 100 may be formed through a third 

gate electrode 472 of the cell gate electrodes and the first insulation pattern 172 thereunder.  

In example embodiments, a plurality of first openings 185 may be formed to be spaced 

apart from each other in the second direction. 

[28] The first and second insulation patterns 172 and 174 may include an oxide, e.g., 

silicon oxide, and thus the second insulation pattern 174 may be merged with the first and 

second gate masks 142 and 144 and/or the first and second gate spacers 162 and 164.  

The etch stop pattern 184 may include a nitride, e.g., silicon nitride. 

[29] The first insulating interlayer 190 may be formed on the first to third regions I, II, 

and III of the substrate 100 to cover the first and second insulation patterns 172 and 174, 

the third gate electrode 472, and the etch stop pattern 184, and the second insulating 

interlayer 200 may be formed on the first insulating interlayer 190. 

[30] Each of the first and second insulating interlayers 190 and 200 may include silicon 

oxide.  In example embodiments, the first and second insulating interlayers 190 and 200 

may include different materials from each other.  For example, the first insulating 

interlayer 190 may have high-density plasma (HDP) oxide, and the second insulating 

interlayer 200 may have tetraethyl orthosilicate (TEOS). 

[31] An upper surface of the first insulating interlayer 190 may not be flat due to the 

first and second gate structures 152 and 154 on the second and third regions II and III, 

respectively, of the substrate 100.  That is, portions of the first insulating interlayer 190 

on the first and second gate structures 152 and 154 may upwardly protrude when 



 

 

 

 

!

compared to other portions thereof. 

[32] In example embodiments, an upper surface of at least a portion of the first 

insulating interlayer 190 on the second and third regions II and III of the substrate 100 may 

have a cross-section in one direction, e.g., in the first direction with a shape of an angular 

protrusion and depression. 

[33] For example, upper surfaces of portions of the first insulating interlayer 190 on the 

first and second gate structures 152 and 154, that is, upper surfaces of first and second 

portions 192 and 194 of the first insulating interlayer 190 overlapping the first and second 

gate structures 152 and 154, respectively, in the third direction may have cross-sections in 

the first direction having a shape of a portion of a polygon.  In one embodiment, the 

upper surface of the first portion 192 of the first insulating interlayer 190 overlapping the 

first gate structures 152 in the first direction, which may be arranged relatively densely, 

may have a cross-section with a shape of a portion of a triangle (including two sides 

neighboring with each other at an obtuse or acute angle), and the upper surface of the 

second portion 194 of the first insulating interlayer 190 overlapping the second gate 

structures 154 in the first direction, which may be arranged relatively sparsely, may have a 

cross-section with a shape of a portion of a rectangle or a hexagon (including three sides 

neighboring with each other at an obtuse angle). 

[34] A first concave portion 196 may be formed on the upper surface of the first 

insulating interlayer 190 on the first region I of the substrate 100, which may correspond to 

the first opening 185 through the first insulation pattern 172 and the third gate electrode 

472.  That is, the first concave portion 196 of the upper surface of the first insulating 

interlayer 190 over the first opening 185 may have a relatively short distance from the 
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upper surface of the substrate 100 when compared to other portions of the upper surfaces 

of the first insulating interlayer 190 on the first region I of the substrate 100. 

[35] In example embodiments, the first concave portion 196 on the upper surface of the 

first insulating interlayer 190 may have a cross-section in the first direction with a shape of 

a portion of a polygon (including three sides neighboring with each other at an obtuse 

angle). 

[36] An upper surface of the second insulating interlayer 200 may have a shape 

corresponding to the shape of the upper surface of the first insulating interlayer 190.  

Thus, portions of the second insulating interlayer 200, which are formed on the first and 

second gate structures on the second and third regions II and III of the substrate 100, may 

upwardly protrude when compared to other portions thereof.  However, unlike the 

cross-section of the upper surface of the first insulating interlayer 190, the cross-section of 

the upper surface of the second insulating interlayer 200 may have a smoothly curved 

shape instead of an angular protrusion and depression shape.  That is, upper surfaces of 

third and fourth portions 202 and 204 of the second insulating interlayer 200 overlapping 

the first and second gate structures 152 and 154, respectively, in the third direction may 

have a cross-section in the first direction with a rounded curve shape corresponding to a 

portion of a polygon. 

[37] A second concave portion 206 may be formed on the upper surface of the second 

insulating interlayer 200 on the first region I of the substrate 100, which may correspond to 

the first opening 185 through the first insulation pattern 172 and the third gate electrode 

472.  That is, the second concave portion 206 of the upper surface of the second 

insulating interlayer 200 may overlap the first concave portion 196 of the first insulating 

interlayer 190 in the third direction, but may have a cross-section in the first direction with 

a rounded concave shape corresponding to that of the first concave portion 196. 
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[38] A mold of a staircase shape including a plurality of steps, each of which may 

include a fourth gate electrode 474 and the third insulation pattern 325 thereon or a fifth 

gate electrode 476 and the third insulation pattern 325 thereon, may be formed on the 

second insulating interlayer 200 on the first region I of the substrate 100, and the third 

insulating interlayer 330 may cover a sidewall and an upper surface of the mold. 

[39] In example embodiments, the steps included in the mold may have areas gradually 

decreasing at a constant rate from a lowermost one toward an uppermost one thereof.  

The lowest one of the steps in the mold may have a smaller area than one of the steps 

including the first insulation pattern 172 and the third gate electrode 472 in a plan view. 

[40] An upper surface of the third insulating interlayer 330 may be substantially flat 

without irregularities unlike the upper surface of the second insulating interlayer 200.  

The third insulating interlayer 330 may include a silicon oxide, e.g., TEOS, and thus may 

be merged with the underlying second insulating interlayer 200. 

[41] Each of the cell gate electrodes may extend in the first direction, and a plurality of 

cell gate electrodes may be formed in the second direction.  That is, the cell gate 

electrodes each extending in the first direction may be spaced apart from each other by a 

second opening (not shown) extending in the first direction. 

[42] An end portion of each of the cell gate electrodes in the first direction may be 

referred to as a pad.  The cell gate electrodes may be stacked at a plurality of levels, 

respectively, to be spaced apart from each other in the third direction, and the cell gate 

electrodes of each level may extend in the first direction on the first region I of the 

substrate 100.  Lengths of the cell gate electrodes at the plurality of levels, respectively, 

may gradually decrease from a lowermost one toward an uppermost one thereof, and thus 

the cell gate electrodes may have a staircase shape as a whole. 

[43] The cell gate electrodes may include the third to fifth gate electrodes 472, 474, and 
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476 sequentially stacked in the third direction.  The third gate electrode 472 may serve as 

a ground selection line (GSL), the fourth gate electrode 474 may serve as a word line, and 

the fifth gate electrode 476 may serve as a string selection line (SSL). 

[44] The third gate electrode 472 may be formed at a lowest level and may be covered 

with the first insulating interlayer 190, and the fourth and fifth gate electrodes 474 and 476 

may be formed at one or a plurality of levels on the second insulating interlayer 200.  In 

example embodiments, the fifth gate electrode 486 may be formed at an uppermost level 

and one level thereunder, and the fourth gate electrode 474 may be formed at plurality of 

levels between the third gate electrode 472 and fifth gate electrode 476. 

[45] In example embodiments, the third gate electrodes 472 may be separated with 

each other in the second direction by the first opening 185 described above.  Portions of 

the fourth and fifth gate electrodes 474 and 476 overlapping the first opening 185 in the 

third direction may have an upwardly concave shape.  Unlike the angular shape of the 

first concave portion 196 of the upper surface of the portion of the first insulating 

interlayer 190 overlapping the first opening 185 in the third direction, the second concave 

portion 206 of the upper surface of the second insulating interlayer 200 may have a 

rounded shape, so that the portions of the fourth and fifth gate electrodes 474 and 476 on 

the second insulating interlayer 200 may also have not a rapidly concave shape but a 

gently concave shape.  Accordingly, a phenomenon in which an electric field is 

concentrated on the above portions of the fourth and fifth gate electrodes 474 and 476 may 

be alleviated. 

[46] The third gate electrode 472 may include a third gate conductive pattern 462 and a 

third gate barrier pattern 452 covering upper and lower surfaces and a portion of a sidewall 

thereof, the fourth gate electrode 474 may include a fourth gate conductive pattern 464 and 

a fourth gate barrier pattern 454 covering upper and lower surfaces and a portion of a 
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sidewall thereof, and the fifth gate electrode 476 may include a fifth gate conductive 

pattern 466 and covering upper and lower surfaces and a portion of a sidewall thereof. 

[47] Each of the third to fifth gate conductive patterns 462, 464 and 466 may include a 

low resistance metal, e.g., tungsten, titanium, tantalum, platinum, etc., and each of the third 

to fifth gate barrier patterns may include a metal nitride, e.g., titanium nitride, tantalum 

nitride, etc.  Alternatively, each of the third to fifth gate conductive patterns 462, 464 and 

466 may include a first layer including a metal and a second layer including a metal 

nitride. 

[48] The second structure may extend through the cell gate electrodes.  The second 

structure may include an epitaxial layer 350, a first structure, and a capping pattern 420 

sequentially stacked on the first region I of the substrate 100. 

[49] The epitaxial layer 350 may fill a lower portion of a channel hole 340 (refer to FIG. 

9) extending through the first insulation pattern 172, the third gate electrode 472, the first 

and second insulating interlayers 190 and 200, the fourth and fifth gate electrodes 474 and 

476, the third insulation pattern 325 and the third insulating interlayer 330, and exposing 

the first region I of the substrate 100, and may contact the upper surface of the substrate 

100.  The channel hole 340 may be formed on the first region I of the substrate 100 in 

each of the first and second directions to form a plurality of channel hole arrays. 

[50] In example embodiments, the epitaxial layer 350 may include single crystalline 

silicon, and a height of an upper surface thereof may be higher than a lower surface of the 

first insulating interlayer 190 and lower than the upper surface of the second insulating 

interlayer 200. 

[51] The first structure may be formed on the epitaxial layer 350 in the channel hole 

340, and may include a channel 400, a charge storage structure 390 covering an outer 

sidewall of the channel 400, and a filling pattern 410 filling a space formed by an inner 
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wall of the channel 400 and contacting the upper surface of the epitaxial layer 350. 

[52] In example embodiments, the channel 400 may have a cup-like shape, the charge 

storage structure 390 may have a cup-like shape of which a central lower surface is opened, 

and the filling pattern 410 may have a pillar shape. 

[53] As the channel holes 340 in which the channels 400 are formed may form the 

channel hole arrays, the channels 400 may also form channel arrays corresponding thereto.  

The epitaxial layer 350 under the channel 400 may be referred to as a lower channel, and 

channel 400 may be referred to as an upper channel. 

[54] The channel 400 may include doped or undoped polysilicon or single crystalline 

silicon, and the filling pattern 410 may include an oxide, e.g., silicon oxide. 

[55] The charge storage structure 290 may include a tunnel insulation pattern 380, a 

charge storage pattern 370 and a first blocking pattern 360 sequentially stacked in the 

horizontal direction from the outer sidewall of the channel 400.  Each of the tunnel 

insulation pattern 380 and the first blocking pattern 360 may include an oxide, e.g., silicon 

oxide, and the charge storage pattern 370 may include a nitride, e.g., silicon nitride. 

[56] The capping pattern 420 may be formed on the first structure in the channel hole 

340.  The capping pattern 420 may include doped or undoped polysilicon or single 

crystalline silicon. 

[57] In example embodiments, the epitaxial layer 350 may extend through the third 

gate electrode 472, and the channel 400 may extend through the fourth and fifth gate 

electrodes 474 and 476.  Accordingly, the epitaxial layer 350 may extend through the 

third gate electrode 472, and may serve as a channel of a ground selection transistor (GST) 

including the third gate electrode 472.  The channel 400 may extend through the fourth 

and fifth gate electrodes 474 and 476, and may serve as a channel of a string selection 

transistor (SST) including the fourth and fifth gate electrodes 474 and 476. 



 

 

 

 

!" 

[58] The third insulation pattern 325 may be formed between the fourth and fifth gate 

electrodes 474 and 476 arranged in the third direction, and on an uppermost one of the fifth 

gate electrodes 476.  The third insulation pattern 325 may include a silicon oxide, e.g., 

TEOS, high density plasma (HDP) oxide, plasma enhanced oxide (PEOX), etc. 

[59] The fourth to sixth insulating interlayers 430, 480 and 500 may be formed on the 

third insulating interlayer 330, and may include an oxide, e.g., silicon oxide.  Accordingly, 

the fourth to sixth insulating interlayers 430, 480 and 500 may be merged with each other, 

and/or may be merged with the underlying third insulating interlayer 330. 

[60] Each of the third to fifth gate electrodes 472, 474 and 476 may be surrounded by 

the second blocking layer 440.  Thus, an outer sidewall of the charge storage structure 

390 or a sidewall of the epitaxial layer 350 may contact the second blocking layer 440.  

The second blocking layer 440 may include a metal oxide, e.g., aluminum oxide, hafnium 

oxide, lanthanum oxide, lanthanum aluminum oxide, lanthanum hafnium oxide, hafnium 

aluminum oxide, titanium oxide, tantalum oxide, zirconium oxide, etc. 

[61] A common source line (CSL)(not shown) and a second spacer (not shown) 

covering a sidewall of the CSL may be formed in the second opening separating the 

plurality of cell gate electrodes, each of which may extend in the first direction, from each 

other in the second direction,.  The CSL may include a metal, a metal nitride, etc., and the 

second spacer may include an insulating material, e.g., silicon oxide, silicon nitride, etc. 

[62] The first contact plug 492 may extend through the fourth and fifth insulating 

interlayers 430 and 480 to contact an upper surface of the capping pattern 420, the second 

contact plug 494 may extend through the third to fifth insulating interlayers 330, 430 and 

480, the third insulation pattern 325, the second blocking layer 440 and fourth and fifth 

gate barrier pattern 454 and 456 to contact each of upper surfaces of the fourth and fifth 

gate conductive patterns 464 and 466, or may extend through the first to fifth insulating 
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interlayers 190, 200, 330, 430 and 480, the second blocking layer 440 and the third gate 

barrier pattern 452 to contact an upper surface of the third gate conductive pattern 462.  

The second contact plug 494 may be formed on each of the pads having a staircase shape.  

That is, the second contact plug 494 may be formed on a portion of each pad not covered 

by upper pads. 

[63] The third contact plug 496 may extend through the first to fifth insulating 

interlayers 190, 200, 330, 430 and 480, the etch stop pattern 184, the second insulation 

pattern 174 and the first gate mask 142 to contact an upper surface of a first metal pattern 

132, and the fourth contact plug may extend through the first to fifth insulating interlayers 

190, 200, 330, 430 and 480, the etch stop pattern 184 and the second insulation pattern 174 

to contact the upper surface of the substrate 100. 

[64] The first to fourth wirings 512, 514, 516 and 518 may contact upper surfaces of 

the first to fourth contact plugs 492, 494, 496 and 498, respectively.  In example 

embodiments, the first wiring 512 may extend in the second direction, and may serve as a 

bit line of the vertical memory device. 

[65] The first to fourth contact plugs 492, 494, 496 and 498 and the first to fourth 

wirings 512, 514, 516 and 518 may include a metal, e.g., tungsten, titanium, tantalum, etc., 

and/or a metal nitride, e.g., titanium nitride, tantalum nitride, tungsten nitride, etc. 

[66] As described above, the first and second insulating interlayers 190 and 200 on the 

second and third regions II and III of the substrate 100 may cover the first and second gate 

structures 152 and 154, and thus the cross-sections of the upper surfaces of the first and 

second insulating interlayers 190 and 200 may have a protrusion and depression shape, 

while the third insulating interlayer 330 on the second insulating interlayer 200 may have a 

flat upper surface.  The protrusion and depression shape of the upper surface of the first 

insulating interlayer 190 may be a portion of a polygon at least partially angular, however, 
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the protrusion and depression shape of the upper surface of the second insulating interlayer 

200 may have be rounded. 

[67] The two insulating interlayers 190 and 200 may be formed between the third gate 

electrode 472 serving as a GSL and the fourth gate electrode 474 serving as a word line on 

the first region I of the substrate 100, and may include different materials from each other. 

[68] FIGS. 2 to 12 are cross-sectional views illustrating a method of manufacturing a 

vertical memory device in accordance with example embodiments.  FIG. 11 is an enlarged 

cross-sectional view of a region X in FIG. 10. 

[69] Referring to FIG. 2, first and second gate structures 152 and 154 may be formed 

on second and third regions II and III, respectively, of a substrate 100 including a first 

region I and the second and third regions II and III. 

[70] A gate insulation layer, a polysilicon layer, a metal layer, and a gate mask layer 

may be sequentially stacked on the substrate 100, and may be patterned to form the first 

and second gate structures 152 and 154.  The first gate structure 152 may include a first 

gate insulation pattern 112, a first polysilicon pattern 122, a first metal pattern 132, and a 

first gate mask 142 sequentially stacked, and the second gate structure 154 may include a 

second gate insulation pattern 114, a second polysilicon pattern 124, a second metal 

pattern 134, and a second gate mask 144 sequentially stacked. 

[71] First and second gate spacers 162 and 164 may be formed on sidewalls of the first 

and second gate structures 152 and 154, respectively.  A gate spacer layer covering the 

first and second gate structures 152 and 154 may be formed on the substrate 100, and may 

be anisotropically etched to form the first and second gate spacers 162 and 164.  The first 

and second gate spacers 162 and 164 may be formed to include an oxide, e.g., silicon 

oxide, and thus may be merged with the first and second gate masks 142 and 144. 

[72] Referring to FIG. 3, a first insulation layer and an etch stop layer may be formed 
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on the substrate 100 to cover the first and second gate structures 152 and 154, and may be 

patterned to form a first insulation pattern 172 and a first sacrificial pattern 182, 

respectively, sequentially stacked on the first region I of the substrate 100 and a second 

insulation pattern 174 and an etch stop pattern 184, respectively, sequentially stacked on 

the second region II of the substrate 100. 

[73] In example embodiments, the first insulation pattern 172 and the first sacrificial 

pattern 182 may have a rectangular shape on the first region I of the substrate 100 in a plan 

view, and the second insulation pattern 174 and the etch stop pattern 184 may cover the 

first and second gate structures 152 and 154 and the first and second gate spacers 162 and 

164 on the second and third regions II and III of the substrate 100 in a plan view.  

However, a first opening 185 partially exposing an upper surface of the substrate 100 may 

be formed through the first insulation pattern 172 and the first sacrificial pattern 182.  In 

example embodiments, a plurality of first openings 185 may be formed to be spaced apart 

from each other in the second direction. 

[74] The first insulation layer may include an oxide, e.g., silicon oxide, and thus may 

be merged with the first and second gate masks 142 and 144 and/or the first and second 

gate spacers 162 and 164. 

[75] Referring to FIG. 4, a first insulating interlayer 190 covering the first and second 

insulation patterns 172 and 174, the first sacrificial pattern 182 and the etch stop pattern 

184 may be formed on the substrate 100, and a second insulating interlayer 200 may be 

formed on the first insulating interlayer 190. 

[76] Each of the first and second insulating interlayers 190 and 200 may include a 

silicon oxide.  In example embodiments, the first and second insulating interlayers 190 

and 200 may include different materials from each other.  For example, the first 

insulating interlayer 190 may be formed to include high density plasma (HDP) oxide, and 
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the second insulating interlayer 200 may be formed to include TEOS. 

[77] The first insulating interlayer 190 may have a non-flat upper surface due to the 

first and second gate structures 152 and 154 on the second and third regions II and III of 

the substrate 100.  That is, a portion of the first insulating interlayer 190 on the first and 

second gate structures 152 and 154 may have an upwardly protruding shape when 

compared to other portions thereof. 

[78] In example embodiments, an upper surface of at least a portion of the first 

insulating interlayer 190 on the second and third regions II and III of the substrate 100 may 

have a cross-section in one direction, for example, in the first direction, which may have 

an angular protrusion and depression shape. 

[79] A first concave portion 196 may be formed on the upper surface of the first 

insulating interlayer 190, corresponding to the first opening 185 through the first insulation 

pattern 172 and the first sacrificial pattern 182 on the first region I of the substrate 100.  

In example embodiments, a cross-section in the first direction of the first concave portion 

196 on the upper surface of the first insulating interlayer 190 may have a shape of a 

portion of a polygon (including three sides neighboring with each other at an obtuse 

angle). 

[80] An upper surface of the second insulating interlayer 200 may have a shape 

corresponding to the shape of the upper surface of the first insulating interlayer 190.  

Thus, portions of the second insulating interlayer 200, which may be formed on the first 

and second gate structures 152 and 154 on the second and third regions II and III of the 

substrate 100, may upwardly protrude when compared to other portions thereof.  In 

example embodiments, a cross-section of an upper surface of at least a portion of the 

second insulating interlayer 200 may have an angular protrusion and depression shape, and 
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upper surfaces of third and fourth portions 202 and 204 of the second insulating interlayer 

200 overlapping the first and second gate structures 152 and 154, respectively, in the third 

direction may have a cross-section in the first direction with a shape of a portion of a 

polygon. 

[81] The upper surface of the second insulating interlayer 200 may also have a second 

concave portion 206 corresponding to the first opening 185 through the first insulation 

pattern 172 and the first sacrificial pattern 182 on the first region I of the substrate 100.  

That is, the second concave portion 206 on the upper surface of the second insulating 

interlayer 200 may be formed to overlap the first concave portion 196 on the upper surface 

of the first insulating interlayer 190 in the third direction, and may have a cross-section in 

the first direction with a shape of a portion of a polygon (including three sides neighboring 

with each other at an obtuse angle). 

[82] Referring to FIG. 5, a wet etching process may be performed on the upper surface 

of the second insulating interlayer 200, so that the second concave portion 206 on the first 

region I of the substrate 100 may have a smoothly curved surface. 

[83] That is, the shape of the cross-section in the first direction of the second concave 

portion 206 on the upper surface of the second insulating interlayer 200, which may be a 

shape of a portion of a polygon, may be transformed into a rounded concave shape by the 

wet etching process. 

[84] The shapes of the cross-sections in the first direction of the upper surfaces of the 

third and fourth portions 202 and 204 of the second insulating interlayer 200 on the second 

and third regions II and III of the substrate 100 may be transformed into a rounded convex 

shape by the wet etching process. 

[85] Referring to FIG. 6, a sacrificial layer 310 and a second insulation layer 320 may 

be alternately and repeatedly stacked on the second insulating interlayer 200.  
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Accordingly, a plurality of sacrificial layers 310 and a plurality of second insulation layers 

320 may be alternately stacked in the third direction.  FIG. 6 shows the sacrificial layers 

310 at six levels, respectively, and the second insulation layers 320 at six levels, 

respectively.  However, the numbers of the sacrificial layers 310 and the second 

insulation layers 320 may not be limited thereto, and may be more or less than 6, 

respectively. 

[86] Each of the sacrificial layer 310 and the second insulation layer 320 may be 

formed to have a partially curved shape corresponding to the protrusion and depression 

shape of the upper surface of the second insulating interlayer 200 or the second concave 

portion 206. 

[87] The sacrificial layer 310 and the second insulation layer 320 may be formed by a 

process, e.g., a chemical vapor deposition (CVD) process, a plasma enhanced chemical 

vapor deposition (PECVD) process, an atomic layer deposition (ALD) process, etc. 

[88] The second insulation layer 320 may include a silicon oxide, e.g., TEOS, high 

density plasma (HDP) oxide, PEOX, etc., and the sacrificial layer 310 may include a 

material having an etching selectivity with respect to the second insulation layer 320, e.g., 

silicon nitride. 

[89] Referring to FIG. 7, a photoresist pattern (not shown) partially covering an 

uppermost one of the second insulation layers 320 may be formed on the uppermost one of 

the second insulation layers 320, and the uppermost one of the second insulation layers 

320 and an uppermost one of the sacrificial layers 310 thereunder may be etched using the 

photoresist pattern as an etching mask.  Accordingly, a portion of one of the second 

insulation layers 320 under the uppermost one of the sacrificial layers 310 may be exposed.  

After reducing a size of an area of the photoresist pattern by a given ratio, a trimming 

process in which the uppermost one of the second insulation layers 320, the uppermost one 



 

 

 

 

!! 

of the sacrificial layers 310, the exposed one of the second insulation layers 320 and one of 

the sacrificial layers 310 thereunder may be etched using the reduced photoresist pattern as 

an etching mask, may be performed.  As the trimming process is repeatedly performed, a 

mold of a staircase shape including a plurality of steps each of which may include a second 

sacrificial pattern 315 and a third insulation pattern 325 sequentially stacked may be 

formed on the first region I of the substrate 100, and the upper surface of the second 

insulating interlayer 200 may be exposed on the second region II of the substrate 100. 

[90] In example embodiments, the steps included in the mold may have areas gradually 

decreasing at a constant ratio from a lowermost one toward an uppermost one thereof.  

The lowest one of the steps in the mold may have a smaller area than one of the steps 

including the first insulation pattern 172 and the first sacrificial pattern 182 in a plan view. 

[91] The mold may be formed by etching the sacrificial layer 310 and the second 

insulation layer 320 on the second insulating interlayer 200, so that no residue of the mold 

may remain on a boundary between the second and third regions II and III and the first 

region I of the substrate 100. 

[92] Referring to FIG. 8, a third insulating interlayer 330 covering the mold may be 

formed on the second insulating interlayer 200. 

[93] An upper surface of a portion of the third insulating interlayer 330 on the second 

and third regions II and III of the substrate 100 may have a protrusion and depression 

shape corresponding to that of the upper surface of the second insulating interlayer 200.  

The third insulating interlayer 330 may include a silicon oxide, e.g., TEOS, and thus may 

be merged with the underlying second insulating interlayer 200. 

[94] Referring to FIG. 9, a planarization process may be performed on an upper surface 

of the third insulating interlayer 330, and thus the upper surface of the third insulating 

interlayer 330 may become flat on the first to third regions I, II and III of the substrate 100. 
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[95] The planarization process may include a chemical mechanical polishing (CMP) 

process and/or an etch back process, and may be performed until an upper surface of the 

uppermost one of the third insulation patterns 325 is exposed, or to a height higher than the 

upper surface of the uppermost one of the third insulation patterns 325. 

[96] A first mask (not shown) may be formed on the third insulating interlayer 330, and 

an etching process using the first mask as an etching mask may be performed on the third 

insulating interlayer 330, the third insulation patterns 325, the second sacrificial patterns 

315, the second insulating interlayer 200, the first insulating interlayer 190, the first 

sacrificial pattern 182, and the first insulation pattern 172 to form a channel hole 340 

therethrough, which may expose the first region I of the substrate 100. 

[97] A plurality of channel holes 340 may be formed in each of the first and second 

directions to form channel hole arrays. 

[98] A selective epitaxial growth (SEG) process may be performed to form an epitaxial 

layer 350 partially filling the channel hole 340. 

[99] In example embodiments, the SEG process may be performed using a silicon 

source gas, an etching gas and a carrier gas, and thus a single crystalline silicon layer may 

be formed as the epitaxial layer 350. 

[100] In the SEG process, for example, silane (SiH4) gas, disilane (Si2H6) gas, 

dichlorosilane (SiH2Cl2) gas, etc., may be used as the silicon source gas, for example, 

hydrogen chloride (HCl) gas may be used as the etching gas, and, for example, hydrogen 

(H2) gas may be used as the carrier gas. 

[101] In example embodiments, a height of an upper surface of the epitaxial layer 350 

may be higher than a lower surface of the first insulating interlayer 190, and may be lower 

than the upper surface of the second insulating interlayer 200. 

[102] Referring to FIGS. 10 and 11, after removing the first mask, a first blocking layer, 
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a charge storage layer, a tunnel insulation layer and a first spacer layer (not shown) may be 

sequentially formed on a sidewall of the channel hole 340, the upper surface of the 

epitaxial layer 350 and the upper surface of the third insulating interlayer 330, the first 

spacer layer may be anisotropically etched to form a first spacer (not shown) remaining on 

the sidewall of the channel hole 340 only, and the tunnel insulation layer, the charge 

storage layer and the first blocking layer may be etched using the first spacer as an etching 

mask to form a tunnel insulation pattern 380, a charge storage pattern 370 and a first 

blocking pattern 360 each of which may have a cup-like shape with a central lower surface 

opened on the epitaxial layer 350 and the sidewall of the channel hole 340.  During the 

etching process, an upper portion of the epitaxial layer 350 may be partially removed.  

The tunnel insulation pattern 380, the charge storage pattern 370 and the first blocking 

pattern 360 may form a charge storage structure 390. 

[103] After removing the first spacer, a channel layer may be formed on the exposed 

epitaxial layer 350, the tunnel insulation pattern 380 and the third insulating interlayer 330, 

and a filling layer may be formed on the channel layer to fill a remaining portion of the 

channel hole 340. 

[104] The channel layer may be formed to include doped or undoped polysilicon or 

amorphous silicon.  When the channel layer is formed to include amorphous silicon, a 

laser epitaxial growth (LEG) process or a solid phase epitaxy (SPE) process may be further 

performed to transform amorphous silicon into crystalline silicon. 

[105] The filling layer and the channel layer may be planarized until the upper surface of 

the third insulating interlayer 330 may be exposed to form a filling pattern 410 filling the 

remaining portion of the channel hole 340, and the channel layer may be transformed into 

a channel 400. 

[106] Accordingly, the charge storage structure 390, the channel 400 and the filling 
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pattern 410 may be sequentially stacked on the epitaxial layer 350 in the channel hole 340.  

The charge storage structure 390 may be formed to have a cup-like shape of which a 

central lower surface is opened, the channel 400 may be formed to have a cup-like shape, 

and the filling pattern 410 may be formed to have a pillar shape. 

[107] According as the channel holes 340 for forming the channel 400 form the channel 

hole array, the channel 400 may also form a channel array corresponding thereto. 

[108] An upper portion of a first structure including the filling pattern 410, the channel 

400, and the charge storage structure 390 may be removed to form a trench (not shown), 

and a capping pattern 420 may be formed to fill the trench. 

[109] Specifically, after the upper portion of the first structure is removed by an etch 

back process to form the trench, a capping layer may be formed on the first structure and 

the third insulating interlayer 330 to fill the trench, and an upper portion of the capping 

layer may be planarized until the upper surface of the third insulating interlayer 330 may 

be exposed to form the capping pattern 420.  In example embodiments, the capping layer 

may be formed to include doped or undoped polysilicon or amorphous silicon, and when 

the capping layer is formed to include amorphous silicon, a crystallization process may be 

further performed.  

[110] The first structure, the epitaxial layer 350 and the capping pattern 420 in the 

channel hole 340 may be defined as a second structure. 

[111] Referring to FIG. 12, a fourth insulating interlayer 430 may be formed on the third 

insulating interlayer 330 and the capping pattern 420.  After forming a second mask (not 

shown) on the fourth insulating interlayer 430, a second opening (not shown) may be 

formed through the fourth insulating interlayer 430, the third insulation patterns 325, the 

second sacrificial patterns 315, the second insulating interlayer 200, the first insulating 

interlayer 190, the first sacrificial pattern 182, and the first insulation pattern 172 to expose 
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the upper surface of the substrate 100 using the second mask as an etching mask.  The 

fourth insulating interlayer 430 may include an oxide, e.g., silicon oxide, and thus may be 

merged with the underlying third insulating interlayer 330. 

[112] In example embodiments, the second opening may be formed to extend in the first 

direction on the first region I of the substrate 100, and a plurality of second openings may 

be formed in the second direction. 

[113] After removing the second mask, the first and second sacrificial patterns 182 and 

315 exposed by the second opening may be removed to form a gap (not shown) between 

the third insulation patterns 325 at a plurality of levels, between the second insulating 

interlayer 200 and a lowermost one of the third insulation patterns 325, and between the 

first insulating interlayer 190 and the first insulation pattern 172, and a portion of an outer 

sidewall of the first blocking pattern 360 and a portion of a sidewall of the epitaxial layer 

350 may be exposed by the gap.  In example embodiments, the first and second sacrificial 

patterns 182 and 315 exposed by the second opening may be removed by a wet etching 

process using an etchant including phosphoric acid or sulfuric acid. 

[114] A second blocking layer 440 may be formed on the exposed outer sidewall of the 

first blocking pattern 360, the exposed sidewall of the epitaxial layer 350, an inner wall of 

the gap, surfaces of the first and third insulation patterns 172 and 325, the exposed upper 

surface of the substrate 100, and an upper surface of the fourth insulating interlayer 430, a 

gate barrier layer may be formed on the second blocking layer 440, and a gate conductive 

layer may be formed on the gate barrier layer to fill a remaining portion of the gap. 

[115] The gate conductive layer and the gate barrier layer may be partially removed to 

form a gate conductive pattern and a gate barrier pattern, respectively, in the gap, which 

may form a cell gate electrode.  In example embodiments, the gate conductive layer and 

the gate barrier layer may be partially removed by a wet etching process. 
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[116] In example embodiments, the cell gate electrode may extend in the first direction, 

and a plurality of cell gate electrodes may be formed in the second direction.  That is, the 

plurality of the cell gate electrodes each of which may extend in the first direction may be 

spaced apart from each other in the second direction by the second opening. 

[117] The cell gate electrode may include third to fifth gate electrodes 472, 474 and 476 

sequentially stacked in the third direction.  The third gate electrode may be formed at a 

lowermost level, each of the fourth and fifth gate electrodes 474 and 476 may be formed 

on the third gate electrode 472 at one or a plurality of levels, respectively.  In example 

embodiments, the fifth gate electrode 476 may be formed at an uppermost level and a level 

thereunder, and the fourth gate electrode 474 may be formed at a plurality of levels 

between the third gate electrode 472 and the fifth gate electrodes 476. 

[118] Impurities may be implanted into an upper portion of the substrate 100 exposed by 

the second opening to form an impurity region (not shown).  In example embodiments, 

the impurities may include an n-type impurity, e.g., phosphorus, arsenic, etc. 

[119] A second spacer layer (not shown) may be formed on the upper surface of the 

substrate 100 exposed by the second opening, a sidewall of the second opening and the 

upper surface of the fourth insulating interlayer 430, and the second spacer layer may be 

anisotropically etched to form a second spacer (not shown) on the sidewall of the second 

opening.  Accordingly, a portion of the impurity region at the upper portion of the 

substrate 100 may be exposed. 

[120] A common source line (CSL) (not shown) may be formed on the exposed impurity 

region to fill a remaining portion of the second opening.  In example embodiments, a 

conductive layer may be formed on the exposed upper surface of the impurity region, the 

second spacer and the fourth insulating interlayer 430 to fill the second opening, and an 

upper portion of the conductive layer may be planarized until the upper surface of the 
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fourth insulating interlayer may be exposed to form the CSL.  During the planarization 

process, a portion of the second blocking layer 440 on the upper surface of the fourth 

insulating interlayer 430 may be also removed.  The CSL may be formed in the second 

opening, and may contact the upper surface of the impurity region. 

[121] Referring again to FIGS. 1A and 1B, after forming a fifth insulating interlayer 480 

on the fourth insulating interlayer 430, the CSL, the second spacer and the second blocking 

layer 440, a first contact plug 492 may be formed through the fourth and fifth insulating 

interlayers 430 and 480 to contact an upper surface of the capping pattern 420.  A second 

contact plug 494 may be formed through the third to fifth insulating interlayers 330, 430 

and 480, the third insulation pattern 325, the second blocking layer 440 and the fourth and 

fifth gate barrier patterns 454 and 456 to contact one of upper surfaces of fourth and fifth 

gate conductive patterns 464 and 466, or may be formed through the first to fifth insulating 

interlayers 190, 200, 330, 430 and 480, the second blocking layer 440 and the third gate 

barrier pattern 452 to contact an upper surface of the third gate conductive pattern 462. 

[122] Also, a third contact plug 496 may be formed through the first to fifth insulating 

interlayers 190, 200, 330, 430 and 480, the etch stop pattern 184, the second insulation 

pattern 174 and the first gate mask 142 to contact an upper surface of the first metal pattern 

132, and a fourth contact plug 498 may be formed through the first to fifth insulating 

interlayers 190, 200, 330, 430 and 480, the etch stop pattern 184 and the second insulation 

pattern 174 to contact the upper surface of the substrate 100. 

[123] Each of the second contact plugs 494 may be formed on each of the pads having a 

staircase shape.  That is, each of the second contact plugs 494 may be formed on a 

portion of each pad not covered by higher pads. 

[124] A sixth insulating interlayer 500 may be formed on the fifth insulating interlayer 

480 and the first to fourth contact plugs 492, 494, 496 and 498, and first to fourth wirings 
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512, 514, 516 and 518 may be formed through the sixth insulating interlayer 500 to contact 

upper surfaces of the first to fourth contact plugs 492, 494, 496 and 498, respectively, 

which may complete the fabrication of the vertical memory device.  In example 

embodiments, the first wiring 512 may extend in the second direction, and may serve as a 

bit line of the vertical memory device. 

[125] As described above, in the method of manufacturing the vertical memory device, 

even if the upper surfaces of the first and second insulating interlayers 190 and 200 

covering the first and second gate structure 152 and 154 on the second and third regions II 

and III of the substrate 100 may not be flat due to the first and second gate structures 152 

and 154, a planarization process for planarizing the upper surfaces of the first and second 

insulating interlayers 190 and 200 may not be performed immediately.  On the other hand, 

after forming the third insulating interlayer 330 on the second insulating interlayer 200 to 

cover the mold on the first region I of the substrate 100, the planarization process may be 

performed. 

[126] Accordingly, the planarization process may be performed only after forming the 

first and second sacrificial patterns 182 and 315 included in the mold for forming the cell 

gate electrodes, that is, the third to fifth gate electrodes 472, 474 and 476, so that the 

degradation of characteristics by the planarization process, for example, scratches on the 

layers on the first region I of the substrate 100, may be prevented. 

[127] The angular protrusion and depression shape of the second concave portion 206 of 

the upper surface of the second insulating interlayer 200, which may be formed due to the 

first opening 185 on the first region I of the substrate 100, may be transformed into a 

rounded protrusion and depression shape by a wet etching process, and thus the 

degradation of characteristics due to the concentration of electric field may be alleviated. 

[128] FIG. 13 is a cross-sectional view illustrating a vertical memory device in 



 

 

 

 

!" 

accordance with example embodiments. 

[129] The vertical memory device may be the substantially same as or similar to the 

vertical memory device described with reference to FIGS. 1A and 1B, except for the shape 

of the upper surface of the first insulating interlayer 190.  Accordingly, like reference 

numerals refer to like elements, and detailed descriptions thereon are omitted herein. 

[130] Referring to FIG. 13, portions of the first insulating interlayer 190 on the first and 

second gate structures 152 and 154 on the second and third regions II and III of the 

substrate 100 may relatively protrude upwardly in comparison with other portions thereof. 

[131] However, unlike the first insulating interlayer 190 described in FIG. 1A, an upper 

surface of the first insulating interlayer 190 described in FIG. 13 may have a smoothly 

curved shape instead of an angular protrusion and depression shape.  For example, upper 

surfaces of the first and second portions 192 and 194, which may overlap the first and 

second gate structures 152 and 154 on the first insulating interlayer 190 in the third 

direction, may have a cross-section in the first direction having a rounded curved shape 

corresponding to the shape of a portion of a polygon. 

[132] The first concave portion 196 on the upper surface of the first insulating interlayer 

190 corresponding to the first opening 185 may also have a cross-section having a rounded 

curved shape corresponding to the shape of a portion of a polygon. 

[133] FIG. 14 is a cross-sectional view illustrating a method of manufacturing a vertical 

memory device in accordance with example embodiments. 

[134] This method of manufacturing the vertical memory device may include processes 

substantially same as or similar to the processes described with reference to FIGS. 2 to 12 

and FIGS. 1A and 1B, so that detailed descriptions thereon are omitted herein. 

[135] Referring to FIG. 14, processes substantially same as or similar to the processes 

described with reference to FIGS. 2 to 4 may be performed. 
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[136] However, before forming the second insulating interlayer 200 on the first 

insulating interlayer 190, an additional etching process may be performed on the upper 

portion of the first insulating interlayer 190 so that the angular protrusion and depression 

shape may be transformed into a rounded protrusion and depression shape. 

[137] In example embodiments, the etching process may include a wet etching process. 

[138] Processes substantially same as or similar to the processes described with 

reference to FIGS. 5 to 12 and FIGS. 1A and 1B may be performed to complete the 

fabrication of the vertical memory device. 

[139] FIG. 15 is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments. 

[140] This vertical memory device may be substantially same as or similar to the vertical 

memory device described in FIGS. 1A and 1B, except for the positions of the first opening, 

and the first and second concave portions.  Accordingly, like reference numerals refer to 

like elements, and detailed descriptions thereon are omitted herein. 

[141] Referring to FIG. 15, the first opening 185 partially exposing the upper surface of 

the substrate 100 may be formed through the third gate electrode 472 and the underlying 

first insulation pattern 172, which may be closer to a central portion rather than an edge 

portion of the first region I of the substrate 100, when compared to the first opening 

described in FIG. 1A. 

[142] Accordingly, the first and second concave portions 196 and 206 may be also 

formed to be closer to the central portion of the first region I of the substrate 100 

correspondingly to the first opening 185, and each of the pads contacting the second 

contact plugs 294 may have a flat upper surface. 

[143] FIG. 16 is a cross-sectional view illustrating a vertical memory device in 

accordance with example embodiments.  This vertical memory device may be 
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substantially the same as or similar to the vertical memory device described in FIGS. 1A 

and 1B, except for the epitaxial layer, the channel and the charge storage structure.  

Accordingly, like reference numerals refer to like elements, and detailed descriptions 

thereon are omitted herein. 

[144] Referring to FIG. 16, the vertical memory device may not include the epitaxial 

layer 350 described in FIGS. 1A and 1B.  Accordingly, the channel 400 may be formed to 

have a cup-like shape contacting the upper surface of the substrate 100, and the charge 

storage structure 390 may be formed to have a cup-like shape of which a central lower 

surface is opened.  The charge storage structure 390 may cover an outer sidewall of the 

channel 400, and may contact the upper surface of the substrate 100. 

[145] As described above, although the inventive concepts have been described, those 

skilled in the art will readily appreciate that many modifications are possible in the 

example embodiments without materially departing from the novel teachings and 

advantages of the present inventive concepts. 
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What is claimed is:  

 

1. A vertical memory device, comprising: 

a gate structure including a first gate electrode on a peripheral circuit region of a 

substrate, the substrate containing a cell region and the peripheral circuit region; 

a plurality of second gate electrodes sequentially stacked on the cell region of the 

substrate, the plurality of second gate electrodes spaced apart from each other in a vertical 

direction to an upper surface of the substrate; 

a channel extending in the vertical direction on the cell region of the substrate and 

extending through at least one of the second gate electrodes; and 

a first insulating interlayer covering the gate structure on the peripheral circuit 

region of the substrate, a cross-section in one direction of an upper surface of a portion of 

the first insulating interlayer overlapping the gate structure in the vertical direction having a 

shape of a portion of a polygon and wherein the upper surface of the portion of the first 

insulating interlayer overlapping the gate structure in the vertical direction is not flat. 

 

2. The vertical memory device of claim 1, further comprising:  

a second insulating interlayer on the first insulating interlayer,  

wherein a cross-section in the direction of an upper surface of a portion of the 

second insulating interlayer has a curved shape corresponding to that of the upper surface of 

the portion of the first insulating interlayer. 

 

3. The vertical memory device of claim 2, wherein the first and second 

insulating interlayers include high density plasma (HDP) oxide and TEOS, respectively. 
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4. The vertical memory device of claim 2 or claim 3, further comprising: 

a third insulating interlayer on the second insulating interlayer,  

wherein the third insulating interlayer has a flat upper surface. 

 

5. The vertical memory device of claim 4, wherein the second and third 

insulating interlayers include substantially the same material. 

 

6. The vertical memory device of claim 1, wherein the second gate electrodes 

include third to fifth gate electrodes sequentially stacked on the substrate in the vertical 

direction, and 

wherein the first insulating interlayer is also on the cell region of the substrate to 

cover the third gate electrode. 

 

7. The vertical memory device of claim 6, further comprising: 

a second insulating interlayer formed between the first insulating interlayer and 

the fourth gate electrode. 

 

8. The vertical memory device of claim 7, wherein the first and second 

insulating interlayers include high density plasma (HDP) oxide and TEOS, respectively. 

 

9. The vertical memory device of claim 7 or claim 8, wherein an upper surface 

of a portion of each of the first and second insulating interlayers has a concave shape on the 

cell region of the substrate. 

 

10. The vertical memory device of claim 9, wherein the concave portion of the 
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upper surface of the first insulating interlayer has a cross-section in the direction having a 

shape of a portion of a polygon, and the concave portion of the upper surface of the second 

insulating interlayer has a cross-section in the direction with a curved shape corresponding 

to the shape of the cross-section of the concave portion of the upper surface of the first 

insulating interlayer. 

  

11. The vertical memory device of any one of claims 6 to 10, wherein one or 

ones of the fourth gate electrodes have a concave portion. 

 

12. The vertical memory device of any one of claims 6 to 11, wherein the third, 

the fourth and the fifth gate electrodes serve as a ground selection line (GSL), a word line, 

and a string selection line (SSL), respectively. 

 

13.   A vertical memory device, comprising: 

a gate structure including a first gate electrode on a peripheral circuit region of a 

substrate, the substrate containing a cell region and the peripheral circuit region; 

a second gate electrode on the cell region of the substrate; 

a first insulating interlayer on the cell region and the peripheral circuit region of 

the substrate, the first insulating interlayer covering the gate structure and the second gate 

electrode; 

a second insulating interlayer on the first insulating interlayer; 

third and fourth gate electrodes sequentially stacked on a portion of the second 

insulating interlayer on the cell region of the substrate, the third and fourth gate electrodes 

spaced apart from each other in a vertical direction to an upper surface of the substrate; and 

a channel extending through the third and fourth gate electrodes in the vertical 
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direction, 

wherein an upper surface of at least a portion of the first insulating interlayer on 

the peripheral circuit region of the substrate has an angular protrusion and depression shape; 

and  

wherein an upper surface of a portion of the first insulating interlayer overlapping 

the gate structure in the vertical direction is not flat. 

 

14. The vertical memory device of claim 13, wherein an upper surface of the 

portion of the second insulating interlayer on the peripheral circuit region of the substrate 

has a rounded protrusion and depression shape corresponding to the shape of the upper 

surface of the at least a portion of the first insulating interlayer. 

 

15. The vertical memory device of claim 13 or claim 14, wherein the first and 

second insulating interlayers include high density plasma (HDP) oxide and TEOS, 

respectively. 

 

16. The vertical memory device of any one of claims 13 to 15, further 

comprising: 

a third insulating interlayer covering the third and fourth gate electrodes on the 

second insulating interlayer, 

wherein the third insulating interlayer has a flat upper surface. 

 

17. The vertical memory device of any one of claims 13 to 16, wherein the 

second, the third, and the fourth gate electrodes serve as a ground selection line (GSL), a 

word line, and string selection line (SSL), respectively. 
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18. A vertical memory device, comprising: 

a gate structure including a first gate electrode on a peripheral circuit region of a 

substrate, the substrate containing a cell region and the peripheral circuit region; 

a plurality of second gate electrodes sequentially stacked on the cell region of the 

substrate, the plurality of second gate electrodes spaced apart from each other in a vertical 

direction to an upper surface of the substrate; 

a channel extending through at least one of the second gate electrodes in the 

vertical direction on the cell region of the substrate; and 

first to third insulating interlayers sequentially stacked on the peripheral circuit 

region of the substrate, 

wherein the first insulating interlayer covers the gate structure, and an upper 

surface of at least a portion of the first insulating interlayer has an angular protrusion and 

depression shape,  

wherein an upper surface of a portion of the second insulating interlayer has a 

rounded protrusion and depression shape corresponding to that of the upper surface of the 

at least a portion of the first insulating interlayer, and  

wherein the third insulating interlayer has a flat upper surface. 

 

19. The vertical memory device of claim 18, wherein the second and third 

insulating interlayers include substantially the same material, which is different from a 

material of the first insulating interlayer. 

 

20. The vertical memory device of claim 18 or claim 19, wherein the second 

gate electrodes include third to fifth gate electrodes sequentially stacked in the vertical 
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direction on the substrate, and 

wherein the first and second insulating interlayers are also on the cell region of 

the substrate, such that the first insulating interlayer covers the third gate electrode, and the 

second insulating interlayer is between the first insulating interlayer and the fourth gate 

electrode. 


